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The information contained in this manual is the sole property of
Puritan-Bennett Corporation and may not be reproduced or copied
without the permission of the company.

This manual may be revised or replaced by Puritan-Bennett Corpo-
ration at any time and without notice. Users always should ensure that
they have the most current version applicable to their equipment.
While the information set forth herein is believed to be accurate, itis not
a substitute for the exercise of professional judgment.

The equipment described in this document should only be used by
trained professionals. Puritan-Bennett Corporation’s sole responsibil-
ity with respect to such equipment, and its use, is as stated in the lim-
ited warranty provided with that equipment.

Nothing in this manual shall limit or restrict in any way Puritan-
Bennett Corporation’s right to revise or otherwise change or modify
the equipment (including its software) described herein, without no-
tice. In the absence of an express, written agreement to the contrary,
revisions, changes or modifications to the owner or user of the equip-
ment (including its software) described herein.

Comments

As part of our continuing effort to maintain the highest standards of
quality in our publications, we solicit your comments on the accuracy,
clarity, organization, and usefulness of this publication. Send your cor-
respondence to:

Marketing Communications Department
Puritan-Bennett Corporation

2200 Faraday Avenue

Carlsbad, CA 92008-7208

U.S.A.

22300 A 9-90



List of Effective Pages

Definition of Statements

Warranty

Preface

The list of effective pages represents manual P/N 22300, revision A.

rEffecﬁwe Pages Revision | Effective Pages Ravision\
i to xii A 5-1 t0 5-31 A
1-1 10 1-10 A 6-1to0 6-9 A
2-110 2-39 A Glossary 1t0 13 A
3-110 3-37 A index 110 15 A
4-1104-24 A

\Totai number of pages In this manual: 190 -

Statements in this manual preceded by the following words are of
special significance.

WARNING — Means there is a possibility of injury to yourself or
others.

CAUTION - Means there is a possibility of damage to the instru-
ment or other property.

NOTE - Indicates points of particular interest or emphasis that make
for more efficient and convenient operation of the equipment.

The 7200 Series Ventilator is warranted against defects in material and
workmanship in accordance with Puritan-Bennett Medical Equipment
Warranty (Form AA-256). Be sure to maintain a record of the mainte-
nance, otherwise the warranty will be voided. (A maintenance record s
provided at the end of Chapter 4.)

This manual is intended to provide information necessary to operate
the Puritan-Bennett 7200 Series Ventilator, model 7200ae, which is
part of the 7200 Series Ventilatory System. Two keyboard configura-
tions for the ventilator are available; these are described in the manual

as the Enhanced and Basic keyboards.

Inmost cases, messages are described as they lookin the message
window on the keyboard display panel. Corresponding messages ap-
pear on the 7202 Display, if one is installed; these messages are not
detailed in this manual.
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The manual consists of the following components:

» Chapter 1 provides general information on the ventilator, including
specifications and a summary of the ventilator features.

* Chapter 2 is a theory of operation, providing specific information on
the function and the design of the ventilator’s pneumatic system
and microprocessor electronics.

e Chapter 3 explains routine ventilator use. This ranges from
pre-operational testing and inspection, selection of ventilator
settings and alarms, correction of operator errors, and monitoring of
patient and ventilator condition.

» Chapter 4 describes daily and periodic care of the ventilator, cover-
ing cleaning and sterilization, and minor maintenance.

¢ Chapter 5 describes ventilator self-tests in detail.

¢ Chapter 6 provides procedures for installation of the commeon ac-
cessories and external components of the ventilator.

* The Glossary defines the terms essential in reading this manual and
understanding ventilator function.

* Index

[tis recommended that the user read this manual thoroughly betfore
operating the equipment. For additional information concerning the
7200 Series Ventilator, see the 7200 Series Ventilator Service Manual
(P/N 4-031052-00) or operator's manuals for any accessory equip-
ment used with the ventilator.

| WARNING ~ Patients on life-support equipment should be visu-
L ally monitored by competent medical personnel, since lift-threaten-
|| ing circumstances may arise that may not activate alarms. The oper-
| ator should heed all appropriate alarms and follow the instructions
L and warnings in this operator’s manual. Itis imperative to check life-
Ll support equipment for proper operation before use.

NOTE - In this manual, special brackets are used to set off words in
special context. Square brackets ([ 1) signify messages or prompts that
appear in the message window on the keyboard display panel. Angle
brackets ( < > ) signify the titles of keys on the keyboard display panel.
For example, [APNEA VENTILATION] represents what is shown in the
message window when the ventilator is in that emergency mode. The
phrase < TIDALVOLUME > represents the key pressed to settidal vol-
ume. General references to apnea ventilation, tidal volume, and other
messages and key titles are printed without the special brackets.
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=General Description

General Description This manual describes a microprocessor ventilator in the 7200 Series:
the Model 7200ae Ventilator. The 7200ae Ventilator combines im-
proved microprocessor technology with an advanced pneumatic sys-
tem to achieve reliable and accurate gas delivery and patient monitor-
ing.

An integral design feature is the keyboard display panel, which is
available in two versions, the Enhanced (Figure 1-1) and the Basic
(Figure 1-2). Both are divided into three sections:

The PATIENT DATA section provides information on breath types,
pressures, volumes, rates and ratios.

The VENTILATOR SETTINGS section is used by the operator to se-
lect ventilator settings. A two- or three-step entry sequence minimizes
accidental or unintentional ventilator changes.

The VENTILATOR STATUS section reports the operating condition
and the alarm status.

Figure 1-1. 7200ae Ventilator (with Enhanced keyboard)
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Applications and General
Precautions

The 7200ae Ventilator enables a respiratory care practitioner to pro-
vide a patient with ventilatory assistance. It can mix air and oxygen
and, when equipped with a humidifier, warm and humidify the mixed
gas. It provides a breath of predetermined tida! volume, peak in-
spiratory flow, waveform, and oxygen composition (a mandatory
breath} and can allow a patient to inspire gas having a predetermined
oxygen composition from a demand system (a spontaneous breath).
Depending on the options installed in the ventilator, the breathing char-
acteristics of the ventilator can be further modified.

The 7200ae Ventifator provides respiratory support for a wide range
of patients from pediatric to adult, and for awide range of clinical condi-
tions.

U.S. federal law restricts this device to the sale by oronthe order ofa
physician.

| WARNING —~ No amount of microprocessor controf and auto-
| matic monitoring in the 7200ae Ventilator can eliminate the need for
& clinical surveillance.

|| WARNING - The 7200ae Ventilator is not designed to
| be used, nor should it be used, on neonates or infants. The 7200ae
Ventilator is not designed for use, nor should it be used, with pediat-
d ric patient service circuits.

|| WARNING — To prevent explosion hazard, do not use the ventila-
tor in the presence of flammable anesthetics. The 7200ae

Ventifator is not designed for use in procedures involving anesthe-
sia. To prevent fire hazard, keep lighted matches, cigarettes, and
other sources of ignition out of the room in which the ventilator is fo-
cated. Textiles, oils, and other combustibles are easily ignited and
¢! burn with great intensity in air enriched with oxygen.

The following symbols appear on the ventilator:

1-2

[ Symbol Meaning )
o Ventilator meets criteria for Type B medical electrical
R equipment, defined by the international
Electrotechnical Commission (IEC).
é Ventilator meets IEC drip-proof criteria.
' User should consult accompanying documents.
O Main power off.
[ Main power on. J
.
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Features and
Specifications

The 7200ae Ventilator is configured either as a stand-alone module or
mounted on a pedestal. The pedestalis available with or without anin-
tegral motor/compressor. The compressor can supply the primary air
source or act as back-up. Figures 1-1 and 1-2 both show a pedestal
instatled.

The 7200ae Ventilator makes extensive use of microprocessor elec-
tronics. The microprocessor and its associated electronic circuits con-
trol the ventilator and provide for extensive monitoring of patient and
ventilator performance. For example, in the pneumatic system, the mi-
croprocessor controls the proportional solenoid valves, which mixand
shape the flow of inspired air and oxygen. The microprocessor also
monitors delivered flow and converts it to a volume measurement at

‘body temperature and pressure and 100% saturation (BTPS).

Figure 1-2. 7200ae Ventilator (with Basic keyboard)

The focus of ventilator operation is the keyboard display panel. A
membrane touch-pad is used to specify and define ventilatory patterns
that meet the specific needs of the patient. Prompts that request op-
erator actions, and messages pertaining to the keyboard, alarm
states, and ventilator readiness, appear in the message window.

22300A 9-90
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Replacement of knobs and dials with a keypad and muitiple-step entry
minimize accidental or unintentional changes in ventilator settings and
allow greater precision of ventilator settings. Because the keyboard
display panel is a single membrane, the risk of accidental leakage of
liquids into the ventilator is lessened.

The 7200ae Ventilator continuously displays breath type, instanta-
neous airway pressure or exhaled volume, as well as digital readouts
of patient and ventilator performance. in addition, the ventilator is
equipped with connections for remote alarm activation and/or analog
recording of flow and pressure.

Microprocessor electronics make possible the simultaneous inte-
gration of information from multiple sensors to warn of many potential
problems and to aid in diagnosing abnormal operating conditions.
Ratherthan one generai alarm, the 7200ae Ventilator has a hierarchy of
alarms that give specific information about operating conditions.

Internal batteries provide sufficient power to keep both the audible
alarm and a special section of microprocessor memory functioning for
at least one hour when main power to the ventilator has been inter-
rupted. The battery power allows the ventilator to store the last opera-
tor-selected settings, even after the ventilator is turned off.

NOTE - During storage or other prolonged periods when the ventilator
is not connected to external power, the internal batteries sustainmem-
ory for a minimum of 200 days.

Microprocessor electronics execute a Power-On Self-Test (POST),
whenever the ventilator is turned on, to verify that it is functioning prop-
erly. This start-up test is quick and requires no action by the practition-
er. After passing POST, microprocessor electronics continue to moni-
tor the ventilator. if problems are detected, an appropriate emergency
mode of ventilation automatically initiates.

Because of the pneumatic system’s minimal internal volume and
the simplicity of breath-by-breath mixing, changing from one oxygen
setting to another is complete within a few breaths (dependent mainly
on the volume of the patient service circuit and humidifier).

Both theinspiratory and expiratory limbs of the patient service circuit
are isclated from the rest of the ventilator by the main flow and exhala-
tion bacteria filters. Such isolation prevents contamination of the pa-
tient by the ventilator and contamination of the pneumatic system, the
exhalation fiow sensor, or the room air by the patient.

1-4
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Tahle 1-1. Technical Data and Specifications

22300 A 9-90

\
( Physical Characleristics
Dimensions:
Ventilator Module  Height: 41.9 cm (16.5 in)
Width: 55.9 cm (22.0 in)
Depth: 56.5 cm (22.5 in)
Ventilator Module with  Height: 102 cm (40.0 in)
Compressor Pedestal  Width: 55.9 cm (22.0 in)
Pepth: 64.8 cm (25.5 in)
Weight (approximate):
Ventitator Module 65 kg (145 1b)
Ventilator Module with Pedestal 108 kg (243 Ib)
Ventilator Module with 128 kg (285 [b)
Compressor Pedestal
Pedestal 44 kg (98 Ib)
Compressor Pedestal 83 kg (140 Ib)
Shipping Weight (approximate):
Ventitator Module 91 kg (202 Ib)
ventilator Module with Pedestal 128 kg (282 ib)
Ventilator Modute with 149 kg (328 Ib)
Compressor Pedestal
Pedestal 69 kg (151 Ib)
Compressor Pedestal 82 kg (202 1)
Environmental Requirements
Maximum Altitude:
Operating 3,048 m (10,000 ft)
Storage/Shipping 15,240 m (50,000 ft)
Environmental Ternperature:
Operaling 1610 41°C (60 to 105°F)
Storage/Shipping  -34to 71°C (-30 to 160°F)
Relative Humildity:
Cperating 0 10 90% noncondensing
Storage/Shipping 0 to 100% noncondensing
/
1-5



Table 1-1.

Technical Data and Specifications (continued)

Environmental Requirements {continued)

Clearances for Air Circulation:

Storage Requirements:
Less than 200 days

More than 200 days

Minimum of 15 cm (6.0 in} on all vertical sides

None
Replace batterias before returming to use

Pneumatic Specifications

Source Pressure:

Oxygen (DISS 9/16-18), medical
grade, dry

Alr (DISS 3/4-16),
medical grade, dry

Source Flow:
Air and oxygen

Vent Port Leakage:
Alr and oxygen
regulators

241 10 689 kPa (35 to 100 psig)

241 to 689 kPa (35 to 100 psig)

180 = 10% Lpm, minimum at 35 psig

Approximately 2.0 Lpm each (regardiess of incoming pressure)

Electrical Specifications

Model:

Ventilator Module

Compressor Pedestal

Voltage Amperage*  Frequency Power Consumption*
{AC) (rms) (Hz)
115 = 10% 3.8 60 =+ 5% 437
100 = 10% 3.0 60 = 5% 300
100 = 10% 3.4 50 £ 3% 340
220 = 10% 1.7 50 + 3% 374
240 = 10% 1.7 80 + 3% 408
115 = 10% 4.7 60 £ 5% 978
100 = 10% 6.8 60 + 5% 980
100 = 10% 6.4 50 £ 3% 980
220 + 10% 26 50 + 3% 946
240 = 10% 24 50 £ 3% 984

*Amperage and power consumption assume the connection of a Cascade Il Humidifier

Humidifier Qutiet Power Rating:

Leakage Current: Ventilator Mod-
ule with Compressor Pedestal

Power Cord

Internal Batteries (2)

230 watts

Less than 100 pA at 115 V/100 V
Less than 500 pA at 220/240 V

125 (240) VAC hospital grade, UL and CSA approved,

3.05 m (10.0 ff) for 115 /100 V

1500 VAC, VDE and CSA approved, detachable, 2.5 m (8.2 ff) for
220/240 V

Lead acid, 2.1 VDC typical, General Electric, sealed X-cell,
5 ampere-hour rating

1-6
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Table 1-1. Technical Data and Specifications (continued)
(Elactrical Specifications (continued) )
Starti-Up Current:
Ventilator, 115 V, with compressor 20 amperes
Heat Dissipation:
Veniilator Module  Approximately 510 BTU/hour
Ventilator with Compressor  Approximately 2400 BTU/hour
(where 1 kW = 3412 BTU/hour)
Ventilator Data
Gas Iniet Protection:
Filtering capability, air and oxygen  Particle size 0.3 p with 89.8% efficiency. Water filter will not remove
water vapor from gas. Use dry gas only.
Operator-Selected Parameters:
Tidal Volume  0.10 to 2.50 liters
Respiratory Rate 0.5 to 70 bpm
Peak Inspiratory Flow, maximum 10 to 120 Lpm, operator-selected; 180 Lpm during
spontaneous breathing
Sensitivity, inspiratory 0.5 to 20 cmH»0 below PEEP
02% 2110 100%
Plateau 0.0 to 2.0 seconds
PEEP/CPAP Pressure 0 to 45 cmH»0
Operator-Selected Alarm Thresholds:
High Pressure Limit 10 to 120 crmH,0
Low Ingpiratory Pressure 3 {0 99 cmH0
Low PEEP/CPAP Pressure Q1o 45 cmH0
Low Exhaled Tidal Volume  0.00 to 2.50 liters
Low Exhaled Minute Volume  0.00 1o 60.0 iiters
High Respiratory Rate 0 to 70 bpm
Operator-Selected Modes and Speclal Functions:
cMV
SIMV Selects modes of venlilation
CPAP
++  Accesses <++> key functions
Operator-Seiected Flow Waveforms:
Square
Descending ramp Selects waveform for mandatory breatns
Sine
. J
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Table 1-1. Technical Data and Specifications (continued)
(Vemilalor Data (continued) )
Operator-Selected Functions:
Manual inspiration  Delivers one mandatory breath
Manual Sigh  Delivers one mandatory sigh tidal volume
Automatic Sigh  Allows operator to select values far the four sigh parameters; tums
function on and off
100% O, Suction  Switches 0% to 100% for two minutes or until turned off
Nebulizer  Activates nebulizer for 30 minutes maximum or untll turned off
Operator-Selected Alarm Control Keys:
Alarm Silence  Silences audible alarm and remote nurse’s call for two minutes
Alarm Reset  Resets ventilator to pre-alarm state
Alarms:
High Pressure Limit  Airway pressure exceeds alarm threshold
Low Inspiratory Pressure  Peak airway pressure during dslivery of a mandatory breath is below
alarm threshold
Low PEEP/CPAP Pressure  Airway pressure is below alarm threshold
Low Exhaled Tidal Volume Tidal volume is below alarm threshold
Low Exhaled Minute Volume  Minute volume is below alarm threshold
High Resplratory Rate Respiratory rale exceeds alarm threshold
ILE [liluminates if value greater than 1:1 (e.g. 1:0.5)
Apnea llluminates if no breath is detected during the apnea interval
Low Pressure O Infet  Supply O2 pressure is below 35 psig If 0,% isnot 21%
Low Pressure Alrinlet  Supply air pressure is below 35 psig for wall gas and 7.4 psig for the
compressor
Exhalation Valve Leak Gas flow through the exhalation flow sensor during breath delivery is
50 mi or 10% of delivered volume, whichever is greater
Low Battery  {lluminates if less.than one hour reserve power for audible alarm
Power Disconnect Alarm  AC power 1o the ventilator is interrupted; only the audible
alarm sounds
Alarm Summary Display:
VENTILATOR INOPERATIVE
(red)
VENTILATOR ALARM (red)
CAUTION (yellow} } llluminates to indicate ventilator status
BACK UP VENTILATOR (red)
SAFETY VALVE OPEN (red)
NORMAL (blue or green) )
S/
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Table 1-1. Technical Data and Specifications (continued)

(’
Ventilator Dala (continued) h
Operator-Selected or Monitored Parameters:
Airway Pressure  Continuous display, breath-by-breath
(analog meter)
Exhaled Volume  Continuous display, breath-by-breath
(analog meter)  (available only on Basic keyboards)
Breath-Type Indicator Lights (automaticy:
' Assist )
Spontaneous '
P Sigh > llluminates during appropriate breath or breath cycle
Plateau |
Patient Data Displays:
Mean Airway Pressure )
Peak Airway Pressure In cmH,0: three-diglt display (maximum of two digits to the right of the
PEEP/CPAP Pressure decimal
Piateau Pressure )
Respiratory Rate in breaths per minute: three-digit display (maximum of one digit to the
: right of the decimal)
I:E Ratio Two-digit display (maximum of one digit to the right of the decimal)
Tidal Volume
Minute Volume } In liters: three-digit display (two digits to the right of the decimal)
Spontaneous Minute Volume
Emergency Modes of Operation:
Apnea Ventilation }
Disconnect Ventilation Parameters are selected by the operator
Back up Ventiiator Temporary ventilatory support with factory-preset parameters
Safety Valve Open Patient breathes room air unassisted by ventitator
Self-Diagnostics:
Power-On Self-Test  Automatic after power on (approximately 5 second
(POST)  duration)
Quick Extended Self-Tost (QUEST)  Operator-selected (1-1/2 minute duration)
Total Extended Self-Testy (TEST)  Operator-selected (3 to 5 minute duration)
Ongoing Checks  Automatic, continuous during ventilator operation
|:E Ratio Check  Automalic, with parameter changes
Lamp Test  Operator-selected
o S
22300A 9-90 1-9



Tabie 1-1. Technical Data and Specifications (continued)

(Ventiiator Data (continued)

Output Signals:
Remote Nurse’s Call  For remote indication of alarm

Analog signals for  For display of sighals on sepafate recording device
pressure & flow

i WARNING - The nurse’s call relay from the output signal connector does not signal loss of power.
| Patients on life-support equipment should be visually monitored by competent medical personnel,
since life-threatening circumstances may arise that might not activate alarms.

" J
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—Theory of Operation

Overview of Ventilator

Systems

This chapter generally describes the function of the 7200ae Ventilator.
Sections within this chapter explain the component systems of the
ventilator and their functional interrelationships, basic ventilator opera-
tion, calculation of patient data for displays, and safety features.

Function of the ventilator relies on interaction of the following systems:

e two gas supplies —one providing air and one providing oxygen
(a compressor may be ordered as an alternate air source),

¢ a pneumatic system that mixes the gases, generates flow wave-
forms, delivers volumes, and measures pressures;

* apatient service system that routes the mixed gases to and fromthe

patient;

« akeyboard display panel used to specify the operation of the pneu-
matic system, monitor patient and ventilator performance, and sig-
nal the operator with alarms when specified problems occur; and

« microprocessor electronics that controls and monitors the pneu-
matic system, the keyboard display panel, and the utility panel.

The functional relationship of the ventilator’'s systems, the operator,
and the patient is shown in Figure 2-1.

r
|
|
|

Patient

1 !

s e = Verilator = = — -

Patient Service
System

v 1

Operator

Keybhoard
Display Panel

Microprocessor ¥ Pneumatic
Electronics

System

t

Gas Supply
Systemn

Figure 2-1. Functional Relationship of the Operator, Patient, and Ventilator

22300A 8-90

21



Power Requirements

Gas Supply System

In general, the ventilator’s electrical and electronic systems operates
with DC power. However, the optional compressor pedestal, the exha-
lation filter heater, and the humidifier outlet are powered by wall AC cur-
rent. Internal batteries provide reserve power to memory in the micro-
processor electronics.

The external portion of the ventilator’s gas supply system is illustrated
in Figure 2-2.

Both air and oxygen enter the ventilator through filters that remove
particulate matter (larger than 0.3 microns) and condensed moisture
in aerosol form. (Bulk water must be removed from wall air sources
with a separate water trap.)

The optional compressor pedestal enables the ventilator to operate
independently of compressed wall air.

The minimum operating pressure for wall-supplied air or oxygen is
35 psig; the maximum is 100 psig. Internal preset regulators reduce
internal supply pressure to 10 psig. The optional compressor pro-
duces a pressure of approximately 10 psig. An automatic gas-supply
switching circuit provides for emergency operation whenever gas sup-
ply inlet pressure or compressor pressure falls below a prescribed
range (this may be less than the minimum operating pressure). For this
switchover to operate effectively, the ventilator must have oxygen and
air supplies attached (or for air supply, a compressor must be in-
stalled).

| Optional
wall air
water trap

Oxygen
supply

Air
supply

Air supply
water trap
and filter

Optional
internal
compressor

Figure 2-2. External Components of the Gas Supply System
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Pneumatic System

The major components of the pneumatic system are illustrated in
Figure 2-3.

The system consists of the flow sensors (for inspired air and oxygen,
and exhaled flow), the paired proportional solenoid valves, and the
ventilator outlet port {this includes a safety valve). In addition, the sys-
tem contains check valves for preventing retrograde gas flow, a sub-
system for providing positive end expiratory pressure (PEEP), and a
subsystem for providing flow to the nebulizer.

Microprocessor electronics (described in the following section) con-
trols the solenoid valves, monitors the amount of gas flowing through
them, and continually adjusts the flow to ensure that the operator-se-
lected volume, flow rate, waveform, and composition of gas is deliv-
ered to the patient.

Nebulizer o

@ To Nebulizer

Solenoid
Wall Oo
Supply — O Supply Flow Proportional Check To Patient
Hegulation Sensor alve Valve System
1 Sarety From Patient
v T Systemn
Wall Air Air Supply Fiow Proportional T
Supply — i +6~
PRIy Regulation Sensor alve Heated Filter
Nebulizer I
Solenoid Flow Sensor
PEEP | Exhalation Exhalation
Internal .| Regulator Solenoid Valve
Compressor

Figure 2-3. Major Components of the Pneumatic System

Microprocessor Electronics

The major components of the ventilator’s microprocessor electronics
are illustrated in Figure 2-4.

The microprocessor, memory, keyboard control, display control,
conversion circuitry, and interface circuitry are contained on printed
circuit boards. These boards contain the electronic components nec-
essary to control and monitor ventilator operation.

The microprocessor receives information from the keyboard, utility
panel, DC power supply, and memory, as well as from pressure
switches and temperature/flow sensors in the pneumatic system. The
microprocessor monitors the information from these sources and per-
forms the necessary calculations based on programs stored in mem-
ory. As a result of these calculations, status information and control
signals are sent to the pneumatic system and to the displays.

22300 A 9-90
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The signals sent to the pneumatic system control gas flow and pres-
sure delivered to the patient. Information sent to the displays indicates
ventilator status and patient data. Some options have additional cir-
cuitry; the microprocessor receives and coordinates the functions of
those options.

The memory contains several types of information required by the
MICTOprocessor:

¢ software programs that control the microprocessor during normal
operation

» default values that control the microprocessor during emergency
operation

* results of various calculations performed by the microprocessor,
and

o last-entered, operator-selected ventitator settings.

The operator-selected ventilator settings portion of the memory is
protected by battery power. This battery power allows the ventilator to
retain ail previously entered ventilator settings when the ventilator is
turned off or when there is a power failure. The ventilator retrieves and
begins operating with these settings after main power is restored and
the Power-On Self-Test (POST) is successfully completed.

Microprocessor Electronics

o Emm e —— “1|
[ N Microprocessor ] Accessories
i Memaory : (like the 7202 Display)
|
l { Lo §-———-- 7
DC Power I .
Communications
Supply —I_’ — Ports :
T : Microprocessor :
Utility l — Keyboard and I
AC —p Panel : — Display Controls :
Power
I ——— A
| : r : -
: Conversion | Keyboard
| Circuitry : Display Panel
|
. | 3 I
Pneumatic | |
System t Interface |
¢ | » Circuitry ¢ |
| |
e e e e i e e o e .

Figure 2-4. Major Components of Ventilator Microprocessor Electronics
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Patient Service System The major components of the patient service system are illustrated in
Figure 2-5.

The patient service system consists of the humidifier circuit, for
warming and humidifying the inspiratory gas; the patient service cir-
cult, for transporting the gas from the pneumatic system to the patient
and back to the ventilator; the nebulizer circuit, for adding medication
to the gas; and exhalation flow circuit, for monitoring and calculating
the volume of exhaled gas.

The system also contains filters in its inspiratory and expiratory
limbs that confine bacterial contamination in the humidifier and patient
service circuits; water traps, that minimize the amount of condensate
in the patient circuit; a check valve, that prevents retrograde gas flow;
and an exhalation valve that seals the system during inspiration and
maintains PEEP.

The internal exhalation valve is housed in the exhalation compart-
ment. Because exhalation compartment components are the last ele-
ments in the expiratory limb (downstream from the heated exhalation
bacteria filter), they do not need to be cleaned and sterilized.

Figure 2-5. Major Components of the Simplified Patient Service System
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Keyboard Display Panel

The keyboard display panel consists of the keys and the knob that
specify how the ventilator delivers breaths. The panel also contains the
displays and indicators that report patient data and ventilator status.
The keys, knob, displays, and indicators illustrated in Figure 2-6, are
grouped in sections by function: PATIENT DATA, VENTILATOR SET-
TINGS, and VENTILATOR STATUS.

The PATIENT DATA section displays patient information on pressur-
es, volumes, rates, [:E ratios, and breath types.

Select ventilator settings with the keys in the VENTILATOR SET-
TINGS section. As ventilator settings and alarm thresholds are se-
lected, the values are shown in the message window. Tidal volume,
respiratory rate, peak inspiratory flow, and oxygen composition per-
centage for delivered breaths appear continuously in the section’s
digital displays. You may also initiate special functions with the
<MANUAL INSPIRATION >, <MANUAL SIGH>, <AUTOMATIC
SIGH>, <NEBULIZER> and <100% O, SUCTION> keys. The
<++> key allows you to access special functions and options.

The 12 specific alarm indicators and six general status displays in
the VENTILATOR STATUS section notify you of alarm conditions and
emergency ventilatory modes. The alarm summary display signals the
operator o ventilator operating condition; four red lights identify emer-
gency operating situations. The < ALARM SILENCE >, <ALARM RE-
SET>, and <LAMP TEST> keys are also in this section.

Two types of keyboards are available for the 7200ae Ventilator: the
Enhanced and the Basic. The Enhanced is a multi-color keyboard,
with the PATIENT DATA section on the left, the VENTILATOR SET-
TINGS section in the middie, and the VENTILATOR STATUS section
on the right. The analog meter continously displays airway pressure.

The Basic keyboard is charcoal gray with colored borders to sepa-
rate the sections. The PATIENT DATA section is at the top, the VENTI-
LATOR STATUS section is on the left, and the VENTILATOR SET-
TINGS section is on the lower right. Two keys for the analog meter al-
low the operator choose between airway pressure and exhaled
volume.

2-6
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Enhanced keyboard VENTILATOR SETTINGS
\ VENTILATOR
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PATIENT DATA B( 1
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Figure 2-6. Organization of the Keyboard Display Panel
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Table 2-1. Function of Venlilator Controls on the Keyboard Display Panel

NOTE - Certain keys have special functions when used during Extended Self-Test (EST). See Chapter 5 for

details.

( Key, Indicator, or Display

Function

\

Ventilator Seftings Section

PEEP/CPAP {contral knob)
TIDAL VOLUME

RESPIRATORY RATE
PEAK INSPIRATORY FLOW

SENSITIVITY

0,%
PLATEAU

HIGH PRESSURE LIMIT

LOW INSPIRATION PRESSURE

LOW PEEP/CPAP PRESSURE
LOW EXHALED TIDAL VOL
LOW EXHALED

MINUTE VOL

HIGH RESPIRATORY RATE

Numeric key pad {0 through 9)

Decimai point

Allows for seiling the Posilive End Expiratory Pressure (PEEP),

Allows for reviewing and specifying delivered tidal volume for mandatory
breaths, corrected for BTPS and complance volume.

Allows for reviewing and specifying respiratory rate for ventilator-initiated
mandatory breaths (sets the CMV and SIMV respiratory rates).

Allows for reviewing and specifying peak inspiratory flow for mandatory
breaths. .

Allows for reviewing and specifying the amount of airway pressure (meas-
ured in the patient service system) by which PEEP must be reduced by the
patient in order to trigger a patient-initiated mandatory or spontaneous
breath. SENSITIVITY is defined as a negative pressure, but is entered and
displayed without a negative sign.

Allows for reviewlng and specifying the percentage of oxygen gas of which
all breaths are composed.

Aliows far reviewing and specifying the duration of the inspiratory pause
following the delivery of ali mandatory breaths.

Allows for reviewing and specifying the airway pressure limit for the HIGH
PRESSURE LIMIT alarm during mandatory and spontaneous breaths. If air-
way pressure is greater than the limit value, the HIGH PRESSURE LIMIT
alarm triggers.

Allows for reviewing and specifying the airway pressure limit for the LOW
INSPIRATORY PRESSURE alarm during a mandatory breath. if airway pres-
sure Is less than the limit vaiue, the LOW INSPIRATORY PRESSURE alarm
triggers.

Allows for reviewing and specifying the airway pressure limit for the LOW
PEEP/CPAP PRESSURE alarm. If airway pressure is less than the limit
value, the LOW PEEP/CPAP PRESSURE alarm triggers.

Allows for reviewing and specifying the Emit for the LOW EXHALED TIDAL
VOL alarm. If the exhaled tidal volume, averaged over four breaths, is less
than the limit value, the LOW EXHALED TIDAL VOL alarm triggers.

Allows for reviewing and speclifying the limit for the LOW EXHALED MINUTE
VOL aiarm. If the total exhaled minute volume is less than the Himit value,
the LOW EXHALED MINUTE VOL alarm triggers.

Allows for reviewing and specifying the limit for the HIGH RESPIRATORY
RATE alarm. If the respiratory rale Is greater than the limit value, the HIGH
RESPIRATORY RATE alarm triggers.

Allows for entering specific values for parameters, alarm limits, and < ++>
key functions.

Allows for entering deckmal values for parameters, atarm limits, and < ++>

key functions.

sk Allows far stepping through < ++> key function parameters in reverse di-
rection; also used in EST and automatic sigh procedures.
ENTER  Causes the ventilator to perform operator selections. Also allows for step-
ping forward through < ++> key function and automatic sigh parameters.
\ S
22300 A 9-90
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Table 2-1. Function of Ventilator Controls on the Keyboard Display Panel (continued)

KKey, indicator, or Display

Funection

Ventilator Seltings Section (continued)

CLEAR

CcMV

SiMV

CPAP

Square wave
Descending ramp
Sine wave

MANUAL INSPIRATION
MANUAL SIGH
AUTOMATIC SIGH

: +4
100% O, SUCTION

NEBULIZER

TIDAL VOL liters display

SET RATE bpm display

PEAK FLOW ipm display
Ox% display

Message window

Erases the displayed value of a parameter, alarm limit, or <++> key function
from the message window. Although pressing the < CLEAR> key causes
window values to be erased, ventilator operating settings are not erased.
Selects the Continuous Mandatory Ventilation mode.

Selects the Synchronous Intermittent Mandatory Ventilation mode.

Selects the Continuous Positive Airway Pressure mode.

Selecls square waveform for mandatory breaths.

Selects descending ramp wavefarm for mandatory breaths.

Selecis sine waveform for mandatory breaths.

Delivers one operator-initiated mandatory breath.

Delivers one operator-selected sigh breath (if sigh parameters have been
set),

Delivers sigh breaths as set by the operator. Press key again to turn off
function.

Accesses <++> key functions.

Switches ventilator to 100% O for 2 minutes (If Oz is available). Press key
again to cancel.

Turns on or off the nebulizer circuit. Automatically cancels after 30 minutes;
temporarily suspended in emergency modes. Press key again to cancel.
Displays the digital value of the current ventilator setting for TIDAL VOLUME
for non-sigh mandatory breaths; flashes when current vaiues differ from op-
erator-entered parameters.

Displays the digital values for current ventilator setting for RESPIRATORY
RATE: flashes when current values differ from operator-entered parameters.
Displays the digital value of the current ventilator setting for PEAK INS-
PIRATORY FLOW: flashes when current values differ from operator-entered
parameters.

Displays the digital value of the current ventilator setting for percent of oxy-
gen in the inspiratory gas; flashes when current values differ from cperator-
eniered paramsters.

Displays prompts and values for parameters, alarm thresholds, and <++>
key functions. Also displays error messages, error codes, and alarms.

Ventilator Status Section

LAMP TEST

ALARM SILENCE

ALARM RESET

Initiales a test that checks all lamps, displays, and meters, on the keyboard
display panel, the audible alarm, and the nurse’s call; cancels alarm
silence.

Suspends the audible alarm for 2 minutes and cancels display of self-test
erfor messages.

Clears all alarm indicators and initiaies a battery test; cancels alarm si-
lence; during EST, provides the [OVERRIDE —- ENTER] prompt after and
EST COMPLETE or EST FAIL state. )

22300A 9-90
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Table 2-1. Function of Ventilator Conirols on the Keyboard Display Panel {continued)

/Key, Indicator, or Display

Function

Alarm Summary Display

VENTILATOR INOPERATIVE
VENTILATOR ALARM

CAUTION

BACK UP VENTILATOR

SAFETY VALVE OPEN

NORMAL

Indicates that the ventilator is nonoperational.
Indicates that an alarm has triggered due to detecled violation of an alarm

- {imit. Also indlcates detection of apnea or an exhalation valve leak.

Indicates that an alarm triggered previously, but the condition was corrected
and the alarm stopped automatically.

Indicates that the ventilator is operating in the BACK UP VENTILATOR emer-
gency mode.

indicates that the ventilator's safety valve is open and that the patient is
breathing room air, unassisted by the ventilator,

Indicates that no alarm or caution states exist (other than the I.E or Low Bat-
tery alarm).

Alarm Indicators

HIGH PRESSURE LIMIT

LOW INSPIRATORY
PRESSURE

LOW PEEP/CPAP PRESSURE
LOW EXHALED TIDAL VOL
LOW EXHALED

MINUTE VOL

HIGH RESPIRATORY RATE
LE

APNEA

LOW PRESSURE Qs INLET

LOW PRESSURE AIR INLET

EXHALATION VALVE LEAK

LOW BATTERY

Indicates that airway pressure is greater than the limit value set for this
alarm; when the alarm triggers, the ventilator terminates a mandatory Inspi-
ration.

Indicates that mandatory breath peak airway pressure is less than the limit
value for this alarm.

Indicates that airway pressure is less than the limit set for this alarm for a
period greater than 1 second, or that 5 liters or more have been delivered
during a spontaneous breath.

Indicates that the 4-breath running average for tidal volume is less than the
fimit value set for this alarm.

Indicates that the total minute volume calculation is less than the limit value
for this alarm; the calculation is based on an 8-breath or 1 minute average.
Indicates that the 10-breath running average for respiratory rate is greater
than the limit value set for this alarm.

Indicates that the duration of Inspiration is 50% or more of the fotal cycle
interval (e.g., a ratio of 1:0.9 triggers the alarm).

Indicates that the ventilator did not detect initiation of an exhalation during
the apnea interval.

Indicates that inlet pressure for the oxygen supply has fallen below a pre-
scribed level while Ox% (or apnea O,%) is set greater than 21.

Indicates that wall air inlet pressure has fallen below a prescribed level.
Also, If wall pressure is insulficient, indicates that compressor pedestal inlet
pressure (if included) has fallen below a prescribed level.

Indicates that more than 10% of the delivered tidal volume or 50 m! (which-
ever s greater) passed through the exhalation flow sensor during inspiration
Indicates that the voltage of the internal batteries Is too low to sustain 1
hour of audible alarm operation.

2-10
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Table 2-1. Function of Ventilator Controls on the Keyboard Display Panel (continued)

[Key, Indicator, or Display

Function

Patient Data Section

Analog Meter Keys
AIRWAY PRESSURE cmH,0

EXHALED VOLUME liters

cmH;0 Window Keys
MEAN AIRWAY PRESSURE

PEAK AIRWAY PRESSURE
PEEP/CPAP (display)

PLATEAU PRESSURE

RATE/LE Window Keys

RATE bpm
I:E RATIO

liters Window Keys
TIDAL VOLUME

MINUTE VOLUME"

SPONT MINUTE VOLUME

Breath-Typs Indicators

Selects analog meter display of airway pressure {only available on Basic
keyboard). (The analog meter on the Enhanced keyboard continuously dis-
plays airway pressure.)

Selects analog meter display of volume passing through the exhalation
valve, uncorrected for BTPS or compliance volume (only available on
Basic keyboard).

Selects calculated mean airway pressure for display in the cmH20
(pressure) window.

Selects measured peak airway pressure of the last mandatory breath for
display in the cmH,0 (pressure) window.

Selects calculated PEEP/CPAP pressure for display in the cmH20
(pressurs) window. '

Selects measured plateau pressure for display in the cmH;0 (pressure)
window; display blanked when plateau equals 0.

Selects measured respiratory rate for display in the RATE/I'E window.
Selects measured kF ratio of the last mandatory breath for display in the
RATE/I:E window.

Selects measured, BTPS-corrected, tidaf volume for display in the fiters
{volume) window.

Selects measured, BTPS-corrected, minute volume for display in the liters
(volume) window.

Selects measured, BTPS-corrected, spontaneous minute volume for display
in the liters (volume) window; display blanked whenever the ventilator Is in
CMV (including emergency modes).

ASSIST Illluminates during the inspiratory phase of a patient-initiated mandatory
breath cycle.
SPONTANEOUS  llluminates during the inspiratory phase of a spontaneous breath cycle
SIGH llluminates for a period from the start of inspiration through the end of
exhalation for a sigh breath.
PLATEAU  IHuminales during an inspiratory pause.
. _/
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Table 2-2. Window Messages and Their Meanings

(Modes, Waveforms, Other Features  Function

Mode, waveform, and other messages appear after pressing the corresponding keys.

Message

Meaning and/or Action

100% Oz ON-ENTER
100% O, OFF-ENTER
AUTO SIGH ON-ENTER

AUTO SIGH OFF-ENTER
NEB ON-ENTER

NEB OFF-ENTER

CMV MODE-ENTER
SIMV MODE-ENTER
CPAP MODE-ENTER
SQUARE SHAPE-ENTER
RAMP SHAPE-ENTER

SINE SHAPE-ENTER

Prompts the operator ta turn on 100% oxygen by pressing <ENTER:>
Prompts the operator 1o turn off 100% oxygen by pressing <ENTER >
Prompis the operator to tuin on automatic sigh by pressing <ENTER =
(after sigh parameters are selected)

Prompts the operator to turn off automatic sigh by pressing <ENTER >
Prompts the operator to furn on nebulizer by pressing <ENTER >
Prompts the operator to turn off nebulizer by pressing <ENTER >
Prompts the operator to select CMV mode by pressing <ENTER>
Prompts the operator {0 select SIMV mode by pressing <ENTER >
Prompts the operator to select CPAP mode by pressing <ENTER>
Prompts the operator io select square waveform by pressing <ENTER>
Prompts the operator to select descending ramp waveform by pressing
<ENTER > _

Prompts the operator 1o select sine waveform by pressing <ENTER >

Parametars and Alarm Thresholds

These messages appear when the corresponding parameter and alarm threshold keys are pressed.

Message Units Meaning

TIDAL VOL LITERS Displays current setlings for tidal volume

RESP RATE BPM Displays current setting for respiratory rate

PEAK FLOW Lpm Displays cuirent setting for peak inspiratory flow

SENS CMH20 Displays current sefting for sensitivily

OXYGEN % Displays current setting for oxygen percentage

PLATEAL SEC Displays current setting for plateau

SIGH TV LITERS Displays current setting for sigh tidal volume

SIGH HIPL CMH20 Displays current setting for sigh high pressure limit

SIGH RATE PER HR Displays current setting for sigh rate per hour

Hi PRESS CMH20 Displays current setting for HIGH PRESSURE LIMIT alarm

LO PRESS CMH20 Displays current setting for LOW INSPIRATORY PRESSURE alarm

LO PEEP CMH20 Displays current setting for LOW PEEP/CPAP PRESSURE alarm

LO EXH TV LITERS Displays current setting for LOW EXHALED TIDAL VOL alarm

LO EXH MV Lpm Displays current setting for LOW EXHALED MINUTE VOL alarm

HI RSP RT BPM Displays current setting for HIGH RESPIRATORY RATE atarm
N
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Table 2-2. Window Messages and Their Meanings (Continued)

OVERRIDE—ENTER

’/EST Messages (See Chapter 5 for addltional messages pertaining to self-test procedures.) )
Message Meaning
START EST ENTER Asks the operator to verify that EST Is to be run
PAT TUBING OFF Asks the operator to verify that the patient is disconnected from the ventilator
QUICK EST Prompts the operator to verify that Quick EST (QUEST) is to be run
- TOTAL EST Prompts the operator 1o verify that Total EST (TEST) is to be run
EST COMPLETE Indicates that a seif-test detected a noncritical error
EST FAIL Indicates that a self-test detected a critical error
EST PASS Indicates that a self-lest detected neither critical nor noncritical errors

Prompts the operator to override an EST COMPLETE or EST FAIL state
(consult institutional protocol)

I:E Ratio Check Messages

Message

Meaning

CHANGE PK F/TV FIRST

DECR RESP RATE FIRST

Appears when a change in respiratory rate setting caused an inappropriate
I:E ratio. Change the peak inspiratory flow or tidal volume settings before
making the respiratory rate change

Appears when a change in waveform, tidal volume, peak inspiratory flow or
plateau caused an inappropriate L:E ratio. Prompts the operator to decrease
the respiratory rate before making the change

Miscellaneous Messagas

Message

Meaning

INVALID ENTRY

APNEA VENTILATION
NEB DISCONNECT
WXYZ ERR

ERR WXYZ DO NOT USE

RUN EST-DO NOT USE

LOW AC POWER
SVO DUE TO LSP

AIRWAY PRESS DISCONN

REVIEW SIGH PARAMS

\

Parameter or alarm threshold selected Is out of its permissible range

Apnea was detected and apnea ventilation was invoked

Unusually large flow through nebulizer circuit was detected and nebulization
was automatically canceled

System error was detected during POST and ventilator is operating in Back
Up Ventilator mode. Have ventilator serviced as soon as possible

System error or fault was detected by Ongoing Checks. For system errors,
the message lasts a few seconds, then blanks as POST executes

Oceurs in conjunction with the [ERR WXYZ DO NOT USE] message. Ongo-
ing Checks detected a system error and initiated POST, but POST failed.
The ventilator is in back up ventilator mode and must be serviced

AC voltage to the ventilator has dropped below 90% of the rated value and
the ventilator is in back up ventilator mode

Ventilator is in safety valve open because both gas supplies to the ventilator
have been lost

Ventilator detected higher pressure at the Inspiratory pressure transducer
than expected, based upon the pressure sensed at the exhalation pressure
transducer; ventilator switched to disconnect ventilation. A possible cause
is disconnected patient tubing.

The <MANUAL SIGH> key was pressed but no sigh parameters

have been set. )

22300 A 9-90
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Utility Panel

The utility panel of the ventilator contains the power switch, EST but-
ton, alarm volume control, reset button, and a nine-pin connector. The
connector allows for signal cutput connection to an analog recorder or

remote nurse’s call,

Figure 2-7 shows the utility panel. Table 2-3 summarizes utility

panel functions.

EST button Power swifch
3
] /
7
Alarm o
voiume
conlrol \\\@ off o
4 :(] EST
- Reset
“ button
Output -
signal —
connector
—
Figure 2-7. Utility Panel
Table 2-3. Function of Ventilator Controls on the Wility Panel
N

-
Key, Indicator, or Display

Function

Alarm volume

Allows for adjusting the loudness of the audible alarm

EST  Allows for initiating either Quick Extended Self-Test {QUEST) or Total
Extended Self-Test (TEST); not accepted during famp test, apnea ventitation
or disconnect ventilation, or a safety valve open state
Power  Allows for turning the ventilator on and off
Reset  Allows for resetting the circuit breaker
Output signal  Provides analog signals of flow and pressure signals for a recording device
and connects to a remote nurse's call
- vy
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Normal Operation
Desctription of
Ventilator Breath Types

Mandatory Breath

The ventilator produces two breath types, mandatory and spontane-
ous. All ventilator modes are composed of these two breath types,
alone or in combination, as well as modifications of these types.

Amandatory breath is a positive pressure breath which can be initiated
by the operator, ventilator, or patient. The operator selects the
waveform, tidal volume, peak inspiratory flow, percentage of oxygen,
plateau (if desired), and respiratory rate for these breaths. Ventilator-
initiated breaths (Figure 2-8, Panel A) are delivered at a constant cycle
interval determined by the operator-selected value for respiratory rate.
Operator-initiated breaths are one-time events that occur when
<MANUAL [INSPIRATION> (Figure 2-8, Panel B} or <MANUAL
SIGH> is pressed. (These keys are honored at any time during the
normal breath cycle except during a mandatory inspiration.) Patient-
initiated breaths (Figure 2-8, Panel C) are delivered whenever patient
effort reduces the airway pressure below PEEP by an amount equalto
the operator-selected value for sensitivity.

The ventilator also delivers a special type of mandatory breath called
a sigh breath, which is specified by the sigh function. Sigh has four op-
erator-selectable parameters: sigh tidal volume, sigh high pressure
limit, sigh events per hour, and multiple sighs per sigh event.

PEEP s Pressure
Cycle interval ends —| Panel
A
Flow
. O
ke
Py
o]
8
=
2 Pressure
= anua |n3p|ratl0n —_— Panel
o N B
?
§ Flow
[a X
3
£
<
,PEEE' wam Pressure
Sensitivity I Panel
-] ’
o /g Flow

Time

Figure 2-8. Initiation of a Mandatory Breath
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Spontaneous Breath

Description of
Ventilator Modes

Airway pressure

pE EP EE

'///////////1
% OSOOUGNNNN

O TR

Inspiratory flow

Normal cycle interval
/77, Sigh cycle interval
2 Xnormal \\\\ Reset normal

cycle interval

Time

Figure 2-9. Characteristics of a Sigh Breath

The characteristics {peak inspiratory flow, waveform, plateau, and
oxygen composition) of a sigh breath correspond to those of amanda-
tory breath (see Figure 2-9). A sigh can be initiated by the operator or
the patientin any ventitatory mode. A ventilator-initiated sigh can occur
in any mode except CPAPR.

In general, the sigh cycle interval is equal to twice the normal cycle
interval. An exception exists when the apnea interval is less than twice
the normal cycle interval. In this case, the sigh cycie interval is termi-
nated and apnea ventilation takes effect.

Unless sigh tidal volume has been set to zero (which turns off the
sigh function), one sigh tidal volume is delivered each time the < MAN-
UAL SIGH > key is pressed. Sigh breaths cannot be delivered unless
sigh parameters have been set via <AUTOMATIC SIGH >

A spontaneous breath is always initiated by the patient. In aspontane-
ous breath the flow of inspiratory gas and the tidal volume are deter-
mined solely by patient effort. However, the operator selects the oxy-
gen composition, using the O»>% parameter. In addition, operator set-
tings for PEEP and sensitivity determine the airway pressure level at
which gas flow is triggered.

The 7200ae Ventilator offers three ventitatory modes — Continuous
Mandatory Ventilation, Synchronous Intermittent Mandatory Ventila-
tion, and Continuous Positive Airway Pressure. These modes deter-
mine the type of breath and sequence of breaths to be delivered.

Ventilator options modify the three basic modes of ventilation pro-
vided with the 7200ae Ventilator. Theory and operating instructions are
provided in the option’s appendix.

216
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Operation During
CMV Mode

Continuous Mandatory Ventilation {(CMV): During CMV, all
breaths are mandatory. They may be either ventilator-, operator-, or
patient-initiated.

Synchronous Intermittent Mandatory Ventilation (SIMV):
During SIMV, breaths may be either mandatory or spontaneous. Man-
datory breaths may be ventilator-, operator-, or patient-initiated; spon-
taneous breath are patient-initiated.

Continuous Positive Airway Pressure (CPAP): During CPAF, all
breaths are spontaneous, except for operator-initiated mandatory
breaths (both normal and sigh) and patient-initiated sigh breaths (with
the automatic sigh feature).

Table 2-4 shows the breath types available in each mode.

Table 2-4. Breath Types for Each Mode

4 oy | simv | cpap h
Ventilator-initiated mandatory (VIM) Yes | Yes | No
Patient-initiated mandatory (PIM) Yes | Yes | Yes (automatic

sigh only)
Operator-initialed mandatory {OIM) Yes | Yes | Yes
Spontaneous No | Yes | Yes
- J

Figure 2-10 illustrates the types of breaths possible during CMV: venti-
lator-, operator-, and patient-initiated. In the absence of operator or
patient initiation, the ventilator delivers a mandatory breath at the end
of the cycle interval (events labeled “a”), calculated from the set respi-
ratory rate. The following formula illustrates this calculation:

Cycle interval = 1 minute (60 seconds)

respiratory rate (number of breaths per minute)

A patient may breathe more frequently than the set respiratory rate
by producing inspiratory efforts sufficient to trigger a PIM breath prior
to the end of the CMV cycle interval (e events). An insufficient ins-
piratory effort (event d) has no effect on the normal delivery of VIM
breaths. A PIM breath resets the cycle interval.

An operator-initiated manual inspiration or manual sigh may be de-
livered at any time during the cycle interval except during a mandatory
inspiration. Delivery of an operator-initiated mandatory breath (event
c¢) automatically resets the cycle interval as shown in Figure 2-10. De-
pending on the conditions that triggered the sigh breath, the sigh will
either be ventilator-inittated (event b) or patient-initiated (event f).

22300 A 9-90
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Inspiratory
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e = PIM breath
Time t = patient-
initiated sigh

Figure 2-10. Initiation of Different Types of Mandatory Breaths During CMV

Operation during
SIMV Mode

During SIMV, breaths may be mandatory or spontaneous and are syn-
chronized to patient effort. Whether a patient-initiated breath is manda-
tory or spontaneous depends on where the patient effort occurs during
the SIMV cycle. The SIMV cycle is composed of two phases: the pa-
tient-initiated mandatory (PIM) phase and the spontaneous phase
(see Figure 2-11).

In the PIM phase, a patient-initiated inspiration (event a) results in a
synchronized, PIM breath. After the breath is delivered, the PIM phase
of the cycle ends and the spontaneous phase begins. Any inspiratory
effort by the patient sufficient to trigger an inspiration during the spon-
taneous phase results in a spontaneous breath (b events). With the
completion of the spontaneous phase, the SIMV cycle ends. The next
cycle begins in a new PIM phase.

For example, if the respiratory rate is setto 12 bpm (a cycle interval of
5 seconds), a PIM could occur at any point in that interval. Once the
patient has initiated a mandatory breath, the ventilator allows sponta-
neous breathing as often as desired for the remainder of the interval.

If no PIM breath is delivered during the PIM phase, the spontaneous
phase does not begin and the PIM phase continues 1o the end of the
cycle. A ventilator-initiated mandatory breath (VIM) is delivered at the
start of the next SIMV cycle and another PIM phase begins. (See
Figure 2-11 and Figure 2-12.) if no PIM breath occurs during that PIM
phase, the next cycle begins again with another VIM breath. However,
if the patient initiates a mandatory breath during the PIM phase, the re-
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Airway
pressure

Inspiratory
flow

mainder of the cycle interval continues in the spontaneous phase. The
next SIMV cycle begins in a PIM phase.

~— PiM phase —

PEEP

Sensitivity

X

SIMV cycle
-— Spontaneous phase —+|

Time

Figure 2-11. Breath Patterns During SIMV, Adequate Inspiratory Effort

Alirway pressure

Flow

SIMV cycle =

SIMV cycle

SIMV cycle repeat

"~ pIM phase repeat

a = patient-initiated
inspiration

b = patient-initiated
spontaneous breath

60

SIMV cycle

(in seconds)

SIMV RESPIRATORY RATE

VIM

SIMV cycle —

Spontaneous phase

— —— - Inspiratory threshold

Figure 2-12. Breath Patterns During SIMV, Inadequate Inspiratory Effort

When the patient discontinues initiation of mandatory breaths dur-
ing the SIMV cycle, the total time between the last successful patient-
inittated mandatory breath and the ventilator-initiated mandatory
breath may approach two SIMV cycleintervals. As aresult, if the respi-
ratory rate is set to 2 bpm or less, and the patient ceases initiating

22300 A 9-90
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- -CMV cycle-| ————

T

Airway pressure

Flow

Change’to SIMV
Press <MANUAL INSPIRATION >

spontaneous breaths, a period exceeding the apnea interval (a maxi-
mum of 60 seconds) may elapse between breaths. This would cause
the ventilator to detect apnea and begin apnea ventilation.

! WARNING - Itis important to be attentive to the current settings

for apnea parameters so they are appropriate for the patient. The ap-
| nea interval should be based on what the practitioner considers to
| be anunsafe period between breaths. Note that if the apnea interval
L| exceeds twice the SIMV cycle, the ventilator may not detect apnea
| because ventilator breaths would be delivered before the apnea in-
[l terval passes.

After a change from CMV to SIMV, the ventilator automatically be-
gins the timing for the first SIMV cycle. Time remaining from the pre-
ceding CMV cycle is ignored.

this additional time is likely to cause the ventilator to declare apnea
and possibly apnea ventilation, press < MANUAL INSPIRATION > af-
ter the ventilator enters the SIMV mode. This causes the ventilator to
deliver an operator-initiated mandatory breath and simultaneously
sets the first SIMV cycle. This situation is illustrated in Figure 2-13.

-
st SIMV cycle —t+——2nd SIMV cycle —-——3rd SIMV cycle

Time

Figure 2-13. Resetting the Cycle Interval When Changing from CMV to SIMV

Operation During
CPAP Mode

Delivery of a
Mandatory Breath

During CPAP, patients are assumed to be breathing spontaneously ata
rate sufficient to meet their ventilatory requirements. To supplement
patient effort, the operator may select <AUTOMATIC SIGH>,
<MANUAL SIGH >, or < MANUAL INSPIRATION > . In general, these
breaths are honored in the CPAP mode at any time during the cycle
interval. If the high pressure limit is exceeded during a manual inspira-
tion, triggering the HIGH PRESSURE LIMIT atarm (or if the sigh high
pressure limitis exceeded during a sigh inspiration), breath delivery is
terminated immediately.

Figure 2-14 shows how the pneumatic systemworks during a manda-
tory breath.

Current settings for waveform, tidal volume, peak inspiratory flow,
and O>% are used to calculate the gas flow for the specitied breath.
The setting for respiratory rate determines the minimum frequency of
breathing and the cycle interval. When gas flow is initiated or termi-
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nated by the opening and closing of the proportional solenoid valves,
the delivered flow is monitored and converted to a volume measure-
ment at body temperature and pressure and 100% saturation with hu-
midity (BTPS). (Accuracy of the BTPS calculation assumes that the
gas leaving the patientwye is 100% humidified at37° C.) Microproces-
sor electronics controls delivered flow by comparing actual flow with
desired flow and adjusting the proportional solenoid valves if any dis-
crepancies between actual and desired flows exist.

Air
r* Microprocessor Electronics = == == === == T pe— "l ————— Preumatic System ';
|
| l I 1 I l
| . . [ . } I
B Air Flow Air Flow > Alr |
! O_' Controller bl Sensor PSOL I
! + b |
; ! f |
Mandatory N
Patient

: Breath Modute b i
] + | : |

Q5 Flow I Q. Flow 0 |
E Keyboard [nput O_b Cozntrolier Eo Szensor | PS?JL |
i card [npu a b I
: Waveform b | |
| <TIDAL VOLUME > L L _ _ !
| <RESPIRATORY RATE > i - B
I <02%> t

02

| I
L o e e vor e o s i T s e e J

Figure 2-14. Pneumatic System in a Mandatory Breath

As shown in Figure 2-15, each mandatory breath is corrected for
compliance of the patient circuit by adjusting peak inspiratory flow.
Compliance volume is added to each delivered tidal volume. This vol-
ume is obtained by multiplying a compliance value by the average
peak airway pressure of the last four mandatory breaths. The com-
pliance value is calculated during EST. This compliance volume cor-
rection ensures that the patient receives the operator-selected BTPS
corrected tidal volume.

Tubing Component

Patient Component
Inspiratory flow

Time

Figure 2-15. Compensation for Compliance Volume During the
Delivery of a Mandatory Breath
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The exhalation valve ensures gas delivery by sealing the exhalation
port during inspiration. As shown in Figure 2-16, the valve opens for
exhalation when opening force (based on Py, airway pressure) is
greater than closing force (based on Pg,, exhalation valve pilot
pressure). In Figure 2-16, D,y and Dg, are distances used to calculate
area ratio during EST.

The exhalation valve is also the source of the arearatio value, which
is used in calculations for breath delivery. During EST, afixed pressure,
Paw, is measured, The ratio of these two pressures is the area ratio val-
ue. The ratio of the distances D,,, and Dy, ,shown in Figure 2-16, ap-
proximates the area ratio.

I Pey

S Nens

3

Explratory
flow

Forcegpen = Paw X 8r€@pay FOICEeipse = Pey X al€apey

If Paw = Pg, then forcegpen < forCeginse

If forcegpen = fOICBg1ose then Pay Xaredpay = Pey X areadpey
Paw _ @reapey, _ area

Poy  areapgy  ratio

Figure 2-16. Cross Section of the Internal Exhalation Valve

As shownin Figure 2-17, amandatory breath is terminated when the
desired volume has been delivered (panel A, event a) or when the high
pressure limit is reached (Panel B, event b). Exhalation is initiated
when either of these events occurs. Exhalation occurs by venting the
exhalation valve to the PEEP level. This level equals atmospheric pres-
sure when PEEP equals zero cmH»0. A check valve prevents backflow
through the inspiratory limb of the patient circuit. During normal opera-
tion, PEEP exhalation valve pressure is supplied by air rather than oxy-
gen (unless air supply is lost and only oxygen is available).

Ifyou have selected plateau (an inspiratory pause), cessation of ins-
piratory flow does not immediately trigger exhalation. Instead, exhala-
tion is delayed for the selected plateau interval (Figure 2-17, Panel C,
event c). Plateau is considered an extension of inspiration. If the high
pressure limit is reached during a plateau, then both inspiration and
plateau are terminated and exhalation begins.

2:22
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Delivery of a
Spontaneous Breath

Pressure
A
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a = tidal volume delivered Time
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¢ = plateau interval

Figure 2-17. Termination of a Mandatory Breath

Figure 2-18 illustrates how the pneumatic system works during a
spontaneous breath.

Compare Figure 2-14 and Figure 2-18. Note that for mandatory
breaths, flow, waveform, and time, are controlled. For spontaneous
breaths, airway pressure is controlled and maintained within narrow
limits by adjusting flow.

22300A 9-80
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Figure 2-18. Pneumatic System in a Spontaneous Breath

Figure 2-19 shows that when patient effort reduces airway pressure
below PEEP by an amount equal to sensitivity (event a), flow is trig-
gered. Microprocessor electronics maintains airway pressure be-
tween the amount of the triggering pressure and a value which is 1
cmH>0 below it. When airway pressure exceeds PEEP by approxi-
mately 1 cmH»0 (event b), the exhalation valve is unseated to PEEP,
and exhalation occurs. A spontaneous breath cycle terminates when
the next breath occurs.

Inspired volume

0

— Inspiration ——|—— Exhalation .
_____ . Expiratory flow

Inspiratory flow

Airway pressure \
PEEP

1 emH>0 control band
Time

a = airway pressure decreased by sensliiivity

b = airway pressure exceeds PEEP by ~1 cmH>0

Figure 2-19,. Pressure, Flow, and Volume During a
Spontaneous Breath
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Calculation of PEEP
and Breath Delivery

Nebulization

The accuracy of the PEEP value is important for proper breath delivery.
The inspiratory threshold, the pressure atwhich the pneumatic system
is activated to deliver a breath, is equal to PEEP minus the sensitivity
setting. Therefore, if PEEP is incorrect, breath delivery may be trig-
gered inappropriately.

PEEP is calculated by multiplying area ratio by the pressure on the
ventilator side of the exhalation valve (P, in Figure 2-16). The areara-
tio value used in determining PEEP is obtained during EST. See Chap-
ter 5 for more complete information on performing EST procedures.

Nebulization occurs only during an inspiration and lasts a maximum of
30 minutes. No nebulization occurs during plateau or when flow to the
patient is less than 10 Lpm.

!l WARNING - The nebulizer requires approximately 10 Lpm of
|| flowto ensure reliable operation. Therefore, if you select any combi-
| nation of peak inspiratory flow and Oo% that would yield less than 10

Lpm through the solenoid supplying the nebulizer circuit, micropro-
cassor electronics senses the low flow and deactivates the solenoid
supplying the nebulizer. The light on the nebulizer key,
| however, will remain ilfluminated.

While a breath is being delivered, high pressure air or oxygen is di-
verted through the nebulizer circuit. The air or oxygen proportional so-
lenoid valves close slightly to compensate for this extra volume of gas
going to the patient through the circuit. The ventilator determines the
gas source to be diverted based on the predominant gas flow. If the
0,% is 60 or greater (that is, whenever oxygen flow is equal to or
greater than airflow), oxygenis diverted to the nebulizer. Otherwise, air
is diverted.

If the value for peak inspiratory flow through the solenoid supplying
the nebulizer circuit is only slightly greater than 20 Lpm during the
mandatory breath, the duration of nebulization will depend on the
waveform. When the square wave is selected (Figure 2-20, Panel A),
nebulization will last for the entire breath, excluding any plateau pe-
riod. When descending ramp or sine wave is selected (Panels Band C,
respectively), nebulization will last only for the interval during which the
projected flow from the gas source supplying pressure to the nebulizer
circuit exceeds 10 Lpm. Once selected, nebulization remains on for 30
minutes, then automatically cancels. it can be canceled manually be-
fore 30 minutes have elapsed.

If either one of the gas supplies falls below the minimum operating
pressure (35 psig for wall gas, 7.5 psig for the compressor pedestal),
nebulization is suspended until at least the minimum operating pres-
sure is restored.

Nebulization is automatically suspended in case of apnea ventila-
tion or disconnect ventilation.

2230CA 9-90

2-25



Humidification System
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Figure 2-20. Duration of Nebulizer at Low Peak
Inspiratory Flows

The ventilator will accept any plug-compatible humidifier with a rating
of 230 watts or less. Since the 7200ae Ventilator does not control the
humidifier circuit, it is important that any humidifier used has its own
temperature control mechanism, display, and alarm.

| WARNING - irpower consumption is greater than 230 watts, the
ventifator’s circuit breaker may open and interrupt power. If this
happens, the ventilator goes into Safety Valve Open, the patient
|| breaths room air unassisted by the ventilator, and a power
il disconnect alarm triggers.

The ventitator calculates spirometry based on assumptions that the
exhaled gas is 37 C° and saturated with 100% relative humidity at the
patient wye. Discrepancies in spirometry readings may arise if condi-
tions do not match these assumptions, especially if a heated humidi-
fier is not used, or is not allowed sufficient warm-up time.

NOTE - For the most accurate spirometry readings, use a heated hu-
midifier, like the Cascade Series Humidifiers.

2-26
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Displayed Patient and
Ventilator Data
and Calculations

Volume Calculations

Microprocessor electronics uses signals from flow, pressure, and tem-
perature sensors (both inspiratory and expiratory) to calculate and dis-
play volumes, pressures, respiratory rate, and [.E ratio. All the dis-
played values reflect patient data and ventilator status. The calcula-
tions are described below.

Information from both the pneumatic and patient service systems is
used to determine the end of inspiration (beginning of exhalation) and
the end of exhalation (beginning of inspiration). When the ventilator de-
termines that inspiration has ended, it begins integrating exhaled flow.
Integration continues until the start of a new breath cycle. When a new
inspiration is detected, integration stops, the value is stored as ex-
haled tidal volume (uncorrected for BTPS or compliance volume), and
is used in spirometric calculations. The integration of exhaled flow is
automatically set to zero. This applies to both mandatory and sponta-
neous breaths.

The ventilator declares the end of inspiration differently depending
on the type of breath delivered. During a mandatory breath, the end of
inspiration is defined as either 1) the time at which the operator-
selected tidal volume has been delivered or 2) the time at which airway
pressure is greater than the high pressure limit, even ifthe tidal volume
has not yet been delivered. When the exhalation flow sensor detects a
flow greater than 2 Lpm after the end of inspiration, itbegins integrating
flow.

When plateau is selected for a mandatory breath, the resulting ins-
piratory pause is considered part of the delivery of a breath. Therefore,
for a breath which includes a plateau, inspiration does not terminate
until the end of the plateau. However, the ventilator may terminate the
inspiration period prematurely if the HIGH PRESSURE LIMIT alarm is

triggered.

During a spontaneous breath, microprocessor electronics checks
for the end of inspiration based on whether airway pressure increases
beyond PEEP by 1 cmH»0.

NOTE - On the Basic keyboard, the exhaled volume displayed by the
analog meter equals the total exhaled volume without adjustment for
compliance volume and without correction to BTPS. Therefore, ex-
haled volume on the analog meter and tidal volume in the digital dis-
play may differ. The amount of discrepancy between these values de-
pends on peak airway pressure, compliance of the patient circuit, tem-
perature of exhaled gas, and ambient barometric pressure.

Tidal Volume: The BTPS-corrected value for exhaled tidal volume
appears in the liters digital display window. Itis an eight-breath running
average for mandatory breaths. If a breath is not within 50 mi of the av-
erage of the volume for the eight mandatory breaths, the display
shows only the current breath volume, not an average. Tidal volume for
spontaneous breaths is always displayed, regardless of the average. it
is updated and displayed at the end of each exhalation.

22300 A 5-90
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Airway Pressure Calculations

Miscellaneous Calculations

Minute Volume and Spontaneous Minute Volume: The mandatory
and spontaneous exhaled volume data displayed are based on an
eight-breath projected running average or a one-minute sample,
whichever occurs first. The mandatory minute volume and spontane-
ous minute volume are calculated separately at the end of each breath
cycle. Both minute volumes display at the completion of abreath cycle.

In calculating airway pressures, microprocessor electronics measures
the airway pressure in the patient service system at discrete times. By
taking these measurements frequently, microprocessor electronics
receives a nearly continuous signal from the pressure transducers.

Mean Airway Pressure: The airway pressure averaged over all
measurements made during an entire breath cycle (inspiration and ex-
halation) for mandatory and spontaneous breaths. Mean airway pres-
sure is updated and displayed at the end of each subsequent breath
cycle. Itis blanked whenever the ventilator is turned on. Only positive
values of mean airway pressure are recorded. Negative values are re-
ported as zero.

Peak Airway Pressure: The maximum airway pressure measured
in the patient service system during a mandatory breath. Peak airway
pressure is updated and displayed at the end of each inspiration. Itis
blanked during CPAP after < ALARM RESET > is pressed until the next
mandatory breath.

PEEP/CPAP: The pressure applied to the ventilator side of the exha-
lation valve multiplied by the area ratio (see Figure 2-16). The PEEP/
CPAP pressure is displayed on a continuous basis.

Plateau Pressure: The average of the last four pressure sample
measurements made during plateau. Plateau pressure is displayed at
the end of each plateau.

The PLATEAU PRESSURE digital display is blanked when the pla-
teau interval is 0 seconds.

Rate (bpm): The average of the rate of breathing calculated for a pa-
tient’s previcus 10 breaths, regardless of breath type. The calculation
is updated and displayed at the end of each exhalation. The respiratory
rate is blanked when the ventilator is turned on.

I:E Ratio: Available for display in the RATE/l:E window as 1:X.X. The
term X.X is calculated by dividing the time for exhalation by the time for
inspiration:

X.X =,_TE_.,_

Therefore, the L:E ratiois 1:X.X. The exhalation time, E, is calculated
by subtracting the inspiratory time, 1, from the total cycle interval meas-
ured from the beginning of inspiration to the end of exhalation.

I:E ratio is calculated for mandatory breaths only and is displayed at
the end of each breath cycle. During CPAP, the |:E ratio is retained from
the last mandatory breath delivered; if < ALARM RESET > is pressed,
the display is blanked until the next mandatory breath. During SIMV or
CMV, the |:E ratio may vary even though ventilator settings are un-
changed if the patient triggers a breath during exhalation.
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Analog Meter

Breath-Type Indicators

Safety Features
Self-Diagnostics

Airway pressure (cmH»0): The pressure measured in the patient
service system and displayed continuously during a breath cycle.

Exhaled Volume {liters): (Available only in the Basic keyboard.) The
continuous integration of the total flow through the exhalation flow sen-
sor, uncorrected to BTPS. The displayed volume includes that volume
exhaled by the patient and, during mandatory breaths, that delivered
by the pneumatic system to compensate for the compliance volume of
the patient service system. A

The ASSIST indicator illuminates during a patient-initiated mandatory
inspiration and cancels at the beginning of exhalation. The SPONTA-
NEQUS indicator illuminates whenever the patient initiates a sponta-
neous inspiration and cancels at the beginning of exhalation. The
SIGH indicator illuminates at the beginning of a sigh breath and can-
cels atthe beginning of the next non-sigh breath. The PLATEAU indica-
tor illuminates when plateau begins and cancels when plateau ends.

The self-diagnostics include Power-on Self-Test (POST), Quick Ex-
tended Self-Test (QUEST), Total Extended Self-Test (TEST), and Lamp
Test. The self-tests are under microprocessor control and, with the ex-
ception of QUEST and TEST, require minimal involvement on the part
of the operator. These tests can indicate what may be faulty with the
ventilator. Use the ventilator's self-diagnostics to determine whether
the ventilator is operational before using it on a patient. A qualified
service technician should do any troubleshooting if the ventilator is
nonoperational.

Power-On Self-Test (POST): A series of tests, lasting about 5 sec-
onds, that check microprocessor electronics. If POST detects anerror,
it halts and puts the ventilator into back up ventilator mode. Back up
ventilator mode activates audible and visual alarms and displays the
window message, [RUN EST—DO NOT USE]. If POST detects no er-
rors, and the operator has not pressed the < EST > button to initiate a
self-test, the ventilator automatically begins operating.

WARNING — When POST is running, the safety valve is open and
the patient breaths room air unassisted by the ventilator.

Quick Extended Self-Test (QUEST): A 1-1/2 minute test that exe-
cutes 26 of the approximately 60 test sequences run during TEST.
QUEST tests battery-backed memory, cross-checks the differential,
absolute, and PEEP pressure transducers, leak-tests the patient serv-
ice circuit, and calculates the compliance of the patient service system
and the area ratio of the exhalation valve. QUEST should be performed
whenever the patient service circuit is changed.

Total Extended Self-Test (TEST): a 3 to &5 minute test that executes
over 60 test sequences. TEST provides a thorough testing of the venti-
lator's microprocessor electronics and pneumatic system, including
the proportional solenoid valves, the compressor pedestal, and the
nebulizer circuit. In addition, it calculates the compliance of the patient
service system (for use in determining the compliance volume com-
pensation during the delivery of a mandatory breath). It also detects
leaks in the patient service system. TEST should be performed before
each new patient is placed on the ventilator.
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WARNING — NEVER INITIATE EST WHILE A PATIENT IS CON-

NECTED TO THE VENTILATOR. The 7200ae Ventilator cannot be
| used for ventilatory support while QUEST or TEST is running be-
[| cause it does not function as a normal ventilator during these tests.
(| In addition, some of the procedures that are performed during EST
| require airway pressures or gas flows that may injure a patient
il connected to the ventilator.

POST runs at the beginning of QUEST and TEST. If the ventilator
passes POST, QUEST (or TEST) runs three tests to determine whether
a patient is connected to the ventilator. These tests must pass before
the respective QUEST (or TEST) sequences begin. If any test in
QUEST (or TEST) is failed, an explanatory error message appears in
the message window.

Refer to Chapter 5 of this manual for details on running QUEST and
TEST.

Lamp Test: Checks all keyboard display panel lamps in six group-
ings. In addition, lamp test checks the audible alarm, the remote
Nurse’s Call, and the analog signal outputs. Lamp test takes 40 sec-
onds tc complete. Itis recommended that lamp test be runin conjunc-
tion with both QUEST and TEST. During lamp test, an alarm state only
triggers the audible alarm; visual indicators may not be available. The
<ALARM SILENCE > key is also inactive. Lamp test automatically
cancels when any key is pressed, or under the following emergency or
alarm conditions:

¢ apnea ventilation

¢ disconnect ventilation

¢ back up ventilator

¢ VENTILATOR INOPERATIVE and SAFETY VALVE OPEN
¢ nebulizer disconnect

¢ power disconnect

For all other alarms or emergency states, the audible alarm will
sound and lamp test will continue to run. Neither the individual alarm
indicator nor ALARM in the alarm summary display will flash. Any ef-
fects on ventilation that are normally associated with the detection of
the alarm or emergency state (for example, termination of amandatoty
breath when a HIGH PRESSURE LIMIT alarm is triggered) will occur if
an alarm is detected during lamp test.
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Ongoing Functional Checks

Additional checks take place during normal ventilation without opera-
tor intervention: I:E Ratio Check, Nebulizer Flow Check, and Ongoing
Checks.

I:E Ratio Check: A check made by microprocessor electronics after
any change in the operator-selected parameters (tidal volume, respi-
ratory rate, peak inspiratory flow, plateau, or waveform). The |.E Ratio
Check ensures that the calculated duration of the inspiration is less
than 75% of the cycle interval. The check calculates the duration of the
inspiration and compares this to the cycle interval, as determined from
the respiratory rate. If the calculated duration of the inspiration takes
up 76% (I:E = 1:0.3) or more of the total cycle interval, the ventilator
will reject the newly selected value. Prompts will appear in the mes-
sage window instructing the operator to make changes in the appro-
priate parameters to yield an inspiratory period which is less than 75%
of the total cycle interval.

Nebulizer Flow Check: A check made by microprocessor electron-
ics to determine that the flow of gas through the nebulizer valve is not
excessive. The check is made every eight breaths. A nebulizer check
operates as described below:

1. The nebulizer valve is ieft open for 20 to 40 milliseconds.

2. Theflowthroughthe nebulizer valve is measured. When measured
flow exceeds maximum rate, Nebulizer Disconnectis declared; the
nebulizer function is suspended and [NEB DISCONN] appears in
the message window.

Ongoing Checks: These checks routinely monitor the ventilator for
system faults and system errors during operation. Faults are condi-
tions that jeopardize the ventilator’s ability to control the delivery ot gas
to the patient. Examples of system faults are out-of-range or inconsis-
tent readings from the proportional solenoid valves, flow sensors, and
the pressure transducers, and readings from the gas supply circuitry
indicating that the ventilator is being supplied simultaneously from
both air sources (wall and compressor).

When the Ongoing Checks detect a system fault, the ventilator
ceases to operate, and the safety valve opens; the patient breathes
room air, unassisted by the ventilator. Both SAFETY VALVE OPEN and
VENTILATOR INOPERATIVE illuminate in the alarm summary display
andthe audible alarm sounds. The ventilator must be serviced before it
is used again. If a system fault occurs before POST is run, the ventilator
also goes into SAFETY VALVE OPEN state.

System errors are conditions that do not necessarily jeopardize the
ability of the ventilator to control the delivery of gas. When the Ongoing
Checks detect a system error, POST runs and the safety valve opens
during the test. (If the ventilator’s memory records three system errors
in a 24-hour period, the ventilator initiates the back up ventilator mode
and activates audible and visual alarms.) If the ventilator passes POST,
it automatically resumes normal operation using the current settings. If
the ventilator fails POST, it enters the back up ventilator mode. BACK
UP VENTILATOR illuminates in the alarm summary display and the
audible alarm sounds.

See Table 2-5 for an overview of the self-tests and ongoing checks.
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Table 2-5. Overview of Self-Tests and Ongoing Checks

( Test How What Hapg_ens if the Operator Responses if the N
Invoked Ventilator Fails Test Ventilator Fails Test
POST e At initial power-on Goes into back up ventilator Have ventilator serviced;
e After any power mode (BUV) provide alternate ventilation
interruption
o When Ongoing Checks
detect a system error
e Beginning EST
QUEST Press <EST> button (and Ventilator displays EST FAIL or Have ventilator serviced or
or follow the prompits) EST COMPLETE. Conditional override EST COMPLETE
TEST ventilation (that is, ventilator is
not operating normally but can
be used if institutional protacol
permits} begins only when
either state is overidden
LAMP Press <LAMP TEST> Faulty indicators or dispiays will Have faully indicators,
TEST and <ENTER> not illuminate; audible alarm displays, or audible alarm
will not sound replaced
Ongoing Routinely during normal If a fault Is detected the ventila- Have ventilator serviced;
Checks operation tor goes into VENTILATOR INOP- provide alternate ventilation
ERATIVE (SAFETY VALVE
OPEN). If a system error is de-
tected, the ventilator runs POST,
opens ihe safety valve and tries
to recover. If it cannot recover,
the ventilator goes into BUV. Af-
ter detection of three system er-
rors, the ventilator goes into BUV
I'E Ratio Each time operator changes | Value for parameter is not ac- Change tidal volume, peak
Check tidal volume, respiratory cepted (the ventilator emits four inspiratory flow, plateau, or
rate, peak inspiratory flow, beeps) respiratory rate, as indi-
plateau or waveform cated by prompt
Nebulizer Continuously during Nebudizer circuit Is automatically Check nebulizer circuit for
Flow Check | nebuiization (every eighth turned off leaks/disconnect
\_ breath) N,
Alarms Audible and visual alarms notify the operator when the ventilator:

* operates outside the preset alarm thresholds (HIGH PRESSURE
LIMIT, LOW INSPIRATORY PRESSURE, LOW PEEP/CPAP PRES-
SURE, LOW EXHALED TIDAL (or MINUTE) VOLUMESs, HIGH RES-
PIRATORY RATE);

NOTE - The LOW PEEP/CPAP PRESSURE alarm may trigger based
on a criterion other than the programmed alarm limit (for example,
when 5 liters or more of flow is detected in a spontaneous inspiration).
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Power Disconnect Alarm

 senses problems with electrical power, source gas, or the patient
service system (LOW BATTERY, LOW PRESSURE AIR (or Oy) IN-
LET, EXHALATION VALVE LEAK, power disconnect), and

° requires operator intervention (APNEA, LE).

The alarm indicators take the form of colored ventilator status dis-
plays (VENTILATOR INOPERATIVE, VENTILATOR ALARM, CAU-
TION, BACKUP VENTILATOR, SAFETY VALVE OPEN, and NORMAL)},
12 individual red alarm lights, and an audible alarm.

In general, when an alarm threshold is reached, the ventilator
sounds the audible atarm (unless silenced) and flashes the VENTILA-
TOR ALARM display and appropriate indicator(s). When the alarm
condition is corrected, the ventilator deactivates the audible alarm and
steadily ilfluminates the CAUTION display and appropriate indicator(s).
All alarms in the VENTILATOR STATUS section except the LOW BAT-
TERY and I:E indicators behave in this manner.

The CAUTION display and steady alarm indicator remain fit after the
alarm condition is auto-reset to inform the operator that ventilator
alarms were activated previously but are no longer active. To clear
these displays, the operator must press the < ALARM RESET > key.

When a LOW BATTERY or I:E alarm condition occurs, the ventilator
steadily illuminates the corresponding alarm indicator but does not
sound the audible alarm or light the ALARM display. Each alarmresets
to a NORMAL display status.

Ventilator alarms may or may not affect ventilation. The following
alarms do not affect ventilation: LOW EXHALED TIDALVOL, LOWINS-
PIRATORY PRESSURE, LOW EXHALED MINUTE VOL, LOW PEEP/
CPAP PRESSURE, HIGH RESPIRATORY RATE, APNEA, EXHALA-
TION VALVE LEAK, LOW BATTERY and LE. (In CPAP only an APNEA
alarm triggers initiation of apnea ventilation}.

These alarms may affect ventilation: HIGH PRESSURE LIMIT, LOW
PRESSURE O» INLET, and LOW PRESSURE AIRINLET. The existence
of a HIGH PRESSURE LIMIT alarm causes a mandatory inspiration to
terminate and initiates exhalation. The LOW PRESSURE AIR (or Oy)
INLET alarms prompt the ventilator to switch over to an alternate gas
source of adequate pressure or, if there is no alternate source, places
the ventitator in a SAFETY VALVE OPEN state.

The power disconnect alarm monitors both the position of the ventila-
tor's power switch and the AC power to the ventilator. If the switch is in
the ON position and AC power is not being delivered to the ventilator
(for example, due to an accidentally disconnected power cord or a
tripped circuit breaker), the audible alarm sounds. The safety valve
opens and the patient breaths room air unassisted by the ventilator.
When the power switch is moved to the OFF position or when power is
restored to the ventilator, the power disconnect alarm ceases. See the
Back up Ventilator section in this chapter for information on ventilator
function when AC power is low.

Table 2-6 and Table 2-7 list the conditions that trigger and auto-reset
the alarms.
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Table 2-6. Conditions that Trigger and Auto-reset 12 Individual Alarm Indicators

/AEarm

Condition that Triggers It

Condition that Aulo-rasets It

HIGH PRESSURE LIMIT

Patient circuit peak alrway pressure is
greater than the set limit

Patient circuit peak airway pressure
during next inspiration fell below the
set Hmit

LOW EXHALED TIDAL VOL
(disabled if set to 0)

In CMV: Value for the four-breath run-
ning average for the mandatory breath
Is less than the set minimum

In SIMV and CPAP; Voiume for the four-
breath running average for the sponta-
neous breaths is less than the set
minimumn

In CMV: Value for the four-breath run-
ning average for the mandatory
breath is greater than the set mini-
mum

In 8iMV and CPAP: Volume for the
four-breath running average for the
spontaneous breaths is greater than
the set minimum

Disconnect and apnea ventilatio can
also reset this alarm

LOW PRESSURE Oj
INLET

Pressure at the oxygen inlet fitting is
less than 35 psig and the 0»% setting is
22 or greater '

Inlet oxygen pressure is greater than
the required amount for at least 3
seconds or O is setto 21% by the
operator

LOW INSPIRATORY
PRESSURE

Peak airway pressure is less than the
set minimum for one complete manda-
tory breath cycle

Resets at the start of the next man-
datory inspiration; to avoid reactiva-
tion, peak airway pressure rmust be
greater than the set limit for 0.1 sec-
onds ar more

LOW EXHALED MINUTE
VOL (disabled if set to 0)

All minute volumes based on an
eight-breath projected running total or
on a one-minute sample, whichever
comes first

Sum of minute volume for mandatory
and spontaneous breathes is less than
the set minimum

Sum of minute volume for mandatory
and spontaneous breaths is greater
than the set minimum

LOW PRESSURE AIR INLET

Pressure at the alr inlet Is equal to or
less than 35 psig when connected to
wall air or when compressor pressure is
less than 7.5 pslg

Wall air inlet pressure is greater than
35 psig or compressor pressure is
greater than 7.5 psig when using the
COmpressor

LOW PEEP/CPAP
PRESSURE (disabled if set
to 0)

Airway pressure is equal to or less than
the set minimum for longer than 1 sec-
ond or 5 liters detivered in spontaneous
breathing

Airway pressure exceeds the set
minimum for 1 second, or patient in-
itiates exhalation

HIGH RESPIRATORY RATE
(disabled if set at 0)

N

Breath rate for the 10-breath running av-
erage Is greater than the set maximum

Breath rate for the 10-breath
running average is less than the set
maximum

/

2-34

22300 A 8-90



Table 2-6. Conditions that Trigger and Auto-reset 12 Individual Alarm Indicators (continued)

(A|arm Condition that Triggers H Gondition that Auto-resets It h
LOW BATTERY Voltage of the internal batterles Is too Voltage of the internal batteries is suf-
tow to sustain 1 hour of audible alarm ficient to sustain at least 1 hour of
and battery-backed memory audible alarm and battery-backed
memory
APNEA No exhalation detected during apnea The beginning of the breath after the
interval pneumatic system delivers two suc-
cessive patient-initiated breaths trig-
gered by the airway pressure reach-
ing the inspiratory threshold. Each
breath must return at least 50% of
the tidal volume delivered.
(3 Duration of a mandatory inspiration (in- Buration of a mandatory inspiration
cluding plateau time) is more than 50% | (including plateau time) is equal to
of the duration of the complete breath or less than 50% of the duration of
cycie the complete breath cycle
EXHALATION VALVE LEAK The volume of gas detected through the | The volume of gas through the exha-
exhalation flow sensor during an inspira- | lation flow sensor during an inspira-
tion is greater than 10% of the delivered | tion is less than 10% of the delivered
volume or 50 mi, whichever js greater volume or 50 mi, whichever is greater
-
Table 2-7. Conditions that Trigger Emergency Modes, Warning Messages, and other Alarms
( " " N
Alarm/Emergency Mode Gondition that Triggers It Gondition that Auto-reseis It
Power Disconnect Power switch Is in "ON” position but no | Does not auto-reset. Must be manu-
AC power is delivered to the ventilator ally reset by moving the power
switch to “off,” or by restoring AC
power
Disconnect Ventilation Microprocessor electronics detects in- Does not auto-reset. Correct
consistencies between airway pressure, | problem and press <ALARM
PEEP, and gas delivery pressure in the RESET >
pneumatic system that indicates the pa-
tient service system is disconnected/
plugged
Apnea Ventilation Ventitator detects apnea and no LOW Resets in the same manner as the
INSPIRATORY PRESSURE alarm exists | apnea alarm
\_ (unless in CPAF) Y,
Emergency Modes Three emergency modes of ventilation support the patient when the
of Ventilation ventilator detects certain problem conditions. These modes are: ap-

nea ventilation, disconnect ventilation, and back up ventilator. The
ventilator automatically initiates these modes whenever it detects cer-
tain faults or system errors, or whenever certain alarms trigger. During
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apnea ventilation and disconnect ventilation, the ventilator continues
to operate, using the settings selected by the operator for apnea venti-
lation. During back up ventilator mode, factory-preset parameters are
used.

L WARNING — The PEEP/CPAP control is independent of micro-
processor electronics. For this reason, any change in the PEEP/
CPAP conirol setting becomes active immediately during apnea
ventilation, back up ventilator, and disconnect ventifation modes.
1| Because the displays may not function properly during these emer-
gency modes, the operator is unable to verify any PEEP setting
change and could unknowingly establish a setting which is poten-
tially injurious to the patient, It is recommended that the PEEP setting
[ not be aftered during an emergency mode of ventifation, exceptto
2 turn the knob completely counterciockwise to the zero PEEP level.,

Apnea Ventilation: Apnea ventilation activates whenever apnea is
declared (based on the operator-selected apnea interval) and, when
operatingin CMV or SIMV modes, no LOW INSPIRATORY PRESSURE
alarm exists. During apnea ventilation, the ventilator operates with op-
erator-selected settings for apneatidal volume, apnea respiratory rate,
apnea peak inspiratory flow, and apnea O, percentage. ALARM illumi-
nates in the alarm summary display and [APNEA VENTILATION] ap-
pearsinthe message window. Allkeyboard display panel keys are non-
operational, except < ALARM SILENCE > and <ALARM RESET >,

After the conditions that caused apnea are corrected, press
<ALARM RESET > to restore the ventilator to its pre-alarm state. The
patient can cause the ventilator to auto-reset by initiating two consecu-
tive inspirations, each of which returns 50% of the delivered tidal vol-
ume. (Normal ventilation begins after the beginning of the third breath
following two consecutive breaths.) See Table 3-8 for apnea ventilation
parameters.

Disconnect Ventilation: An emergency mode that activates when-
ever microprocessor electronics detects inconsistencies among air-
way pressure, PEEP, and the gas delivery pressure in the pneumatic
system. These may be caused by disconnected or plugged tubing.

When the ventilator enters disconnect ventilation, the ventilator op-
erates with the tidal volume, respiratory rate, peak inspiratory flow, and
oxygen percentage parameters set for apnea ventilation. Sensitivity is
not recognized during disconnect ventilation.

During disconnectventilation, the audible alarm activates (unless si-
lenced), ALARM illuminates in the alarm summary display, the HIGH
PRESSURE LIMIT alarm indicator illuminates, and [AIRWAY PRESS
DISCONN] appears in the message window. Disconnect ventilation
can be detected during both mandatory and spontaneous breathing.

<ALARM RESET> and <ALARM SILENCE > are the only keys
which operate during disconnect ventilation, After the condition that
causes disconnect ventilation is corrected, press <ALARM RESET >
to restore the ventilator to its pre-alarm state. Disconnect ventilation
does not auto-reset.

Back Up Ventilator (BUV): An emergency mode that activates
whenever POST detects an error or Ongoing Checks detect three sys-
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Safety Valve Open

tem errors within 24 hours, or whenever AC voltage falls below 90% of
the rated value.

Whenever POST or Ongoing Checks detect a system error ina ven-
tilator, the ventilator runs POST (this automatically activates SAFETY
VALVE OPEN). If the ventilator passes POST, it will resume normal op-
eration, but the occurrence of the system error will be stored in battery-
backed memory. The third detected system error in a 24-hour period
puts the ventilator into BUV.

[fthe supply voltage drops more than 10% below the nominalrating,
microprocessor electronics activate BUV and the audible and visual
alarms. The ventilator continues monitoring the voltage supplied and,
as long as voltage is below 90%, the ventilator operates in BUV and
displays [LOW AC POWER] in the message window. When supply volt-
age increases to a level 10% or less below the rated value, micropro-
cessor electronics cancels the BUV mode, invokes POST, and re-
stores operation at the current ventilator settings.

In BUV, the pneumatic system is controlled by an analog circuit,
separate from microprocessor electronics. The ventilator operates
with factory-preset values instead of the operator-selecied settings.
(These settings are 0.5 liter tidal volume, 12 bpm respiratory rate, 45
Lpm peak inspiratory flow, square waveform, current PEEP setting,
and 100% Qs unless unavailable. High pressure limitis approximately
30 cmH»0 above PEEP. All other settings and functions are disabled or
suspended.) When BUV is initiated, BACK UP VENTILATOR illumi-
nates in the alarm summary display and the audible alarm sounds. All
other displays blank and all keyboard display panel controls, except
the PEEP/CPAP knob, are nonoperational. (Do not raise the PEEP
level during BUV because the appropriateness of the setting cannot be
verified.)

B WARNING — If BUV activates, the patient should be provided
with alternate means of ventilatory support as soon as possible. The
L ventilator must be serviced before it is used again.

When a condition occurs preventing the ventilator from implementing
an emergency ventilatory mode, the ventilator opens the safety valve.
This action causes the patient service circuit to open to room air and
the patient breaths room air, unassisted by the ventilator, exhaling
against zero PEEP. Check valves prevent any retrograde inspiration or
exhalation flows.

The following conditions may trigger the SAFETY VALVE OPEN
state:

¢ air and oxygen supplies have been lost

« afault has been detected

¢ power 1o the ventilator has been disrupted
¢ POST is in progress

If safety valve open takes effect due to loss of both gas suppilies,
SAFETY VALVE OPEN illuminates in the alarm summary display, the
audible alarm sounds, and [SVO DUE TO LSP] appears in the mes-
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Gas Supply Switch-Over
Circuit

sage window. (“SVO" means “safety valve open” and “LSP” means
“low supply pressure”.)

Ifthe ventilator goes into a safety valve open state because a system
fault has been detected, VENTILATOR INOPERATIVE and SAFETY
VALVE OPEN illuminate in the alarm summary display, the audible
alarm sounds, and an error message appears.

If the supply voltage suddenly drops to zero, the ventitator sounds
the audible alarm and opens the safety valve. When supply voltage is
restored to normal, the ventilatorinitiates POST. After successful com-
pletion of POST, the ventilator resumes normal operation with the cur-
rent settings. if the ventilator fails POST, it switches to BUV. The audible
alarm remains on, and BACK UP VENTILATOR illuminates on the

-alarm summary display panel.

The ventilator automatically declares safety valve open during the
running of POST. When this occurs, SAFETY VALVE OPEN illuminates
in the alarm summary display, but the audible alarm does not sound.
Unless cne of the above conditions exists, the safety valve open state
terminates at the conclusion of POST.

| WARNING - Although a change in PEEP settings during a safety
valve open condition has no immediate effect, the change
| becomes active as soon as the safetly valve closes. Forthis reason, it
| is recommended that the PEEP setting not be raised while the
il ventilator is in safety valve open state.

The gas supply switch-over system enables the ventilatorto change to
a viable gas source if the other sources fail. These types of switchings
are possible:

* From wall air to air supplied by the compressor pedestal, when the
compressor pedestal is used with the ventilator. This action is inde-
pendent of microprocessor electronics; itis controlled by apressure
switch.

* From air to oxygen, and from oxygen to air. These actions are nor-
mally controlled by pressure switches, which produce signals moni-
tored by microprocessor electronics. If microprocessor electronics
fails and BUV is invoked, the circuitry associated with BUV controls
the switching logic.

| WARNING - Both oxygen and air (from the wall or compressor
|| pedestal) must be supplied to the ventilator for the gas supply
[| switch-over system to operate effectively. If only one gas source is
| supplied to the ventilator and that source fails, the switch-over sys-
| tem would operate, but detect no alternate gas source, and the ven-
| tifator would switch to safety valve open. The patient would then
ll breathe room air, unassisted by the ventifator.

For a ventilator equipped with a compressor pedestal, switching to
and from the compressor is determined by the pressure of the wall-
supplied air. Whenever that pressure falls below 35 psig, the compres-
sor is turned on. No alarm triggers. The compressor automatically
turns off and switches out of the air circuit whenever the wall-supplied
air is restored to the appropriate pressure.
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POST always opens the compressor relief valve, which bleeds the
pressure from the compressor’s air line while the compressor is re-
starting. Then, ifthe ventilator passes POST and begins operation, the
valve closes and the compressor resumes providing air flowto the ven-
tilator. This action minimizes the momentary peak current drain re-
quired to bring the motor armature up to rated speed.

If the ventilator does not have a compressor and the wall air supply
pressure falls below 35 psig, or if compressor pressure falls below 7.5
psig, the air circuit will be closed, the ventilator will switch to 100% oxy-
gen, and the LOW PRESSURE AIR INLET alarm will trigger. For the
switch-over to occur, oxygen must be supplied to the ventilator.

If the oxygen supply pressure falls below 35 psig when the operator-
selected O»% parameter is 22% or greater, the oxygen circuit will be
closed and the LOW PRESSURE O, INLET alarm will trigger. Ventila-
tion will proceed with 100% air.

The gas supply switch-over circuit is functional during BUV, al-
though the LOW PRESSURE O, INLET and LOW PRESSURE AIR IN-

LET atarms are not.
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=0perating Instructions =3=

Introduction This chapter describes how to set up and use the 7200ae Ventilator. It
provides procedures for preoperational and postoperational inspec-
tion and testing, and operating the ventilator. Theseinstructions arenot
intended as recommended protocol for clinical use of the ventilator.

Read and become familiar with these instructions before attempting
to ventilate a patient.

CAUTION - Before using the ventilator for the first time, check the
following items to prevent serious damage to the ventilator:

» Check that the ventilator has been set up and its accessories
have been installed correctly. Refer to Chapter 6 for installation
and assembly instructions.

s Check the information on the electrical rating label, located on
the ventilator's utility panel and be certain that the AC power is of
proper voltage and frequency. Serious damage to the ventilator
may result if the AC voltage and frequency supplied to the ventila-
tor do not match those specified on the electrical rating label.

» Be sure that the total electrical load does not exceed the ampere
rating of the branch circuit, especially when using the ventilator
with the compressor and other medical equipment. (A branch cir-
cuit includes all outlets serviced by one circuit breaker.) If the
maximum current drain through a branch circuit exceeds its rat-
ing, the branch circuit breaker wilt open, causing the ventilator to
lose power. For further information, consult a service technician.

Preoperational
Procedures

Preoperational Before turning on the ventilator, inspect it for operational readiness.
Inspection Points Repeat this inspection before every use. The following procedures are
labeled by step number in Figures 3-1 through 3-3.

WARNING - To prevent serious injury, never cut or remove the
grounding prong or attempt to defeat the grounding feature.

1. Istheunitpluggedin? Connectthe power cord (Figure 3-1) directly
into a properly grounded three-wire receptacle.

2. Is the flex arm positioned correctly (Figure 3-2)7

WARNING — Do not use a patient service circuit containing an
external exhalation valve. Such a valve could cause increased
expiratory resistance or occlusion, or inhibitthe ventilator's ability to
il sense the patient’s inspiratory effort. '

3. Are all connections for the patient service system tight
(Figure 3-2)? Are in-line water traps empty (if any)?

22306A 9-90 — 3.1



ons

Electrical Connect

ous

Vari

ints —

ion Po

inspecti

-1

3

igure

F

ice

lified Patient Serv

ion Points — Simp

Inspect

3-2.

i_gure

F

ircui

Cc

22300 A 9-90

3-2



4. s the nebulizer vial (if installed) in place and tight? If not installed,
cap the nebulizer connection on the ventilator (Figure 3-2).

E CAUTION - Always supply gas to the nebulizer by way of the
ventilator. Do not use a separate gas source.

5. Is the exhalation collector vial (Figure 3-2) free of condensate?
Drain the vial if necessary.

6. Arethe gas supply water traps and filters (Figure 3-2) cleaned and
any condensate drained? (See Chapter 4 for cleaning
instructions.)

NOTE - The air and oxygen water traps and their filters should be re-
placed every 2500 hours as part of preventive maintenance.

7. Are oxygen and air inlet connections secure (Figure 3-2)7

WARNING — The exhalation bacteria fifter must be unobstructed
for proper operation and patient safety. Check the heated
exhalation bacteria and main flow bacteria filters daily.

8. Have the main flow and heated exhalation bacteria filters been
checked? For disposable filters, monitor ventilator performance
and replace as needed. For reusable filters, measure resistance as
described in Chapter 4. After the ventilator has been running for ap-
proximately 15 minutes, check the function of the filter heater by
verifying that it is warm to the touch.

9. In the exhalation compartment (Figure 3-3), is the filter clamp
locked securely over the clamp catch? Push the filter clamp into
place, if necessary.

Figure 3-3. Inspection Points — Exhalation Compartment
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10. Check the humidifier (Figure 3-2). Is it turned on? Are connections
secure? Is the water level (if applicable) within operating limits? (In
this example, the Cascade || Humidifier is shown. For other humidi-
fiers, see the humidifier’s operator’s manual for specific instruc-
tions.)

11. Is an airway temperature probe connected (Figure 3-2)? (if the hu-
midifier is not equipped with one, use a Puritan-Bennett P/N
4-007900-00 temperature alarm to monitor airway temperature.)

12. Have all appropriate parts been cleaned and sterilized? Perform
anyrecommended periodic maintenance, as described in Chapter
4,

13. Has Extended Self-Test (EST) been run recently? Perform Quick
EST (QUEST) every time the ventilator is used and every time the
circuitis changed. Perform Total EST (TEST) periodically as part of
preventative maintenance. (Refer to Chapter 5 for how to run EST))

Thefollowing inspection steps apply to optional equipment. Refer to
the product literature for additional information.

14. If applicable, is the remote nurse’s call and the recording device for
pressure and flow connected to the output signal connector
(Figure 3-1)?

15. If using an O, monitor (Figure 3-2), is it properly mounted? Is it
turned on and its sensor connected? Has it been calibrated?

NOTE - Puritan-Bennett recommends the periodic use of an O, moni-
tor to verify oxygen mix.

16. fusing a printer {Figure 3-1), is it properly mounted on the ventila-
tor and correctly configured? If not, refer to the printer installation
instructions. Is the cable properly attached? Is the printer turned
on? Does it have an adequate supply of paper and ink? iIs the
paper positioned at the top of the form?

17. lfusing the 7202 Display (Figure 3-1), is it securely mounted on the
ventilator? Is the connector securely inserted in the back of the
ventilator? If it does not work, refer to the 7202 Display appendix.

18. If the ventilator has a compressor (Figure 3-1), is the compressor
operational? Press the reset button and check the electrical outletif
the compressor circuit breaker has tripped.

3-4
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Preoperational Testing

Power-On Self-Test (POST)

Before using the ventilator, perform the following diagnostic tests. Turn
on the ventilator with the power switch, located on the utility panel
(Figure 3-4).

Power Switch

N
X
N\
| \I
N\ ol o
E{] Eq EST
ANAS .
ey

Figure 3-4. Utility Panel

When the power switch is turned on, the ventilator automatically initi-
ates a 5-second electronic validation test called Power-On Self-Test
(POST). POST also runs when power to the ventilator is momentarily
interrupted or when the Extended Self-Test is initiated.

During POST, the message [POWER-ON SELF-TEST] appears in
the message window (Figure 3-5) and the SAFETY VALVE OPEN dis-
play iluminates. When the ventilator passes POST, it begins operating
with all settings, indicators, and displays as they were before POST.

The message window displays [REVIEW APNEA PARAMS] as a
reminder to verify the appropriateness of the current apnea ventilation
parameters. Review the parameters for the current patient because
values from previous use, which are stored in battery-backed memory,
may be inappropriate. {See the section Selecting < ++> Key Function
1 — Apnea Ventilation Parameters in this chapter to set apnea ventila-
tion parameters.)

If the ventilator does not pass POST, BACK UP VENTILATOR illumi-
nates, the audible alarm sounds, and the ventilator operates with
preset parameters. The message [WXYZ ERR] appears, where WXYZ
represents an error code. If you turn ventilator power on then off, [RUN
EST—DO NOT USE] appears; have the ventilator serviced before us-
ing. If the ventilator fails POST after a power loss and a patient is still
connected, replace the ventilator as soon as possible.

22300A 9-90
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Figure 3-5. Location of Messages and Displays During POST

Quick Extended Self-Test
(QUEST)

Lamp Test

NOTE - A battery change may cause an error message to be tempo-
rarily displayed in the message window. The message disappears by
the time POST is successfully completed and the ventilator then oper-
ates normally.

Quick Extended Self-Test (QUEST) calculates the patient circuit com-
pliance and the exhalation valve’s area ratio, checks the patient serv-
ice system for leaks, and verifies battery-backed memory. QUEST
lasts approximately 1.5 minutes. Perform QUEST every time the venti-
lator is used and every time the circuit is changed. See Chapter 5 for
how to run QUEST. (Perform Total Extended Self-Test (TEST) as part of
periodic ventilator maintenance.)

Lamp test is a 40-second test that checks all displays, meters, and
lamps on the keyboard display panel, as well as the audible alarm and
the analog OUTPUT SIGNAL connector. Atthe beginning of lamp test,
the software revision leve! is displayed.

Perform lamp test as part of preoperational testing and whenever
you suspect a problem in the keyboard display panel:

* [nitiate by pressing the <LAMP TEST> key followed by
<ENTER> (Figure 3-6).

* After lamp test runs once, it begins again, repeating the test
sequences. When this second pass finishes, lamp test ends.

* To cancel lamp test, press any key on the keyboard display panel.

3-8
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Operating the Ventilator
Selecting Ventilator Settings

In addition, lamp test automatically cancels under the following
emergency or alarm conditions:

e Power disconnect

* Apnea ventilation

¢ Disconnect ventilation
* Back up ventilation

s Safety valve open

¢ Nebulizer disconnect

NOTE - During lamp test, ventilator displays may not be accurate.
However, monitoring and alarm detection continues, and the audible
alarm remains functional. To ensure that you notice alarm conditions
during lamp test, <ALARM SILENCE > is canceled if it is selected.
Press any key to cancel lamp test if the alarm sounds.

After inspection, self-tests, and correction of identified problems, the
ventitator is ready to use on a patient. First select the settings to venti-
late the patient. Choose most ventilator settings with keys and knob in
the blue (or blue-bordered) VENTILATOR SETTINGS section of the
keyboard display panel. (With the Basic keyboard, setthe PEEP/CPAP
level with the knob in the green-bordered PATIENT DATA section.) See
Figure 3-6 for the locations of the keys and knob.

Using its batteries, the ventilator is able o retain operator-selected
settings, even after ventilator power is turned off. However, whenever
the batteries are removed or replaced, settings revert to default values,
shown in Table 3-1.

Selection of modes, waveforms, breath parameters, alarm thresh-
olds, and optional functions is discussed in the following paragraphs.
Table 3-9 atthe end ofthis chapter summarizes how to select ventilator
functions using the ventilator settings keys. Detailed instructions for
each key group appear in the following paragraphs.

When selecting ventilator settings, first review apnea ventilation and

automatic sigh parameters to ensure that these are appropriate for the
patient. See Selecting < ++> Key Functions in this chapter for how to

review and change these parameters.

3-8
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Modes

Table 3-1. Default Settings

4 Parameter/Threshold Default Setling )
Mode CMV
Waveform Square
Tidal Volume {and apnea ventilation tidal 05L
volume)

Respiratory Rate {and apnea ventilation 12 bpm

respiratory rate)

Peak Inspiratory Flow{and apnea ventilation 45 Lpm

peak flow)

Sensitivity 3 cmHz0

C2% {and apnea ventilation O;%) 100%

Plateau 0 seconds

100% O» Suction Off

Automatic Sigh Off

Sigh Tidal Volume 0.0 mi

Sigh High Pressure Limit 40 cmHz0

Muttiple Sighs per Sigh Event 1

Sigh Events per Hour 1

Nebulizer Off

Apnea Interval. 20 seconds

High Pressure Limit alarm 20 cmH0

Low Inspiratory Pressure atarm 3 cmHz0

Low PEEP/CPAP Pressure alarm 0 (disabled)

Low Exhaled Tidal Volume alarm 0 (disabled)

Low Exhaled Minute Volume alarm 0 (disabled)
9 High Respiratory Rate alarm 0 (disabled) )

The ventilator offers three modes for patient ventilation that can be
modified and expanded when options are installed and activated.

The Continuous Mandatory Ventilation (CMV) mode provides man-
datory breaths only. These breaths may be initiated by the ventilator,
the patient, or the operator (using <MANUAL SIGH> or
< MANUAL INSPIRATION > ). The SENSITIVITY setting determines
the amount of patient effort to trigger an assist breath.

In the Synchronous Intermittent Mandatory Ventilation (SIMV)
mode, breathing may be both mandatory and spontaneous, with
mandatory breaths initiated by the operator (<MANUAL
INSPIRATION > or <MANUAL SIGH>), the patient, or the
ventilator. ‘

In the Continuous Positive Airway Pressure (CPAP) mode, sponta-
neous breaths and patient-initiated sigh breaths are delivered. Asin

other modes, operator-initiated breaths are available with

<MANUAL INSPIRATION > or < MANUAL SIGH>.

22300 A 9-90
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To select a mode, press the appropriate key (Figure 3-7), then
< ENTER > . The ventilator beeps twice and the indicator on the mode
key lights when the choice is accepted. When changing modes, review
all breath parameters and alarm thresholds, and change them if nec-

essary.
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Figure 3-7. Mode Keys
Waveforms Choose one of three waveforms to define mandatory breaths (square

wave, descending ramp, and sine wave). To select a waveform, press
the waveform key (Figure 3-8), then <ENTER > . The ventilator beeps
twice and the key's indicator lights when the choice is accepted.
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Figure 3-8. Waveform Keys
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PEEP/CPAP Level

Use the PEEP/CPAP knob (Figure 3-9) to setthe PEEP level. Turn the
knob clockwise to raise PEEP and counterclockwise to lower it. The
digital PEEP value, shown in the cmH,0 window, is the set target value
that the ventilator attempts to acheive; the analog meter displays ac-
tual PEEP in the airway. Use the analog meter for fine-tuning PEEP
levels as fong as the needle is sufficiently stable during end expiration.
If the analog PEEP value is unstable, due to patient inspiratory efforts,
the digital value can be used. Use the analog meter when setting PEEP
below 3 cmH»0.

The digital PEEP value may not match the analog value because of
two situations. Current patient settings may be causing inadvertent
PEEP (for example, the patientis prevented from fully exhaling). Or, the
digital display may be compromised by an inappropriate area ratio cal-
culated during the last EST, In this case, run QUEST to recalculate an
accurate area ratio.

B WARNING - The PEEPICPAP control knob is independent of mi-
| croprocessor electronics. So, any change to PEEP becomes active
|| immediately during apnea ventilation, back up ventilator, and dis-
|| connect ventilation modes. Because the displays may not function
| properly during these emergency modes, you may be unabletover-
|| ify a PEEP change and could unknowingly establish an injurious
|| PEEP level. Do not alter the PEEP level during an emergency mode
L ofventilation, except to turn the knob completely counterclockwise
B fo zero.

s PEEP/CPAP— "\
. N - ~7 control knob = PATIEHT PATA
‘ C_J e
— L L et
-l C ) - e SSQ i
s o TS = = ==
o RO B
L) e
] CJC 0L (0)®)0)
R [ = s e lan) s s
Enhanced keyhoard Basic keyboard

Figure 3-9. PEEP/CPAP Control Knob

Breath Parameters and
Alarm Thresholds

Review breath parameters and alarm thresholds whenever a mode
change is made.

Use the 12 labeled keys and the numeric keypad in the VENTILA-
TOR SETTINGS section (Figure 3-10) to set breath parameters and
alarm thresholds. The ventilator does not accept a new value unless it
is within the permissible range and <ENTER > is pressed.

22300 A 9-90
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Figure 3-10. Breath Parameter and Alarm Threshold Keys

To specify a value for a breath parameter or alarm threshold, do the
following (Figure 3-11 shows the entry sequence in flowchart formy):

1. Pressthe key for the desired function. The current value appearsin
the message window.

2. Ifyouwanttoretainthe current value, press < ENTER > or another
parameter key, or wait 18 seconds until the message changes or
times out. The ventilator continues operating with the existing set-
ting.

3. If you want ancther value, do the following:

¢ Key in the new value with the numeric keypad. Or, press
< CLEAR > toerasethe valuein the message windowandkeyin
a new value.

« Verify that the new value is the one desired; if so, press <EN-
TER > . Unless the setting is out of range or causes another error
message, the ventilator beeps twice and accepts the change.
(See the Error Messages section in this chapter and Table 3-3.)
The new value takes effect on the next breath cycle, except for
sensitivity, which usually takes effect immediately.

Decimals are keyed in using the decimal point (<. >) key. If the de-
sired value is less than 1.00, it is not necessary to key in the leading
zero.

The Low Inspiratory Pressure alarm threshold and Tidal Volume,
Respiratory Rate, Peak Inspiratory Flow, Plateau, and Waveform
breath parameters apply only to mandatory breaths. Since mandatory
breaths are available in all modes, select appropriate values for these
functions, even when the patient is expected to breathe
spontaneously.

Tidal Volume, Respiratory Rate, Peak [nspiratory Flow, and O52%
have digital displays inthe VENTILATOR SETTINGS section of the key-
board. When these settings are changed, the displays flash the old set-
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Press parameter
or alarm

tings until the new settings take effect. The displays also flash when de-
livered parameters differ from the operator-selected parameters (as
occurs during apnea ventilation, disconnect ventilation, delivery of
100% O, for suctioning, and safety valve open conditions.) During
CPAP. the respiratory rate display is blanked.

Parameters are set differently for apnea ventilation and automatic
sigh, as described later in this chapter.

threshold key

“Is the desired
value
displayed?

View message
window

w| Enter numerical

value using |«
numeric keypad

View message
window

Prass
< CLEAR >

’ Is the
desired value
displayed? »

VWait 18
seconds

Prass
< CLEAR >

Yes

Yes*

appear in the
window?

P Doeg\ ‘
error message . View message

Press
<ENTER>

window

* Ses Table 3-3 (Error Messages during Breath Parameter and Alarm Threshold Selection) for which specific action to take.

Figure 3-11. Parameter/Threshold Entry Sequence Flowchart
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Breath parameters and alarm thresholds can only be changed to val-
ues within specific ranges, which are listed in Table 3-2. If you enter a
parameter or threshold that is outside the range, error messages ap-
pear and the ventilator retains the current setting until an acceptable
entry is made.

Although the ventilator allows entry of additional decimal places, the
ventilator only recognizes a specific amount. The Smallest increment
column in Table 3-2 lists those amounts.

Permissible Ranges for
Ventilator Settings

Table 3-2. Permissible Ranges for Breath Parameters and Alarm Thresholds

e ™
Parametar or Smallest
Alarm Threshotd Range Increment Comments
Tidal Volume 0.10 10 2.50 liters 0.01 liter
Respiratory Rate 0.510 9.9 bpm 0.1 bpm Can cause an immediate breath if the
10 to 70 bpm 1.0 bpm new cycle interval is less than the time
elapsed since the insplration began.

Peak Inspiratory 1010 120 Lpm 1 Lpm Maximum flow of 180 Lpm for a spon-

Flow taneous breath when wall air and oxy-
gen are supplied.

Sensitivity 0.5 10 20.0 cmH0 0.1 cmHx0 This number, subtracted from digital
PEEP, determines the inspiratory
threshold required for the patient to
trigger inspiration.

0:% 21to 100% 1% Selecting 21% disables the LOW
PRESSURE Q2 INLET alarm unless no
air is available. If 05% is setto 21%
after this alarm is activated, the alarm
shuts off.

Plateau 0.0 to 2.0 seconds 0.1 second Delivered during mandatory breaths or
sighs only. :

High Pressure 1010 120 cmH0 1 cmH0 This alarm cannot be defeated by en-

Limit tering 0.

Low Inspiratory 3 to 99 cmH0 1 cmH0 This alarm cannot be defeated by en-

Pressure tering 0.

Low PEEP/CPAP 010 45 cmH0 1 cmH»0 Selecting 0 disables the alarm.

Pressure If the alarm is already active,
entering 0 turns it off at the end
of the next breath,

Low Exhaled Tidal 0.00 to 2.50 liters 0.01 liter Selecting 0 disables the alarm.

Volume if the alarm is already active,
entering 0 turns it off at the end
of the next breath.

.

3-14
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Table 3-2. Permissible Ranges for Breath Parameters and Alarm Thresholds (continued)

22300A 9-90

r )
Parameler or Smallest
Alarm Threshold Range Increment Comments
Low Exhaled Min- 0.0 to 60.0 liters 0.1 fiter Selecting 0 disables the alarm.
ute Volume If the alarm is already aclive,
entering 0 tumns 1t off at the end
of the next breath.
High Respiratory 0to 70 bpm 1 bpm Selecling 0 disables the alarm.
Rate If the alarm is already active,
entering 0 tumns it off at the end
of the next breath.
Sigh Parameters,
Sigh Tidal 0.0,0.10 10 0.01 Iiter This value may not be greater than
Volume 2.50 liters twice the tidal volume for non-sigh
breaths or less than the non-sigh tidal
volume. A zero setting turns sigh off
and disables the manual sigh function.
Sigh High 10 to 120 cmH0 1 emHO This value may not be less than the
Pressure Limit limit for non-sigh breaths.
Sigh Events Per 11015 1 Corresponds to a sigh every 4 to 60
Hour minutes.
Number of Sighs 1103 1 This value sets the number of
Per Sigh Event consecutive sighs.
Apnea Venfilation Parameters
Apnea Interval 10 1o 60 seconds 1 second Defautt: 20 seconds
Apnea Tidal Volume 0.10 tc 2.50 liters 0.01 liter Default: 0.5 liter
Apnea 0.510 9.9 bpm 0.1 bpm Default: 12 bpm
Respiratory Rate 10 1070 bpm 1.0 bpm
Apnea Peak Flow 10to 120 Lpm 1 Lpm Default: 45 Lpm
Apnea O, 21 to 100% 1% Default: 100% O
\ S
3-15



Error Messages During
Breath Parameter/Alarm
Threshold Selection

If a breath parameter or alarm threshold is outside the permissible
range or if a parameter is within range but causes the I:E ratio check to
fail, the ventilator beeps four times and displays an error message.
Table 3-3 lists some of those messages.

Table 3-3. Error Messages During Breath Parameter and Alarm Threshold Selection

Error Message

Meaning

Operator Action

[INVALID ENTRY]

Value is out of range.

Press < CLEAR>. The name of the parameter or
alarm threshold and the units of measure reappear
in the message window. Key In a new value and
press <ENTER >,

or

Press the parameter or alarm threshold key. The
name of the parameter or alarm threshold and the
current value will appear in the message window.
Key in a new vaiue and press <ENTER >,

or

Wait 18 seconds. [INVALID ENTRY] will cancel
automatically and the name of the parameter or
alarm threshold and the current vaiue will appear in
the message window. Key in a new value and press
<ENTER>,

[DECR RESP RATE FIRST)

Decrease respiratory
rate first. Value is in

range hut causes the
I:E ratio check to fail.

This message appears when a new value is selected
for tidal volume, peak inspiratory flow, piateau, or wa-
veform which causes the length of inspiratory phase
to equal or exceed 75% of the length of mandatory
brealh cycle interval (LLE displayed as 1:0.3), as deter-
mined by the .E ratio check. In this case, the ventila-
tor gives preference to the length of the inspiratory
phase; therefore, you must lengthen the cycle interval
(as defined by the <RESFIRATORY RATE>) 1o
cause the |:E ratio check to pass.

Decrease < RESPIRATORY RATE > to increase the
total cycle interval and eliminate this conflict.

[CHANGE PK F/TV FIRST]

Change peak flow or
tidal volume first.

This message appears whenever a change In respira-
tory rate would cause the length of the inspiratory
phase o equal or exceed 76% of the mandatory
breath cycle interval {):E displayed as 1:0.3), as de-
termined by the §.E ralio check. In this case, the venti-
lator gives preference to the fength of the cycle inter-
val; therefore, you must shorien the duration of breath
delivery to cause the |:E ratio check o pass.

Increase peak inspiratory flow, change waveform,
decrease tidal volume, or reduce plateau period to
decrease the length of the inspiratory phase and
eliminate this conflict,

3-16
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Selecting Manual Inspiration This function causes the ventilator to deliver a mandatory breath ac-
cording to current breath parameters. It lasts for one inspiration only.
Press the < MANUAL INSPIRATION > key and a breath is delivered
immediately (unless a mandatory breath is already in progress). (See
Figure 3-12 for where the key is located.)

Sefecting Manual Sigh This function delivers a sigh breath according to sigh parameters en-
tered via the < AUTOMATIC SIGH > key. A manual sigh lasts for one
sigh inspiration only.

Press the < MANUAL SIGH > key and a sigh breath is delivered im-
mediately, unless a mandatory breath is in progress. If sigh parame-
ters have not been setvia < AUTOMATIC SIGH >, no sigh breathiis de-
livered and [REVIEW SIGH PARAMS] appears inthe message window.
(See Figure 3-12 for where the key is located.}

Enhanced keyhoard Basic keyboard
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INSPIRATION SIGH SIGH INSPIRATION SIGH SIGH

Figure 3-12. Special Function Keys

Selecting Automatic Sigh This function causes the ventilator to autoratically deliver sigh breaths
as specified. To turn on the function, press the < AUTOMATIC SIGH >
key, and the following prompts appear (X represents a value):

[SIGH TV X.XX LITERS]
[SIGH HIPL XXX CMH20]
[SIGH RATE XX PER HR]
[MULTIPLE X SIGHS]
[UPDATE PARAMS —ENTER]
[AUTO SIGH ON—ENTER]

The prompt [AUTO SIGH OFF —ENTER] may appear first if auto-
matic sigh is already on. Press < CLEAR > to leave automatic sigh on.
Parameter values are entered as described in Table 3-9 at the end of
this chapter.

To step through automatic sigh parameters without making
changes, press <ENTER > after each parameter message appearsin
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Selecting 100% 0, Suction

the window. To scroll backwards through the parameters, press the
<3}k > key.

The ventilator checks sigh parameters to ensure that sigh tidal vol-
ume and sigh high pressure limits are compatible with the parameters
for non-sigh ventilation. If settings are unacceptable, as defined in
Table 3-2, the following error messages may appear:

4 Error Message Meaning A
[ENTRY LESS THAN Tv] Sigh tidal volume cannot be less than
normal tidat volume.
[ENTRY EXCEEDS 2XTV] Sigh tidal volume cannot be greater
than twice the normal tidal volume.
[ENTRY LESS THAN HIPL 8igh high pressure limit cannot be
less than normatl high pressure limit.
[INVALID ENTRY] The entered value is out of
permissible range.
e vy

In addition, iftidal volume is raised above sigh tidal volume, the sigh
volume is raised to match the new tidal volume. If tidal volume is low-
ered to less than one-half the sigh tidal volume, the sigh value is setto
2 times the new tidal volume. If high pressure limit is raised above the
sigh high pressure limit, the sigh limit is raised to match the new limit.

A sigh extends the breath cycle interval for twice the normal cycle
interval, unless terminated earlier by expiration of the apneainterval. In
SIMV, whenthree breath cycles have elapsed since the sigh breath and
the patient has not initiated a breath, the patient receives one
ventilator-initiated mandatory breath. In this interval, <MANUAL
INSPIRATION > and <MANUAL SIGH > are active.

NOTE - Ifthe ventilator loses AC power immediately following an auto-
matic sigh event, a sigh breath is delivered after power is restored and
POST is successiully completed.

To cancel automatic sigh, press < AUTOMATIC SIGH > and press
<ENTER > when the prompt [AUTO SIGH OFF —ENTER] appears.

This feature causes the ventilator to deliver 100% O (if O, is available)
for 2 minutes before patient suctioning. When O,% is set to otherthan
100, the value in the O, % window flashes to indicate that it differs from
the operator-selected value. After 100% O is turned off or is automati-
cally canceled, the ventilator reverts to the original value.

Press the <100% 0> SUCTION> key (Figure 3-12) and <EN-
TER> toturn on the function. The indicator on the key illuminates and
sounds two beep tones as the function is turned on.

Because ventilator alarms are designed to warn about patient or cir-
cuit disconnect conditions, they are activated when the patient is dis-
connected for suctioning. Press <ALARM SILENCE > to cancel the
audible alarm during suctioning. After suctioning, press <ALARM
RESET > to clear any alarms that occurred during disconnection and
verify that the patient circuit is properly reconnected, without Kinks or
occlusions.
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Selecting Nebulizer

Selecting <++> Key Functions

Nebulization lasts 30 minutes unless canceled by the operator, or dis-
connected or suspended by the ventilator. The Flow-by option turns off
the nebulizer. Nebulization occurs during inspiration, excluding any
plateau period. The nebulizer wili not activate when selected if flow to
the patient is less than 10 Lpm.

| WARNING - The nebulizer requires 10 Lpm of flow to ensure reli-
able operation. Therefore, the ventilator discontinues flow to the
| nebulizer if you select, or the patient spontaneously breathes, any
| combination of peak inspiratory flow and oxygen percentage yield-
| ing less than 10 Lpm through the nebulizer circuit. (However, the
| key's indicator light remains illuminated.) Nebulization resumes
L when flow reaches an acceptable level.

The ventilator checks nebulizer flow every eight breaths. Excessive
nebulizer flow causes the nebulizer circuit to shut off; [NEB
DISCONNECT] appears in the message window. Excessive flow may
be caused by leaks or disconnects in the nebulizer tubing.

The nebulizer feature is suspended during apnea and disconnect
ventilation and the Respiratory Mechanics/Monitoring option. The
nebulizer is also suspended during low pressure oxygen inlet or low
pressure air inlet alarms when source gas pressure falls below the
minimum operating level (35 psig for wall gas, 7.5 psig for the com-
pressor). When nebulization is suspended, the key’s light goes out,
the key does not function, the 30-minute timer continues to run, and
there is no nebulizer flow. When the situation is corrected, nebulization
resumes.

The <++> key (Figure 3-13) allows you to select some standard func-
tions and to access options (which may be ordered to expand the ca-
pabilities of the ventilator). Function 1 (apnea ventilation parameters)
and 2 (clock reset) are standard functions. All others are optional.
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Figure 3-13. <++> Key
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Selecting <++> Key Function 1
Apnea Ventilation Parameters

To select a <++> key function (such as apnea ventilation parame-
ters), press the <++> key. The last <++> key function selected ap-
pears in the message window ([FUNCTION XX SELECT], where Xis
the number of the function). To select the desired number, press the
<++> keyto advance, orthe <k > key to reverse. The desired func-
tion may be accessed more directly by keying in the function number
and pressing the <ENTER > key.

In general, activating a <++> key function involves specifying pa-
rameters or responding to message window prompts. Once a < ++>
key function is accessed, the entry sequence may be suspended at
any time by the following:

* Allowing the 18-second timeout period to elapse

¢ Pressing a VENTILATOR SETTINGS key

¢ Occurrence of an alarm or emergency condition indicated in the
message window

Figure 3-14 illustrates the entry sequence for <++> key functions 1
and 2.

Procedures for using optional <++> key functions are provided
with the applicable option.

You may select the monitoring interval for apnea detection as well as
the tidal volume, respiratory rate, peak inspiratory flow, and 0% to be
used during apnea ventilation. Refer to the Emergency Modes of
Ventitation section in this chapter for how apnea ventilation is invoked.

Apnea ventilation parameters also apply for disconnect ventilation.
Some 7200 Series options (e.g. Pressure Control Ventilation) may
have separate apnea ventilation parameters. See the appropriate ap-
pendix for details.

H WARNING - itis important to review the current settings for ap-
nea paramelers every time the ventilator is turned on. The prompt
[REVIEW APNEA PARAMS] reminds you tc verify that the present pa-
| rameters are appropriate for the patient,

|| Setthe apneainterval based on what you, the practitioner, consider
|| to be an unsafe period for the patient to go between breaths. Note
|| that ifthe apnea interval exceeds twice the SIMV cycle, the ventilator
may not detect apnea because ventilator breaths would be deliv-
. ered before the apnea interval passes.
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T installed option

> G

[1 APNEA PARAMETERS] _!—»

<ENTER> 3 [APNEA INT XX SEC]
<ENTER> [APNEA TV X.XX LITERS] B CRY
<ENTER> # [APNEA RR XX.X BPM] k>

+_____l *_'—l

w

<ENTER> »  [APNEA PF XX LPM] RS

+—J t——'—l

<ENTER> » [APNEA 02 XXX%] k>

h

Jv_———_—, *—-_"'I

<ENTER> ¥ [UPDATE PARAMS-ENTER] B KD
<CLEAR> <ENTER> #{1 APNEA PARAMETERS ON]
+ C{CLEAR> ¥ [DEFAULT VALUES-ENTER)] P <ENTER> / <CLEAR>
|
[2 CLOCK BESET] !—» <ENTER> [DATE XXXXXX MMDDYY]
<> Next <ENTER> b [TIME XXXX HHMM] B k>
installed ¢——J *————-—|
option
<ENTER> ¥ [UPDATE PARAMS-ENTER] B KO

I

{ENTER>/ <CLEAR>

Figure 3-14. Entry Sequence for Standard <++> Key Functions

Table 3-4 explains selection of apnea ventilation parameters. Press
<ENTER > to scroll through the parameter prompts. Press < >1o
scroll backwards. Press <CLEAR > to blank the parameter value dis-
ptayed in the window. Unless you press <ENTER> at the [UPDATE
PARAMS-ENTER] prompt, the new values will not be used when apnea
ventilation is invoked.

I:E ratio checks are made for apnea respiratory rate, tidal volume,
and peak inspiratory flow. Therefore, if an entry violates the checking
criteria, an error message appears. Refer to Table 3-3for possible error
messages and actions.

22300A 9-90
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Table 3-4. Apnea Ventilation <++> Key Sequence

(" Operator Action Message Window Response Comments h

Select option 1. [1 APNEA PARAMETERS] To select default values, press
<CLEAR > . To select other parameter

values, press <ENTER>.

Press <CLEAR>, [DEFAULT VALUES-ENTER] To select default values {Table 3-2),"

or press <ENTER>.

Press <ENTER>, [APNEA INT XX SEC] XX represents the monitoring
interval for apnea detection.

Key in desired value and press [APNEA TV X. XX LITERS] XXX represents the apnea tidal

<ENTER >, or let cusrent value volume.

stand. Press <ENTER>.

Key in desired value and press [APNEA RR XX.X BPM] XX.X represents the apnea

< ENTER >, or let current value respiratory rate.
stand. Press <ENTER>.

Key in desired value and press [APNEA PF XX LPM] XX represents the apnea peak
<ENTER >, or fet current value inspliratory flow.
stand. Press <ENTER>.

Key in desired value and press [APNEA Q2 XXX %] XXX represents the apnea oxygen
<ENTER >, or let current value percentage.
stand. Press <ENTER >,

Key in desired value and press [UPDATE PARAMS-ENTER] Press <ENTER> for the ventilator to

<ENTER >, or let current value accept the new apnea para-meters.

stand. Press <ENTER>. Press <CLEAR > 1o cancel the new
values.

Press <ENTER>. [1 APNEA PARAMETER ON] This message confirms that the new
apnea parameters have been ac-
cepled.

N /
Selecting <++> Key The ventilator is designed to maintain the correct date and time.
Function 2 However, you can change the date and time by resetting the

clock-calendar. Because the clock-calendar is battery-backed, it must
also be reset if battery-backed memory is lost (due to battery
replacement, for example).

The term MMDDYY shown in the message window during function 2
indicates month, day, and year. MM represents month (01 to 12), DD
represents day (01 to 31), and YY represents year (00 to 99). The ex-
pression HHMM indicates the time. HH stands for hours (00to 23}, and
MM for minutes {00 to 59).

Clock-Calendar Reset
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Selecting and Monitoring
Patient Data Displays

The ventilator allows you to enter invalid dates and times such as
999999 or 9999. However, these invalid dates and times will not be
printed or displayed. The term JAN 01 19XX (19XX is the current venti-
lator value for year) appears in place of the invalid date and 12:00 for
the invalid time.

When the clock-calendar reset function has been selected, key in
values for the date and/or the time fields. After each field has been re-
viewed, the ventilator displays [UPDATE PARAMS-ENTER]. Press
<ENTER > within 18 seconds or the ventilator will ignore the changes
and continue operating with current date and time.

The <CLEAR> key erases the value in the date or time field, one
character at atime, from rightto left. Press <ENTER> to step through
the fields. Press the <:k> key to scroll backward. The following
messages appear during clock-calendar reset:

[DATE XXXXXX MMDDYY]
[TIME XXXX HHMM]
[UPDATE PARAMS-ENTER]

The PATIENT DATAsection of the keyboard display panel includes in-
formation on breath types, pressures, volumes, rate, and 1:E ratio
(Figure 3-15). Each digital display can be used for more than one type
of data.

To sslect a patient data display, choose the data to be shown and
press the appropriate key. One beep tone sounds, the key's light illu-
minates, and the display or meter shifts to the requested data.
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Enhanced keyboard Basic keyboard
Figure 3-15. Patient Data Keys
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Monitoring Ventilator
Status

Alarms and Ventilator-Initiated
Emergency Modes

The PATIENT DATA section contains the following displays and
indicators:

¢ The analog meter, showing airway pressure (in cmH»0). (On the
Standard keyboard, exhaled volume (in liters) can also be shown on
the analog meter.)

* The cmHo0 digital display, showing mean airway pressure, peak
airway pressure, PEEP/CPAP, or plateau pressure.

¢ The RATE/I.E digital display, showing rate (in breaths per minute) or
the I.E (inspiratory to expiratory time} ratio.

* The liters digital display, showing tidal volume, minute volume, or
spontaneous minute volume.

* Breath type indicators: ASSIST, SPONTANEOUS, SIGH, and
PLATEAU. They light automatically during assist, spontaneous,
sigh, or plateau breaths. No operator activation is required.

All digitai displays are blank during POST.

The displays for mean airway pressure, respiratory rate, tidal vol-
ume, minute volume, and spontaneous minute volume are updated at
the end of each cycle interval. The display for peak airway pressure is
only updated at the end of inspiration of a mandatory breath. The dis-
play for the I:E ratio is only updated at the end of a mandatory breath.
The plateau pressure display is updated at the end of each plateau pe-
riod. The analog meter and PEEP/CPAP display are updated continu-
ously during the cycle interval.

The exhaled volume indicated by the analog meter on the Basic key-
board shows total exhaled volume. This value may not match the
TIDAL VOLUME value in the liters digital display because the TIDAL
VOLUME value is corrected for BTPS and patient tubing compliance.

Inthe Basic keyboard, the PATIENT DATA section also includes the

PEEP/CPAP conirol knob, This control is described in the PEEP/CPAP
Level section in this chapter.

The ventilator continually monitors patient-ventilator performance.
With an audible tone, nurse’s call, alarm summary display, and 12
specific alarm indicators, the ventilator notifies the operator of
detected operational problems. Six of the 12 alarms are triggered at
operator-selected thresholds:

¢ HIGH PRESSURE LIMIT

o LOW INSPIRATORY PRESSURE

* LOW PEEP/CPAP PRESSURE

¢ |OW EXHALED TIDAL VOLUME

¢ LOW EXHALED MINUTE VOLUME
¢ HIGH RESPIRATORY RATE

3-24
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The remaining six alarms activate under certain set conditions:

l:E
APNEA

LOW PRESSURE Oy INLET
LOW PRESSURE AIR INLET
EXHALATION VALVE LEAK

LOW BATTERY

Table 3-5 explains the alarm summary display, which provides gen-
eral information on ventilator operating conditions.

Tahle 3-5. Function of the Alarm Summary Display

(Display

Funetion

VENTILATOR
INGPERATIVE

Red display. When lit, the microprocessor has
determined that the ventilator is not functional due
to a system fault. Coincides with illumination of
SAFETY VALVE OPEN display. Back up ventilation
is not provided. (See Chapter 2 for detalls.)

VENTILATOR
ALARM

Red display. Signals that an alarm has been trig-
gered and has not auto-resel, Usually, one or
more of 12 indicators flashes to identify it.

CAUTION

Yellow display. Signais that an alarm was acti-
vated and automatically reset. Steady illumina-
tion of one or more of the 12 indicators identifies
the alarm that was active.

BACK UP
VENTILATOR

Red display. Lights when the BACK UP VENTI-
LATOR (BUVY) emergency mode is active. When
the ventilator is In BUV, factory-preset breath pa-
rameters are used. See Table 3-8 for the values
used.

SAFETY VALVE
OPEN

Red display. When lit, the patient circuit is opened
to room air and the patient breathes unassisted by
the ventilator. The ventilator enters this mode
when all connected gas supplies are lost, POST
is running, a system fault is detected, or AC power
is lost. SAFETY VALVE OPEN is employed tempo-
rarily during POST and is canceled after POST is
compleled successiully.

NORMAL

Green (or blue) display. When iit, the ventilator is
operating within acceptable ranges and no alarm
conditions exist.

If an alarm is reset with the <ALARM RESET>
key, this display lights instead of the CAUTION
display.

22300 A 9-90
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Table 3-6 describes how the specific alarms behave.

Table 3-6. Action of Individual Alarms

\

-
. Type of Alarm Alarm State Effect on Ventilation Auto-Reset State
HIGH Audible alarm on, Terminates mandatory Audible alarm off,
PRESSURE flashing ALARM display, breath delivery; may indi- steady CAUTION display,
LIMIT flashing HIGH PRESSURE cate airway disconnect in steady HIGH PRESSURE
LIMIT indicator. message window, LIMIT indicator,
LoOwW Audible alarm on, None. In CMV or SIMV, ap- Audible alarm off,
INSPIRATORY flashing ALARM display, nea ventliation does not steady CAUTION display,
PRESSURE flashing LOW INSPIRATORY | occur until the LOW steady LOW INSPIRATORY
PRESSURE INSPIRATORY PRESSURE
indicator, PRESSURE alarm Is reset. indicator.
LOW Audible alarm on, None, Audible alarm off,
PEEP/CPAP flashing ALARM display, steady CAUTION display,
PRESSURE flashing LOW PEEP/CFPAP steady LOW PEEP/CPAP
PRESSURE indicator. PRESSURE indicator.
LOW Audible alarm on, None. Audible alarm off,
EXHALED flashing ALARM display, steady CAUTION display,
TIDAL VOL- flashing LOW EXHALED steady LOW EXHALED
UME TIDAL VOL indicator. TIDAL VOL indicator.
LOW Audibte alarm on, None. Audible atarm off,
EXHALED flashing ALARM display, steady CAUTION display,
MINUTE VOL- flashing LOW EXHALED steady LOW EXHALED
UME MINUTE VOL indicator, MINUTE VOL indicator.
HIGH Audible alarm on, None. Audible alarm off,
RESPIRATORY flashing ALARM dispiay, steady CAUTION display,
RATE flashing HIGH RESPIRA- steady HIGH RESPIRATORY
TORY RATE indicator. RATE Indicator.
LE Steady |.E indicator. None. Indicator off,
APNEA Audible alarm on, flashing Initiales apnea ventilation Audible alarm off,
ALARM display, flashing {If no active LOW INS- steady CAUTION display,
APNEA indicator. PIRATORY PRESSURE steady APNEA indicator.
atarm in CMV or 8IMV); in-
dicates apnea ventilation in
message window.
LOwW Audible alarm on, Causes ventilator to switch Audible alarm off,
PRESSURE flashing ALARM display, over to alr, if available; if air | steady CAUTION display,
Oo INLET flashing LOW PRESSURE is unavallable, 1o SAFETY steady LOW PRESSURE Os
O» INLET VALVE OPEN (patient INLET indicator.
indicator. breathes room air); sus-
pends nebulization, if on,
LOW Audible alarm on, flashing Causes ventilator 1o switch Audible alarm off, steady
PRESSURE AIR | ALARM display, flashing over to Op, if available; if CAUTION display, steady
INLET LOW PRESSURE AIR INLET | net, to SAFETY VALVE OPEN| LOW PRESSURE AIR INLET
Indicator. {patient breathes room air); Indicator.
_ suspends nebulization, if on. p
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Table 3-6. Action of Individual Alarms (continued)

-
Type of Alarm Alarm State Effect on Vantilalion Auto-Reset State
EXHALATION Audible alarm on, Could cause inadequate Audible alarm off,
VALVE LEAK flashing ALARM display, patient ventilation since steady CAUTION display,
flashing EXHALATION inspiratory gas is leaking steady EXHALATION VALVE
VALVE LEAK indicator. past the exhalation valve. LEAK indicator.
LOow _ Steady LOW BATTERY When power is lost, loss of | Indicator off.
BATTERY indicator. battery-backed memory
causes ventilator to operate
with default settings.
Power Audible alarm on. Causes ventilator to switch | Audible alarm off.
Disconnect to SAFETY VALVE OPEN
9 {patient breathes room air). y

Responding to Alarm Indicators

When an alarm is triggered:

» Review the status of the patient
¢ Determine which alarm sounded
¢ Determine why it sounded

» Take corrective action

o Review other alarms which have automatically reset to the
CAUTION state

The alarm will trigger repeatedly if offending conditions are not
corrected.

To reset the alarms associated with the alarm indicators, press
< ALARM RESET > . Pressing < ALARM RESET > cancels all ALARM
and CAUTION states. if the condition that triggered the alarm persists
after the <ALARM RESET > key has been pressed, that alarm soon
retriggers. If <ALARM RESET> is pressed while either the LOW
EXHALED TIDAL VOLUME, LOW EXHALED MINUTE VOLUME or
HIGH RESPIRATORY RATE alarm is active, volume calculations are
restarted.

The < ALARM SILENCE > key causes the ventilator to suppress the
audible alarm and nurse’s call for two minutes. After that time, the
audible alarm resumes unless the key is pressed again. To cancel
alarm silence, press <ALARM RESET > . When <ALARM SILENCE >
is pressed before the end of the 2-minute period, the 2-minute timeris
reset, and alarm silence begins anew. Pressing <ALARM SILENCE >
multiple times does not give muttiple 2-minute silence periods.

Visual monitoring of the patient and ventilator is important during the
alarm silence period to ensure alarms do not go undetected.

22300 A 9-90
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Power Disconnect Alarm

Safety Valve Open

Emergency Modes of
Ventilation

It is important to check the batteries when LOW BATTERY illumi-
nates. The batteries provide power to sound the audible alarm when
no AC power is available. They also save ventilator settings and error
messages in memory. (However, the batteries do not provide power to
operate the ventilator if AC power is lost.)

| WARNING - if LOW BATTERY illuminates, perform a battery
|| check and take appropriate action. (See Chapter 4 for how to run a
|| battery check.) Provide alternate ventilatory support for the patient
before attempting to charge or replace batteries. Internal batteries
are critical for the proper operation of the ventilator during and afte
a disruption of power. Without adequately charged batteries, the
ventilator reverts to ventilation using default parameters after a dis-
|| ruption of power and may not automatically resume operation with
il previous settings.

When ventilator power is disconnected, the audible alarm sounds, the
safety valve opens, and the patient breathes room air unassisted by
the ventitator. Due to power loss, there are no visual displays or mes-
sages. The audible alarm is sustained by batteries. Cancel the alarm
by turning the power switch off. Restoring power and turning on the
ventilator cause the ventilator to initiate POST before it resumes
normal ventilation.

| WARNING - The nurse’s call relay from the output signal
connector does not signal loss of power. Patients on life-support
| equipment should be visually monitored by competent medical per-
1| sonnel, since life-threatening circumstances may arise that might
L not activate alarms.

in SAFETY VALVE OPEN (SVO), ail parameter, threshold, and function
keys are disabled. Diagnostic keys are also inoperative. If SVO re-
sulted from a loss of gas supplies, <ALARM RESET> and < ALARM
SILENCE > remain functional.

Emergency modes of ventilation are not intended for long-term ven-
titatory support. An emergency mode is invoked when the ventilator
detects a significant change in the state of the patient or the ventilator.

Breath parameters may be selected by the operator for apnea and
disconnect ventilation; factory-preset parameters apply for the BACK
UP VENTILATOR mode.

Table 3-7 describes the causes, manifestations, and corrective ac-
tions associated with each ventilator-initiated emergency mode.

3-28
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Table 3-7. Initiation and Cancellation of Emergency Modes

(Vanlilatormlnilialed
Emergency Mode

Cause

Enunciation

Action

Apnea
ventilation

Apnea is detected and no
LOW INSPIRATORY
PRESSURE alarm exisis
{if in CMV or SIMV).

Apnea alarm active,
[APNEA VENTILATION]
appears in message
window.

Check patient condition
and the patient service
system. Press <ALARM
RESET > . (Auto-resets af-
ter the patient completes
two consecutive breaths
returning 50% of the set
apnea tidat volume.)

bisconnect
ventilation

Patient service circuit
may be occluded, discon-
nected, or kinked.

Audible alarm sounds,
ALARM display tlashes,
HIGH PRESSURE LIMIT in-
dicator flashes, [AIRWAY
PRESS DISCONN] appears
in the message window.

Check patlent service sys-
tem and press <ALARM
RESET > . Does not
auto-reset.

Back up
ventilation

Ventilator has failed a sys-
tem error-initiated POST.

Ventilator has detected the
third system error in 24
hours.

Supply voltage falls to less
than 80% of rated value,

Audible alarm sounds,
BACK UP VENTILATOR
display ililuminates.

Audible alarm sounds,
BACK UP VENTILATOR
display illuminates.

Audible alarm sounds,
[LOW AC POWER)] appears
in message window, BACK
UP VENTILATOR display
ifluminates.

Identify and correct problem.
Do not use on a patient until
repaired.

Identify and correct problem.
Do not use on a patient until
repaired.

Identify and correct problem.
Do not use on a patient urtil
supply voltage is restored to
normal.

Safety Valve
Open

.

Available gas supplies are
nonfunctional.

POST is running.

Ongoing checks detect a
system fauit.

AC voltage is lost.

Audible alarm sounds,
SAFETY VALVE OPEN dis-
play Hluminates, LOW
PRESSURE O3 INLET and
LOW PRESSURE AIR INLET
indicators flash, [SVO DUE
TO LSP] appears in mes-
sage window.

SAFETY VALVE OPEN
display llluminates, no
audible alarm.

Audible alarm sounds,
SAFETY VALVE OPEN
display Hluminates,
VENTILATOR INOPERATIVE
display Hlluminates. [ERR
99XX BO NOT USE] appears
in message window, where
89XX is an error code.

Audible alarm sounds, no
displays visible.

Provide alternate ventilatory
support. Replace gas sup-
plies and press <ALARM
RESET > . If a compressor is
installed, check the com-
pressor circuit breaker.

None required. SAFETY
VALVE OPEN is pan of nor-
mal POST.

Provide alternate ven-
tilatory support. Record er-
ror code shown in mes-
sage window. Do not use
the ventilator until serviced.

Provide alternate ven-
filatory support. Check
power cord, electrical oul-
let, and circuit breaker.

22300 A 9-90
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Table 3-8 describes the breath parameters and values employed

during emergency ventilatory modes.

Table 3-8. Parameters/Thresholds and Values for Ventilator-Initiated Emergency Modes

-

APNEA/DISCONNECT VENTILATION

NOTE - The operator should enter values for tidal volume, respiratory
rate, peak inspiratory flow, and O, for apnea ventilation consistent with
normal parameters. These values are also used by the ventilator for dis-
connect ventiation.

Function Value/Availability in Apnea or Disconnect Ventilation
Waveform Square wave
PEEP/CPAP Retains current setting; in Disconnect Ventilation, do not raise PEEP setting
Tidal Volume Operator selects vaiue from 0.10 to 2.5 liters (default: 0.5 liter)
Respiratory Rate Operator selects value from 0.5 to 70 bpm (defauit: 12 bpm)

Peak Inspiratory Fiow
Sensitivity

02%

Plateau

High Pressure Limit

Low Inspiratory Pressure
tLow PEEP/CFPAP Pressure
Low Exhaled Tidal Volume

Low Exhaled Minute Volume
High Respiratory Rate

Low Pressure O» Inlet

Low Pressure Alr Inlet
Automatic Sigh

100% Oz Suction

Nebulizer
Alarm Silence
Alarm Reset
Lamp Test
EST

Operator selects value from 10 to 120 Lpm (default: 45 Lpm)

In Apnea Ventilation: retains current setting
In Disconnect Ventilation: current setting remains in ventilator memory but
is ignored (patient-initiated breathing unavailable)

Operator selects value from 21 to 100% (default: 100% oxygen) if O; is
unavailable, air is delivered.

0.0 seconds (Plateau feature disabled)

Retains current setting (In Disconnect Ventilation, patient pressure displays
may be unreliable due to disconnection, occlusion, blocking, crimping, or
the presence of condensate in the patient circuit.)

0 (disabled)

0 (disabled)

0 (disabled)

0 (disabled)

0 (disabled)

Effective, as in normal operation
Effective, as in normal operation
Off (suspended})

Off (suspended)

Off (suspended)

Effective, as in normal operation
Effeclive, as in normal operation
Canceled, if selected
Inoperative

330
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Table 3-8. Parameters/Thresholds and Values for Ventilator-Initialed Emergency Modes (continued)

(BACK UP VENTILATION h
Fupetion  Valus/Availability in Back Up Ventilation
Waveform  Square
PEEP/CPAP Pressure  Retains current setting; do not raise PEEP setting
Tidat Volume 0.5 Hter {Actual delivered volume is dependent on
endotracheal iube size and flow rate.)
Resplratory Rate 12 bpm
Peak Inspiratory Flow 45 Lpm
Sensitivity  Ignored
0-% 1009 oxygen Is administered if available; otherwise, air is used
Plateau 0.0 seconds (Plateau feature disabled)
High Pressure Limit  The BUV pressure switch limits pressure in the patient system to
approximately 30 cmHz0 above PEEP
Low Inspiratory Pressure O (disabled)
Low PEEP/CPAP Pressure 0 {disabled)
Low Exhaled Tidal Volume 0 {disabled}
| ow Exhaled Minute Volume 0 (disabled)
High Respiratory Rate 0 (disabled)
Low Pressure O Inlet  Alarm nonfunctional; automatic gas supply switch-over circuits functional
Low Pressure Air Inlet  Alarm nonfunctional; automatic gas supply switch-over circuits functional
Automatic Sigh  Off (suspended)
100% Qo Suction  Off (suspended)
Nebulizer  Off (suspended)
Alarm Silence  Inoperative
Alarm Resel  Inoperative
Lamp Test  Inoperative
EST Inoperalive
. /
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Posto perational When the patient no longer requires ventilatory assistance, disconnect

Procedures

Figure 3-16. Turning Off Equipment

the patient from the ventilator. Atthis time, perform the following steps:
A

Turn off all equipment and disconnect the gas supplies
(Figure 3-186).

1. Lowaer the ventilator PEEP knob to zero.

2. Turn off and disconnect all optional equipment (except for the
7202 Display).

3. Turn off the humidifier.

4. Turn off and unplug the ventilator.

5. Disconnect the gas supplies.

6. Drain water traps and inspect them.

7. Disconnect the 7202 Display (if necessary).
8

Disconnect the analog signal recorder or remote nurse’s call
(if used).
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B. Remove monitoring sensors, if used (Figure 3-17).

1. Open main flow bacteria fitter compartment door and guide
cable from siot.

2. Remove sensor and tee adaptor.

3. Disconnect temperature sensor.

| 89-00103-BWE7-10

Figure 3-17. Removing Monitoring Sensors
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C. Remove the simplified circuit by detaching its limbs from connec-
tions at the humidifier outlet, the collector vial, and the patient wye.
Remove the tube hanger from the flex arm (Figure 3-18).

Patient
circuit-

=

Col

Figure 3-18. Removing the Patient Service Circuit

D. Remove the components of the humidifier circuit, as illustrated in
Figure 3-19. (The Cascade |l Humidifier is shown; for other humidi-
fiers, refer to the appropriate operator’'s manual for removal

instructions.)
WARNING - To avoid risk of burns, allow the Cascade If

Humidifier to cool at least 15 minutes before removing it. If another
humidifier is used, consult the operator's manual for the required

cool-down time.
1. Disconnect the humidifier inlet tube.

2. Remove jar, cover, and heater.

3. Open the main flow bacteria filter compartment door.
4

5

Disconnect the tubing from the filter.
Remove the main flow bacteria filter.
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Figure 3-19. Removing the Humidifier

E. Forbottom-loading exhalation compartments, remove the exhala-
tion bacteria filter.

1. Remove collector vial and tee.
2. Swing out filter clamp (Figure 3-20).
3. Pull out filter and heater assembly from compartment.
4. Remove filter from heater.
CAUTION - Forcing the heater into the compartment could damage

the assembly. When installing the heater, allow the electrical con-
nection to mate properly.

. 90-00040-BWET-02 -

Figure 3-20. Removing the Exhalation Bacteria Filter

22300A 9-90 3-35



Summary for Selecting
Ventilator Settings

Table 3-9 summarizes how to select ventilator functions.

Table 3-9. Selecting Venlilator Functions

(

Funetion

How Specified

Indicators .

Mode
(CMV, SIMV, or CPAP)

1) Press mode key.

2) Press <ENTER>.

1} Mode name and [ENTER] prompt
appear in message window.

2) Indicator lights on mode key and
two beep tones sound.

Waveform
{Square, Descending
Ramp, or Sine)

1) Press waveform key.

2) Press <ENTER>.

1) Waveform name and [ENTER]
prompt appear in message window.

2} Indicator lights on waveform key
and two beep tones sotnd.

Breath Parameter

(Tidal Volume, Respira-
tory Rate, Peak Ins-
piratory Flow, Sensitivity,
02%, or Plateau)

1) Press breath parameter key.

2) Key In numeric value for
paramester.

3) Press <ENTER:>.

1} Parameter name and current
setting appear in message window.

2) New value appears in message
window.

3) Two beep tones sound and new
setting is accepted. (Four beep tones
indicate an eniry error; see Eror
Messages In this chapter)

Alarm Threshold

(High Pressure Limit, Low
Inspiration Pressure, Low
PEEP/CPAP Pressure, Low
Exhaled Tidal Volume, Low
Exhaled Minute Volume, or
High Respiratory Rate)

1) Press alarm threshold key.

2) Key In numeric value.

3) Press <ENTER>.

1) Threshold name and cutrent
setting appear in the message
window.

2) New value appears in message
window.

3} Two beep tones sound and new
setting is accepted. (Four beep tones
Indicate an entry error; see Error
Messages In this chapter)

100% O, Suction
{turns on or off)

1) Press <100% O»
SUCTION > key.

2) Press <ENTER>.

1) Function name and [ENTER]
prompt appear in message window.

2) Two beep tonas sound; indicator
lights while function is active (up to
two minutes) and goes out when
inactive.

Manual Inspiration, Manual
Sigh (with sigh parameters
specified via <AUTOMATIC

SIGH> key)
NN

Press desired key.

Breath is dellvered {except if
mandatory inspiration in progress);
two beep tones sound; for sighs, the
SIGH indicator lights in the PATIENT
DATA section.

_/
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Table 3-9. Selecling Ventilator Functions (continued)

(" ,
Function

How Specitied

\

[ndicators

Automatic Sigh
{flurns on or off)

1) Press <AUTOMATIC SIGH >
key.
2) Press <ENTER>.

3) Key in values for each parameter
and press <ENTER>.

4) Press <ENTER>.

5) Choose manual or automatic sigh:

a) Stop here to specify manual sigh
parameters only (do not press
<ENTER>},

or

b) Press <ENTER> to activate
autornatic sigh; press <CLEAR> to
keep automatic sigh off.

1) Function name and the [ENTER]
prompt appear in the message window.

2) The parameter prompt appears.

3) As each value is entered, the next
prompt appears. When all parameters
have been specified, the update
prompt appears.

4) The [AUTOMATIC SIGH ON ENTER]
prompt appears.

5) Indicator lights on Automatic Sigh
key and goes out when the feature is
inactive; two beep tones sound.

Nebulizer
{turns on or off)

1) Press ihe <NEBULIZER>
key.

2) Press <ENTER>.

1) Function name and [ENTER] prompt
appear in the message window.

2) Indicator lights on Nebulizer key
and goes out when the fealure is
inactive; two beep tones sound.

< ++> Key Functions
{in general)

.

1) Press the <++> Key,

2) Seiect function number:

a) Press <ENTER> if
displayed function is the one
desired,

or

b) Press key(s) for function
number and press <ENTER >,
or

c) Press <++> key or <x}k>
key to scroll forward or
backward to function number,
and press <ENTER>.

3) Press <ENTER>.

4} Key in value for each function
parameter and press <ENTER>.
{See Selacting <++> Key
Functions, Table 3-4, or appropriate
oplion appendix far details.)

5) Press <ENTER>.

1) Function select prompt appears.

2) Function name appears.

3) Parameter prompt appears.

4) As each value [s entered, the next
parameter prompt appears. When all
parameters have been specified, the
update prompt appears.

5) Parameters-on message appears,
indicator lights on <++> key while
function is active.

—
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=Care and Maintenance

N

Introduction

Cleaning and Sterilizing

Procedures such as cleaning, sterilizing and periodic maintenance
must be performed to ensure consistent ventilator operation. This
chapter recommends methods and time frames for performing these
care and maintenance procedures for the 7200ae Ventilator. These
should be adapted to your institution’s policies and protocols.

This section describes general procedures for cleaning and sterilizing
some parts of the 7200ae Ventilator, daily and between patients. Some
ventilator parts must be disassembled before cleaning and sterilizing.
Table 4-1 gives specific recommendations for cleaning and sterilizing
parts and ventilator surfaces.

NOTE - Puritan-Bennett recognizes that cleaning, sterilization,
sanitation, and disinfection practices vary widely among health care
institutions. It is not possible for Puritan-Bennett to specify or require
specific practices that will meet all needs, or to be responsible for the
effectiveness of cleaning, sterilization, and other practices carried out
in the patient care setting.

Puritan-Bennett does recommend that users of its products, which
require cleaning and sterilization/disinfection, consider the National
Standards and Recommended Practices for Sterilization published by
the Association for the Advancement of Medical Instrumentation
(AAMI), as well as the following Center for Disease Control (CDC) pub-
lications: Guidelines for Maintenance of In-Use Respiratory Therapy
Equipment and Guidelines for Prevention of Nosocomial Pneumonia.

22300A 9-90

4-1



Table 4-1. Cleaning and Sterilizing of Ventilator Parts and Surfaces

4 Part

Recommended Action

Cautions

Ventilator exterior, front panel,
and console cover

Wipe clean with a damp cloth
and mild detergent.

Do not use liquid bactericide. Do not
allow moisture to sit between keyboard
panel and console cover.

All other outside surfaces,
Including flex arm

Wipe clean with alcohol or
bactericide.

Do not aliow liquid to penetrate the ven-
filator or keyboard display panel. Do not
atternpt to sterilize the ventilator by ex-
posing to ETO gas.

Gas supply water traps

Wash in mild solution of soap
and water.

Bo not steam-autoclave, chemically
disinfect, or expose to ETO gas.

Accessory equipment
surfaces

Wipe clean with a damp cloth
and mild detergent.

Consult appropriate operalor's manual
for details.

Patlent tubing

Dlsassemble and clean. (See
Figure 4-1 o disassemble.} Then
steam-autociave,

chemically disinfect, or expose 1o
ETO gas.

If submerged in liquid during cleaning
and sterilizing, blow moisture from in-
side tubing with pressurized air before
using. Inspect for nicks and cuts.

In-line water traps

Disassemble and clean.
Then steam-autoclave, chemically
disinfect, or expose to ETO gas.

Check for cracks.

Nebulizer

Disassemble and clean.
Then steam-autoclave, chemically
disinfect, or expose to ETO gas.

Ensure that nebulizer jet passages are
cieaned with the jet cleaning rod pro-
vided with the nebulizer.

Couplings and connectors

Steam-autoclave or chemically
disinfect.

If submerged in fiquid during cleaning
and steritizing, blow moisture from in-
side with pressurized air before using.
Inspect for nicks and cuts.

Collector vial

Clean and sleam-autoclave,
chemically disinfect,
or expose to ETO gas.

Check for cracks.

Bacterla filters

Steam-autoclave reusable filters.
Discard disposable or
single-patient use filters.

Do not chemically disinfect or expose
to ETO gas. Check resistance of filter
before reusing. {See Figure 4-2 and
Figure 4-3.)

Exhalation flow sensor and in-
ternal exhalation valve

Do NOT ciean.

Do not attempt to remove the flow sen-
sor and valve. Do not flush them wilh
liquids or pressurized air. To clean the
exhalation flow circuit, remove and
clean the exhalation bacterla filter, col-
lector vial, and tee. No further cleaning
Is required.

4-2
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Figure 4-1. Disassembly of the Patient Service Circuit
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1. Altach a gas source and 2. Aftach the pressure 3. Attach the opposite end of
reguiator to a pressure gauge to one end of the the filter to a flow meter.
gauge, filter.

4. Maximum allowable

, pressture drop across
nebulizer filters is 21

— cmH,0 (0.3 psi) at a

flow of 10 Lpm. Maxi-

mum ailowable pres-

sure drop across main

Pressure gauge

Alr source '
1=} flow and exhalation
—0 bacteria filters is 4
_ ( ) _ cmH,0 (0.06 psi) and
= H minimum is 1 cmH,0
> f: (0.01 psi), at a flow of
Pressure regulator Filter Flow meter 100 Lpm.

Figure 4-2, Measuring Resistance of the Bacteria Filters with a Metered Air Source

1. Attach one end of a lee
connector to the
ventilator outlet port.

2. Attach the inlet port of the
= filter to the other end of the
/ ' tee connector,

//< 7N =

4. Connect an external \ \ VJ)

pressure gauge 1o

id i 3. Ensure that outlet end of
sidearm of tee. filter is free and unobstructed.

5. Set the ventilator as follows: \
mode cMvV
waveform square '

tidal volume 2.5 liters
peak inspiratory flow 100 Lpm

6. Press <MANUAL INSPIRATION> and
read pressure on the calibrated external
pressure gauge.

7. The filter must be replaced if the pressure drop is:
¢ greater than 4 cmH,0O (0.06 psi), Indicating occluded filter material, or
* lessthan 1 cmH,0 (0.01 psi}, indicating the filter material may be ruptured.

Figure 4-3. Measuring Resistance of the Bacteria Fiiters with an External Gauge
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Cleaning

Sterilization/Disinfection

When cleaning parts, avoid the use of hard brushes or other instru-
ments likely to cause surface damage.

1. Wash parts in warm water and detergent.

CAUTION - Follow the detergent manufacturer’s instructions. Ex-
posure to detergent solution stronger than necessary can shorten
the useful life of the product. Rinse parts thoroughly to remove all
detergent residue. Wipe parts dry. Detergent residue can cause
blemishes or fine cracks, especially on parts exposed to elevated
temperatures during sterilization.

2. Rinse parts thoroughly in clean, warm water (tap water is
acceptable).

3. Wipe parts dry.

4. Puritan-Bennettrecommendsthatall parts beinspected each time
they are cleaned.

Some parts of the ventilator can be steam autoclaved, exposed to ETO
gas, or immersed in appropriate chemical disinfectant solutions.

NOTE - Because conditions and practices in health care institutions
vary, this manual can only describe general guidelines for these three
methods. Itis the user’s responsibility to ensure the validity and effec-
tiveness of the methods used.

The cleaning, sterilizing, and reuse of single-patient use and dispos-
able products is not recommended.

When sterilizing tubing, coil the tubing in alarge loop, avoiding kinks
and crossover of tubing on tubing. The lumen should be free of any
visible droplets prior to wrapping.

E WARNING - Because some components that come into contact
| with inspired gases may absorb certain sterilizing agents, they may
|| be sterilized by only one or two of the techniques described. For pa-
| tient’s safely, heed the cautions listed in Table 4-1. With other com-
L ponents, exposure to sterilizing agents may reduce their useful life.

The sterilization/disinfection method determines in what order these
steps are performed:
Steam autoclaving or ETO exposure  Chemical disinfection

1. Disassemble. 1. Disassemble,
2. Clean. 2. Clean.

3. Inspect. 3. Inspect.

4. Reassemble. 4, Disinfect.

5. Sterilize. 5. Reassemble,

Steam Autoclaving

CAUTION - Autoclavable parts will withstand repeated steam
autoclaving at temperatures not to exceed 135 °C (275 °F).

1. Ensurethat the part has been disassembled, cleaned, and partially
reassembled, as applicable.

2. Separately wrap the part in muslin or equivalent paper wrapper.

22300A 9-90
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Periodic Maintenance

3. Steam-autoclave according to the autoclave manufacturer’s
instructions. In many institutions it may be routine to place a bio-
logical indicator in the autoclave load as a subsequent test for ste-
rility.

4. Aseptically store the part until use.

Exposure to ETO Gas

1. Ensure that the part has been disassembled, cleaned, and
partially reassembled, as applicable.

2. Separately wrap the part in packaging that is suitable for ETO ster-
ifization.

3. Place the part in an ETO sterilizer and expose to a gas sterilizing
cycle recommended by the sterilizer manufacturer, or a cycle vali-
dated by your health care institution.

4. Placethe partinan ETO aerator and degas for atime and at atem-
perature recommended by the aerator manufacturer or foundtobe
satisfactory by your health care institution. Use proper aeration
technique to ensure elimination of residual ETO.

5. Aseptically store the part until use.

Chemical Disinfection
For chemically disinfected parts, reassemble after disinfecting.

CAUTION - Formaldehyde and phenol-based disinfectants are not
recommended because these agents can cause cracking and
crazing of plastic parts. Exposure of components {o disinfectant
concentrations stronger than required or for excessive time may
shorten product life. Parts should be thoroughly rinsed and dried to
prevent spotting and blemishes when exposed to elevated tem-
peratures. Refer to Puritan-Bennett Product Catalogs for materials
of some sterilized parts. '

Separately immerse each part in the chemical disinfectant. Follow
the disinfectant manufacturer’s directions for the sclution concen-
tration, immersion times, and other conditions for disinfection. The
use of a laminar air-flow hood during the chemical disinfection
process is recommended.

Thoroughly rinse and dry each part.
Aseptically reassemble (as required) and store the part until use.

This section includes detailed operator maintenance. Table 4-2 sum-
marizes these procedures. Refer to the elapsed time meter located on
the back of the ventilator for total hours of operation (Figure 4-4).

4-6
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Table 4-2. Schedule for Periodic Mainlenance

-

Frequency
Required

Component

Maintenance

Daily

Nebulizer bacteria filter, main flow
bacteria filter, exhalation bacteria filter

Exhaled gas collector vial, oxygen
supply water trap and filter, air supply
water trap and filter

Check filters daily for occlusions and tears.
Ensure that the ventilator functions normally
with them in place. Monitor performance of
disposable filters and replace as needed.
Measure resistance of reusabie filters after
sterilization.

Check and empty, as required, every shift.

250 Hours

Compressor compartment cooling fan
filter*, elecironics compartment cool-
ing fan tilter*

Glean. (A screwdriver may be required
to remove filters.)

2,500 Hours

Various components

Use 2,500-hour preventive maintenance kits.

10,000 Hours

Various components

Use 10,000-hour preventive maintenance kits.

Annually

Nebulizer bacteria filter, main flow
bacteria fiiter, and exhalation bacteria
filter (reusabie filters only)

Replace and destroy reusabile filters.

*NOTE - Clean the fan filters more often than every 250 hours if necessary. (Some environments cause a
quicker collection of lint and dust.)

Elapsed time
meter

\
T

s
=
)
&)

=

Figure 4-4. Location of Elapsed Time Meter
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Daily: Main Flow and Exhalation Bacteria Filters

The maximum allowabie pressure drop across a new main flow or ex-
halation bacteriafilter is 4 cmH,O (0.06 psi) at aflow of 100 Lpm. (Refer
to Figure 4-2 or Figure 4-3 for how to measure resistance.) Replace
the filter if:

¢ the measured pressure drop exceeds 4 cmH,0, which may indicate
an occluded filter medium, or

» the measured pressure drop is less than 1 cmH,0, which may indi-
cate a ruptured filter medium.

Daily: Gas Supply Water Traps and Filters (Air and Oxygen)

Visually inspect each trap and filter for buildup of condensate or par-
ticulate contaminants during each shift {(or as often as is appropriate,
based on previous experience). To purge condensate, press or loosen
the drain valve at the bottom of the trap. See Figure 4-5 or Figure 4-6
for reference in disassembling the water traps and filters.

When the trap requires cleaning (less often than daily}, washitina
mild solution of soap and water, rinse well, and dry. For water traps with
the spring-type drain, discard and replace the filter element when the
bowl is removed. ‘

4. Remove screws
securing the
connector to
base.

5. Remove the

connector to
3. Remove filter
element and
discard. Do not
reuse the filter

expose the
filter.
element once

the bowt is
@ removed.®
2. Unscraw bowl

from cap.

1. Push up spindle to drain the bowi.

*CAUTION - Replace the filter element each time the bowl is re-
moved. The filter element is pressed into place and when removed,
it remains compressed. If the element is reused, filtering efficiency
is reduced.

Figure 4-5. Disassembling the Gas Supply Water Trap and Filter
Assembly (spring-type drain)

48
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Daily: Nehulizer Bacteria Filler

The maximum allowable pressure drop across a new nebulizer bacte-
ria filter is 21 cmH,O (0.3 psi) at a flow of 10 Lpm. If the measured pres-
sure drop exceeds this maximum, the filter must be replaced. Thefilter
should be inspected and replaced if the filter medium is punctured.
{See Figure 4-2 for how to measure resistance.)

NOTE - Since relatively high pressure powers the nebulizer, particle
buildup is not a problem unless itis severe enough to reduce nebulizer
performance.

Daily: Exhaled Gas Collector Vial

Inspect this water trap frequently when the ventilatoris operating to en-
sure than an excessive amount of condensate has not accumulated.
Empty the vial by removing from the circuit.

The vial should be cleaned, as necessary, in a sofution of soap and
water, to prevent buildup of residue. Thoroughiy rinse, dry, and sterilize
before returning to use.

5. Remove connector to expose filler.

4. Remove screws securing
connector 1o the base.

3. Unscrew
filter
3. Unscrew stem element
from cap and from cap.
lift off filter

element. % l
I
|
l
I_ _J

2. Unscrew bowl from cap.

1. Loosen nut to drain bowl.

Figure 4-6. Disassembling the Gas Supply Water Trap and Filter
Assembly (screw-type drain)

22300 A 9-90

4-9



Every 250 Hours

Clean the electronics compartment cooling fan filter and compressor
cooling fan filter (if the ventilator has a compressor) every 250 hours.
See Figure 4-7 and Figure 4-8 to remove the filters.

Wash each filter in a mild solution of soap and water, rinse
well, and dry, to ensure an unrestricted flow of air through the
compartments.

NOTE - Clean the fan filters more often than every 250 hours if neces-
sary. (Some environments cause a quicker coilection of lint and dust.)
It may be necessary to clean the compressor filter more often due toits
tendency to collect lint.

 Lift up louver - -
panel and remove.

. Lift up fiter
“with tab and.
- remove fil

Figure 4-7. Removing the Electronics Compartment Cooling
Fan Filter
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Figure 4-8. Removing the Compressor Compartment Cooling
Fan Filter

Every 2,500 and 10,000 Hours

Puritan-Bennett recommends that a technician perform preventive
maintenance at every 2,500 and 10,000 hours of service. Table 4-3 lists
the kits available for these scheduled maintenance procedures.

Table 4-3. Preventive Maintenance Kits

ﬁ
Preventive Hours of Kit Part
Maintenance for: Service Number
Ventilator, all voltages and 2,500 4-020291-00
frequencies {Level )
Compressor, all voltages 4-020292-00
and frequencies
Ventilator, 115V, 60 Hz 10,000 4-020790-00
(Levetl lI}
Ventitator, 220/240 V, 50/60 Hz 4-020804-00
Ventilator, 100 V, 50/60 Hz 4-020803-00
Ventilator, 115V, 60 Hz 4--020791-00
Ventilator, 220/240 V, 50 Hz 4-020801-00
Ventilator, 220 V, 80 Hz 4-020802-00
Ventitator, 100 V, 50 Hz 4-020798-00
Ventilator, 160 V, 60 Hz 4-020799-00
\ _/
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Self-Diagnostics

Lamp Test

Annually

Replace these reusable filters after one year of service, regardiess of
their apparent condition: nebulizer bacteria filter, main flow bacteria fil-
ter, and exhalation bacteria filter. (For disposable and single-patient
use filters, follow manufacturer’s recommendations.)

The ventilator has several tests by which it can self-diagnose certain
problems. For example the lamp test checks keyboard operation and
the battery check tests battery power. Other major self-diagnostics are
the ventilator's self-tests; Chapter 5 describes them in detail.

Initiate the lamp test by pressing the <LAMP TEST > key. Lamp test
checks six sections of the ventilator keyboard display panel as shown
in Figure 4-9. The sections are numbered 1 through 6 to indicate the
order in which they are tested. As one section is being tested, itillumi-
nates and the others remain blank. After all sections are tested, the se-
quence repeats. To cancel lamp test, press any key at any time during
thetest. If the ventilator detects an emergency condition, it cancels the

test.

When lamp test first starts, the message display window shows the
current software level of the ventilator. Then the tests of the sections
begin; each section test takes a few seconds. During the tests of sec-
tions 1 through 3, the indicators flash. While sections 4 through 6 are
tested, the displays illuminate but do not flash. The audible alarm
sounds while sections 2, 3, 4, and 6 are being tested, and the remote
nurse’s call is activated while section 1 is being tested.

The analog meter and the signals for the analog signal recorder are
checked while sections 2 through 6 are being tested. The meter’s nee-
dle and the recorder's signal are set to 25% of full-scale deflection
while section 2 is being tested, to 50% while section 3 is being tested,
to 75% while sections 4 and 5 are being tested, and to 100% while sec-
tion 6 is being tested.

Have any indicator light or display replaced that does not illuminate
when tested, before the ventilator is used. Replacing indicator lights or
displays usually requires removal of the keyboard display panel and
shouid only be performed by a qualified service technician. (For Basic
keyboards, instructions for replacing the alarm summary bulbs are
shown in Figure 4-10.)

412
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Enhanced Keyboard

Basic Keyboard

Figure 4-9. Lamp Test Keyboard Section Sequence

413
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Figure 4-10. Replacing Alarm Summary Display Bulbs in Basic Keyboard

Battery Check

Sufficient power in the internal batteries is important for proper ventila-
tor operation. Low batteries should be replaced as soon as possible to
ensure accurate equipment function.

WARNING — Do not replace the batteries while the patient is
connected to the ventilator.

Theventilator tests battery power each hour. Youmay also check the
batteries by pressing <ALARM RESET >. The LOW BATTERY alarm
indicator comes on several seconds after battery power falls below ap-
proximately 4 volts. When lit, LOW BATTERY means that battery power
is inadequate to sustain, for one hour, the audible alarm and informa-
tion in battery-backed memory.

If the LOW BATTERY alarm indicator is illuminated, you should:
* provide alternate ventilatory support for the patient,

¢ monitor the LOW BATTERY indicator while running the ventilator
for two hours with no patient connected,

* press <ALARM RESET > to run a battery check. If the indicator
comes back on several seconds later, replace both batteries.

4-14
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Refer to Figure 4-11 for how to replace batteries. (Refer to the Stor-
age section in this chapter for the effects of battery replacement on
ventilator settings.) Be sure to connect the batteries with the correct
polarity. If the batteries are incorrectly connected, they will not slide
back into the ventilator.

if the LOW BATTERY indicator comes back on after you have re-
placed both batteries and pressed <ALARM RESET>, contact a
service technician.

= F

i

189.00115-BW67-13 ___89-"_(_)9-1:15.'?.“?6?48

Figure 4-11. Replacing Batteries
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Ongoing Checks in
Ventilator Maintenance

Storage

Ongoing checks, combined with the ventilator’s seli-diagnostic tests,
assist the operator in verifying the ventilator’s performance. These
checks run continuously during normal operation and are able to de-
tect system errors and system faults. (A system error is an electronics
failure that may not jeopardize the ability to deliver gas to a patient. A
system fault jeopardizes the ventilator’s ability to deliver gas.)

If the ongoing checks detect three system errors within 24 hours, the
Back Up Ventilator mode is automatically initiated and an audibie
alarm sounds.

Detection of criteria indicating a system fault shuts down ventilator
function. When this occurs, the safety valve opens, the VENTILATOR
INOPERATIVE indicator lights, the audible alarm sounds, theerrorisre-
corded in batter-backed memory, and an error message appears. Turn
the ventilator off then on to run POST and EST to further diagnose the

problem.

When a system error occurs, the audible alarm sounds, the error is
recorded in battery-backed memory, and POST automatically runs.
Turn the ventilator off then on to run EST to further diagnose the
problem.

If the ventilator is stored for more than 200 days, the following precau-
tions should be taken:

¢ Be sure that the temperature and humidity of the storage site fall
within the ranges specified in the features and specifications table in
Chapter 1.

* Avoid storage conditions that may promote buildup of static charge.
This includes, for example, storing the ventilator on insulated mate-
rial. Static buildup may damage the microprocessor electronics.

* Remove the internal batteries before storage. (Replace the internal
batteries before using the ventilator again.)

The expected life of the batteries is 200 days when the ventilator is
left unplugged. If you turn on the ventilator after it has been unplugged
for an extended period, the LOW BATTERY afarm may come on. lfthe
indicator does illuminate, charge the batteries for 4 hours by leaving
the ventilator plugged in and turned on (with no patient connected). i
LOW BATTERY s still on after 4 hours, replace the batteries.

Whenever battery voltage becomes low while the ventilator is turned
off, it is possible that information may be lost from battery-backed
memory. Should such loss occur, it is detected through POST and the
ventilator replaces the lost values with factory-preset values. Before
connecting the ventilator to a patient, review all ventilator settings, ad-
justing them as necessary.

4-16
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Repacking

Repairs

If itis necessary to ship the ventilator for any reason, try to use the origi-
nal packing materials. If these materials are not available, you can or-
der a repacking Kit:

« Stand-alone ventilator, P/N 4-015241-00,
 Ventilator with compressor pedestal attached, P/N 4-015240-00, or

« Compressor/pedestal packed separately, P/N 4-015242-00.

Instructions for repacking are provided with these kits and in the
7200 Series Service Manual (P/N 4-031052-00).

This chapter describes some ofthe repairs an operator may performto
ensure proper ventilator function. For repairs notincluded in this chap-
ter, see the 7200 Series Microprocessor Ventilator Service Manual.

Puritan-Bennett offers a biomedical engineering technician pro-
gram to train your technical service staff. Through its nationwide serv-
ice facilities, Puritan-Bennett also offers preventive maintenance on a

contract arrangement.

Contact your Puritan-Bennett representative for details concerning
these services and programs.

22300 A 9-90
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Replacement Parts The following figures show replacement parts that may be ordered
from Puritan-Bennett.

4-0063086-00

4-003790-00
Q

(0

4-018336- &
00 Ai 4-018088-00

4-000016-00

/ f! 4-000034-00

£ =
4-006541-00 4-020278-00
4-011355-00 4-020279-00

4-018230-00
4-018231-00
4-018371-00

{
* 4
4-001474-00 \..___//

Figure 4-12. Replacement Parts for the 7200ae Ventilator
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Table 4-4. Replacement Parts for the 7200ae Ventilator

(" Part Number Part h
4-000016-00 O-ring, airfoxygen inlet assembly
4-000034-00 Filter, air/oxygen infet assembly
4-001375-00 Support amm {not shown)
4-001474-00 Hose, high pressure, oxygen
4-003443-00 Coupling
4-003790-00 Bacteria filier with coupling, main flow, reusable
4-003791-00 Bacteria filter, nebulizer
4-003792-00 Bacteria filter, main flow, reusabie
4-008306-00 Bacteria filler, main flow, OmniFilter
4-008308-00 Bacteria filter with coupling, main flow, OmniFilter
4-008541-00 Hose, high pressure, air
4-010793-00 Bacteria filter, exhalation, Single-Patient Use
4-011241-00 Gasket, humidifier mounting
4-011355-00 Test lung
4-011720-00 Tube, from filter to humidifier
4-018088-00 Filter, electronics compartment cooling fan
4-018182-00 Flex arm, with flexible tip
4-018230-00 Heater, bacteria filter, boltom-loading, 115V
4-018231-00 Heater, bacteria filter, bottom-loading, 230V
4-018336-00 Panel, removable louver
4-018371-00 Heater, bacteria filter, bottom-loading, 100 V
4-019188-00 Mounting piate, hurnidifier
4-020278-00 Water trap and filter assembly, high pressure O, (see Figure 4-13 or
Figure 4-14 for detalls)
4-020279-00 Water frap and filter assembly, high pressure alr (see Figure 4-13 or
Figure 4-14 for details)
4-020724-00 Tube hanger
4-020808-00 Tee adapter, collector vial (simplified circuit)
4-020809-00 Collector vial {simplified circuit)
4-022125-00 Parts List, 7200 Series {not shown}
4-022300-00 Operator’s Manual, 7200ae Ventilatory System {not shown)
4-030198-00 Lamp, alarm summary display (Basic keyboard only)
4-031052-00 Service Manual, 7200 Series (not shown)
- Patient service circuit (see Table 4-5 for delalls)
- J
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O-ring 4-000016-00

Filter head assembly
4-015081-00 (air)
4-015082-00 (oxygemn)

O-ring
4-008467-00

Filter element*
4-020282-00

@ Bowl/drain kit
4 4-015083-00

7

*CAUTION - Replace the filter element each time the bowl is re-
moved. The filter elementis pressed into place and when removed,
it remains compressed. If the element is reused, filtering efficiency
is reduced.

Filter
4-000034-00

Figure 4-13. Replacement Parts for Gas Supply Water Trap and
Filter Assembly {with spring-type drain)

O-ring Filter 4-000034-00
4-0000

Filter head assembly

4-020278-00 {oxygen)
Screw 4-000875-00 4-020279-00 (ak)
(2 for oxygen inlet,

3 for air inlet)

Filter element

{No longer stocked. )

Order a new filter Eilgs%lggn_%%t
element.)

|
[
Stem (No longer |
stock_ed. Order a f

new filter element.) ] _J

—_— - —

Bowl | Gasket
replacemel?t Bowl
it
4-020789-00 | Drain

Figure 4-14. Replacement Parts for Gas Supply Water Trap and
Filter Assembly (with screw-type drain)

4-20
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Tahle 4-5. Accessories List

22300 A 9-90

~
( Parl Number Part
4-001963-00 Cascade | Humidifier (115V)
4--007900-00 Humidifier temperature alarm
4-009366-00 Cascade Il Humidifier {115V)
4-019715-00 05 Monitor with reusable sensor/cable assembly (includes Monitcr
{4-019701-00), sensor/cable assembly (4-011410-00), gel (4-004157-00),
and operating instructions {4-019705-00)
4-019330-00 0> Monitar ventilator mounting bracket
4-019741-00 ©2 Monitor universat mounting bracket
4-016902-00 Simplified patient service circuit (disposable)
4-018062-00 Simplified patient service circuit (disposabile), with in-line water traps and
nebutizer
6-003030-00 Simplitied patient service circult (disposable); integral temperature coupling
without nebulizer
4-018011-00 Simplified patient service circuit {reusable), removable temperature coupling
4-018017-00 Simplified patient service circuit (reusabls); integral temperature coupling
- Printer {consult your Puritan-Bennett representative to order)
—-= 7202 Display (consult your Puritan-Bennett representative to order)
.. /
4-2
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=Ventilator Self-Tests

HI
!

Introduction

Power-On Self-Test
(POST) Overview

Extended Self-Test
(EST) Overview

This chapter describes the self-tests for the 7200ae Ventilator: Power-
On Self-Test (POST) and Extended Self-Test (EST). These self-tests
check overall ventilator function by testing specific functions of ventita-
tor subsystems. EST has two forms: Quick Extended Self-Test
(QUEST), and Total Extended Self-Test (TEST).

The Power-On Self-Test (POST) runs for three reasons: when the venti-
lator is switched on, when QUEST or TEST is run, or when Ongoing
Checks detect a system error (discussed at the end of this chapter).
POST verifies that the electronic subsystem functions correctly and is
capable of detecting errors in microprocessor electronics.

POST lasts about 5 seconds. During POST, the ventilator’s safety
valve opens, the message [POWER-ON SELF-TEST] appears in the
message window, and the rest of the keyboard display panel blanks
out. These return to normal when POST completes successiuily.

An error message may appear in the message window when a test
fails during POST. The message has the form [WXYZ ERR], where
WXYZ represents the four numbers in an error code. Press the <++>
key to see a short information message about the error. Note the error
number and message and provide them to service personnel.

NOTE - The message [1401 ERR] indicates that battery-backed mem-
ory (BBR) has been reinitialized with default settings. The operator
should review all settings immediately.

Seethe section EST Error Messages and Error Codes in this chapter
for an explanation of other error codes and error types.

! WARNING - if the ventilator fails POST, the Back Up Ventilator
|| mode (an emergency mode of ventilation) initiates automatically.
| Replace the ventilator as soon as possible. Have the ventilator
i serviced before using on patients.

B WARNING - Never initiate EST while a patient is connected to
| theventilator. The ventilator does not provide normal ventilatory sup-
| portduring EST. A patient connected to the ventilator can be injured
| by airway pressures or gas flow controlled by EST (see Safely Fea-
| tures in Chapter 2).

Both types of EST are operator-initiated. Quick Extended Self-Test
(QUEST) should be performed every time the patient service circuit is
changed. Total Extended Self-Test (TEST) is a thorough self-diagnos-
tic which should be performed as part of ventilator maintenance. EST
cannot be run if POST has failed and the ventilator is operating in the
Back Up Ventilator mode.

22300 A 9-90
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EST and Digital Displays

Running EST

QUEST is a short diagnostic, approximately 2 minutes long, that pri-
marily tests the patient service system for leaks and calculates compli-
ance and area ratio values. These calculations are used by the micro-
processor in definition of patient breaths. QUEST also tests the ventila-
tor’s battery-backed memory (BBR).

TEST is a detailed check of major ventilator components and sub-
systems. TEST takes from 3 to & minutes, depending upon operator
experience and ventilator configuration.

An oxygen supply and high pressure air supply are required to run
TEST. For details on running QUEST or TEST, refer to the Running EST
section later in this chapter.

Both forms of EST perform critical and noncritical tests. Noncritical
tests check components and operations whose failure may not com-
promise patient safety. Critical tests check components and opera-
tions that would compromise patient safety if they failed. See Table 5-6
(EST Test Sequences) at the end of this chapter for a listing of critical
and noncritical tests. QUEST and TEST use identical criteria to deter-
mine pass/fail status when they perform the same test.

The ventilator’s digital displays are active during EST. A critical test fail-
ure during EST lights the red VENTILATOR ALLARM indicator in the ven-
tilator’'s alarm summary display. A noncritical test failure during EST
fights the yellow CAUTION indicator. During EST, the NORMAL indica-
tor remains lit until an error is detected; if NORMAL is lit at the end of
EST, then no errors were detected. Figure 5-1 summarizes these dis-
plays and their meanings.

1. Press the <EST> button on the utility panel to request EST. The
prompt [START EST - ENTER] appears in the message window.

2. Press <ENTER> if youwant o continue the self-test. The prompt
[PAT TUBING OFF — ENTER] appears.

3. Press <ENTER> after verifying that a patient is not connected to
the ventilator. The ventilator then runs POST.

4. When POST completes, the prompt [QUICK EST] appears. Torun
QUEST, press <ENTER>. To run TEST, press <++> and then
<ENTER>.

5-2
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Enhanced keyboard

PEAK FLOW lpm window: shows de-
livered air flow and BUV air volume.

05% window:

shows

flow as monitored /

by exhalation flow sensor.

TIDAL VOL window:

Analog meter:
shows analog
pressure,

cmMo0 window: — |
shows digital pressure.

RATE/I:E window: — ]
shows area ratio.

Liters window: — |
shows compliance.
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Basic keyboard

Analog meter: — |

shows analog
pressure.

cmH,0 window:

shows digital \

RATE/I:E window:
shows area ratio,
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pressure.
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PEAK FLOW window:
shows delivered air flow
and BUV air volume.

Figure 5-1. Digital Dispiays & Indicators Active During EST

shows delivered oxygen
flow and BUV O volume.

Message window:
shows prompts and
messages.

VENTILATOR
ALARM:
illuminates when a
critical test fails.

CAUTION:
{lluminates when a
noncritical error
aceurs.

NORMAL:
jlluminates as EST
proceeds normally.

Liters window:
shows compliance.

TIDAL VOL window:
shows delivered
oxygen flow and
BUV Qs volume.

02% window:
shows flow as
monitored by exha-
lation flow sensor.

Message window:
shows prompts
and messages.
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An EST request can be canceled in three ways:

* pressing <ALARM RESET> or <CLEAR> after pressing
<EST>.

* not responding to the prompts [START EST—ENTER] or [PAT
TUBING OFF—ENTER] within 18 seconds after they are dis-
played.

* pressing any ventilator status or setting key. Pressing <EST>
again requests EST.

NOTE - Once the test sequences have begun, the only way to stop
EST is to deliberately fail a step when the ventilator requests your re-
sponse. (For example, at [521 BLOCK WYE], you can ignore the
prompt until the message times out.) You will then see an error mes-
sage and [EST COMPLETE] or [EST FAIL]. Press <ALARM RESET >
and <ENTER> to override the error and stop EST.

5. Duringsome EST test steps, you are promptedto actorrespond. If
you don't press <ENTER> or <CLEAR:> in the time allotted

(usually 16 seconds), the test step falls.

e Press <ENTER > after you completethe action describedinthe
message window. For example, [521 BLOCK WYE] means that
you should block the patient wye. Then press <ENTER> to
confirm the action,

* Respond to the prompts [591 NEB ATTACH/] and [601 COMPR
ATTACH/] by pressing <ENTER > if the equipment is attached
or by pressing <CLEAR > to skip the tests if the equipment is
not attached. Performing these tests without a nebulizer or com-
pressor causes EST to fail.

* AtESTtest step 583 you are prompted to set PEEP to 35, 30, 20,
15, 10, 5, and 0 cmH»0. Respond to each prompt by turning the
PEEP/CPAP controf knob until the PEEP value (displayed in the
cmH,0 digital window) equals the specified amount. The area
ratio value is calculated while PEEP is lowered. Three short beep
tones signal you to turn the knob and a longer string of beep
tones notifies you to fine-tune the knob to the desired setting.

6. After EST successfully completes, do not turn off the ventilator
when [EST PASS] is displayed. Allow the ventilator time to start
ventilation automatically before turning it off. Turning it off before
ventilation begins causes [RUN EST— DO NOT USE] to appearthe
next time the ventilator is turned on.

NOTE - Failure to connect oxygen can cause EST to end in an EST
FAIL state.

Operator errors during EST can cause two error messages: [INVA-
LID KEY] or [OPERATOR RESPONSE TIMED OUT PLEASE RE-
SPOND TO THE PROMPT]. [INVALID KEY] means that you pressed
the wrong key in response to a prompt. Press the correct key to con-
tinue EST. Pressing an incorrect key twice causes [WXYZ ERR] to be
displayed. if this happens, press <k > twice, then <ENTER > to re-
peat the test.

If the [TIMED OUT] message appears, you may not have entered
the requested information or have taken the correct action within the

5-4
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Power Loss During EST

EST Leak Tests
and Patient Safely

EST Start/End Displays
and Operator Actions

allotted time. [TIMED OUT] may also be displayed if the ventilator can-
not respond correctly to an action. For example, [TIMED OUT] dis-
played when setting PEEP to zero may mean the PEEP circuit cannot
achieve a PEEP of 0, not that you responded incorrectly to the prompt.
If [TIMED OUT] is displayed, repeat the test. Make the correct re-
sponse within the allotted time to verify that a slow response did not
cause the message.

If the ventilator is turned off or joses power during EST, the prompt
[RUN EST—DO NOT USE] is displayed when power is restored. The
audible alarm sounds and the ventilator goes into back up ventilator
mode. The ventilator cannot be used until QUEST or TEST is run suc-
cessfully and passed or overridden.

EST test steps 541 and 542 test the patient tubing for leaks. Failure to
pass step 541 indicates a significant leak exists. Step 541 pressurizes
the patient tubing system to 90 cmH,0 at an air flow of 10 Lpm within
30 seconds. QUEST endsinan EST COMPLETE state if this test steps
failed. A patient could potentially be placed at risk by excessive leak-
age if QUEST is overridden after failing test step 541.

l WARNING - Puritan-Bennett urges medical departments to re-
|| view the implications of using a ventilator that fails test step 541 or
| 542, Puritan-Bennett recommends establishing a medical depart-
|| ment protocol that defines the conditions under which ventilator
i usage is acceptable.

Troubleshoot the patient service system if test 541 is failed. Locate
the leak and correct it. If the leak cannot be corrected, assess the de-
gree of risk to the patient before beginning ventilation.

After test step 541 is passed, test step 542 checks the patient tubing
for a leak of 15 cmH,O within 10 seconds. A message is displayed if a
feak in excess of the value is detected. if aleak greater than 15 cmH;0
within 10 seconds is detected, QUEST and TEST end in an EST COM-
PLETE state.

Assess the degree of risk to a patient before beginning ventilation if
test step 542 fails. The ventilator's ability to achieve desired peak air-
way pressure and tidal volumes may be compromised. The ventilator
may not be able to maintain selected PEEP values, which could cause
autocycling. _

The following table lists QUEST and TEST messages, the keys that
you can press (at the beginning or end of EST), and the ventilator re-
sponses to those keys.
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Table 5-1. QUEST and TEST Start/End Messages and Operator Actions

~
Message Key Pressed System Response
[QUICK EST]} < ALARM SILENCE > Display [QUICK EST].
< ALARM RESET > Do not begin test sequences. Display {EST COMPLETE] and
[OVERRIDE—ENTER].
<ENTER > Begin the first QUEST test sequence.
<4+ Display [TOTAL EST],
[TOTAL EST] <ALARM SILENCE > Display [QUICK EST]}.
<ALARM RESET > Do not begin test sequences. Display [EST COMPLETE] and
[OVERRIDE—ENTER].
<ENTER > Begin the first TEST fest sequence.
[WXYZ ERR] <ALARM SILENCE > Display [QUICK EST].
<ALARM RESET > Dispiay [EST COMPLETE] and [OVERRIDE - ENTER].
<> Repeat the lasl test sequence. {Press <> twice fo repeat a
failed step.)
<++> Display [TOTAL EST].
[EST PASS]) Nomal ventilation begins
[OVERRIDE— <ENTER> Bypass EST and begin conditional ventilation. Record the
ENTER] bypass condition in battery-backed memory.
Any Key except To the beginning of the EST version.
<ENTER >
N _/
EST Fealures Here are some helpful procedures you can perform during QUEST or

TEST.

Figure 6-2 shows common features and the keys used to access

them.

1.

Repeat a test sequence after a test step failure:

Press <k > twice to back up and return to the beginning of the
failed two-digit test (for example, to return to the beginning of test
54 after failing test step 541). You will see the message [REPEAT
TEST] then the number of the test to be executed.

Press <ENTER> to repeat the test currently displayed. Press
<> once for each test you want to back up. Normal ventila-
tion begins at the end of EST if failed tests are repeated and
passed.

Display the results of the last EST version (QUEST or TEST) run:

L]

Press <0> after [QUICK EST] is displayed. The date and time
ofthe last QUEST or TEST, values for patient circuit leakage and
compliance, and the area ratio of the exhalation valve are
displayed. The conclusion state (passed or bypassed) is also
displayed.

If a 7202 Display is installed, press the <EST> button and
<ENTER > to view the Quick EST or Total EST screen.

5-6
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10.

Stop a scrolling error message:

« Press <ENTER> after an error message has begun scrolling to
stop the message and display the error code for the failed test
step.

Repeat QUEST or TEST from the beginning:

« Press <ALARM SILENCE > after an EST fail state, a testfailure,
or during error review. [QUICK EST] is displayed. Press
<ENTER> to begin QUEST or press <++> and then
<ENTER > to begin TEST.

Display the error codes and corresponding date and time stamps
for the last six errors detected:

* Press a humeric key from <1> to <6> after [QUICK EST] is
displayed. Press < 1> to show the most recent error and <6>

to show the least recent error.

+ If a 7202 Display is installed, press the <EST> button and
<ENTER > to view the Quick EST or Total EST screen (all six
error codes are displayed).

Read the measured leak value in cmH,0 when measured patient
circuit leakage is out of limits,

+» Look at the message window at the end of test step 542 (leak
test).

Read the calculated values for compliance and area ratio:

+ Look at the message window during test step 572 (display of
calculated compliance values) to see the compliance value.
Look at the message window at the end of the test step 583
(lowering PEEP from 35 cmHO to 0 cmHy0) to see the
calculated average exhalation valve area ratio value.

Override [EST COMPLETE] or [EST FAIL] state:

» Press <ENTER> when [OVERRIDE—ENTER] is displayed af-
ter [EST COMPLETE] or [EST FAIL] and their accompanying
messages have been displayed.

Read the name of the test currently being run.
+ Look at the message window while QUEST or TEST is running.

See the ventilator’s software number, software revision number,
and installed options code:

+ Press <[|:E RATIO> after [QUICK EST] is displayed. The ver-
sion and option code appear in the message window like [REV
NNNNN-85A ZZZ]. NNNNN is the software number, 85A is the
software revision level, and ZZZ is a code that represents op-
tions installed in the ventilator.

* Press <LAMPTEST> to see the software revision level, which
can be done anytime, not just in conjunction with EST.

22300A 9-90
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Enhanced keyboard

Keys <1> to <6>
Press to display EST
eror codes; <1> for
most recent, <6 for

least recent. \

<0>

Press after [QUICK
EST] Is displayed to
display results of last

EST run, \

<ENTER>
Press to stop a scroll- —
ing message; press lo
confirm an action {e.q.
unblocking patient
wye); press to over-
ride last fail state.

<LERATIO> — |

Press to see software

N \r ™
]
N LT e
J , 13
_;]____J :
[ AR IIL
o Lo ) <o
(] Press twice to back
\R ] ] // up one test sequence
[ ] _]..- 0 1 when a test step fails.
87
=1 ToTerel
[ [:]B@@ ] <ALARM SILENCE >
] Press to repeat EST
LTI Ol ]l ateremest el st
i ] i++| [ // e?"rsorré\lfjie\:v. o
() € ) 67 | <ALARM RESET>
CC L) CJJ L] Gesaterentee,

part number, revision,

and options code.

Basic keyboard

PATIENT DATA

| AN LCJJ =
o

Press to see sofjvyare
part number, revision,
and options code.

®EOE®

Keys <1> {0 <6>
Press to display EST
error codes; <1 for

<ALARM RESET >
Press after a test step
fails to stop EST. ~

A most recent, <8> for
feast recent.

<0>

e

<ALARM SILENCE >
Press to repeat EST
after an EST fal state,
test failure, or during

|~ Press after [QUICK
ES8T] is displayed 1o
display results of

AN

last EST run.

J_J

|

g

[
[@QQE@@@

<>
Press twice to back

)
)
)
)

\
\
(N — —

up one test sequence

error review,

Figure 5-2. EST Features

Running QUEST

- when a test step fails.

<ENTER> . _
Press to stop a scrolling message; press o confirm an action
{e.g. unblocking patient wye); press to override last tail state.

To run QUEST:

1. Press the <EST> button on the utility panel and follow the
prompis. When POST is passed, [QUICK EST] is displayed.

2. Press <ENTER:> iorun QUEST.

3-8
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Table 5-2. QUEST Procedure

Operator Action

Message Wintow and
Ventilator Response

Explanation

Connect external air and oxygen
suppfies and turn on the ventilator.

Press <EST> on the utility panel.

Press <ENTER>.

POST is run.
[START EST—ENTER]

[PAT TUBING OFF —
ENTER]

Prompts you to press <ENTER> to
start EST.

Prompts operator o make certain a pa-
tient is not connected to the ventilator.
The ventilator retums to previous op-
erational state if you do not press
<ENTER > within 10 seconds or if you
press any other key.

Press <ENTER:> to initlate POST.

[POWER-CN SELF-TEST]

[QUICK EST] is displayed
after POST is passed.

POST runs (approximately 5 seconds}.

Press <ENTER > to initiate QUEST.

{51 TEST BBR]
{511 TEST BBR]

[512 TEST BBR]
[52 AUTOZERO]

[521 BLOCK WYE]

Start of battery-backed memory (BBR)
{est group.

Verifies BBR using a varlable pattern
type test.

Verifies BBR by performing a
checksum.

Start of test group to autozero pressure
transducers.

If <ENTER> is not pressed within 30
seconds, [OPERATOR RESPONSE
TIMED OUT. PLEASE RESPOND TO
THE PROMPT] appears. Repeat the
test by pressing <> twice, then
<ENTER>,

Block the patient wye with a #2 rubber
stopper. Then press <ENTER>.

if oxygen has not been connecled,
connect oxygen and press

(521 TESTING.....]
[522 TESTING.....]
[523 TESTING.....]

[524 CONNECT 02} (if a
high pressure oxygen
supply is not connected)

The PEEP/CPAP pressure sensor is
zeroed.

The absolute pressure sensor is
calibrated.

The differential pressure sensor is
zeroed.

If oxygen is not connected and <EN-
TER> pressed within 30 seconds, the

<ENTER>. [TIMED OUT] messge appears. Re-
peat the test by pressing <:k>
twice, then <ENTER>.
- _/
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Table 5-2. QUEST Procedure (continued)

Operator Action

Message Window and
Ventifator Response

Explanation

If air has not been connected and no
compressor is attached, connect air
and press <ENTER >,

[525 CONNECT AIR] (if the

unit does not have a com-

pressor and an air supply is

not connected)

If air is not connected and <ENTER >
pressed within 30 seconds, the
[TIMED OUT] message appears.
Repeat the test by pressing <k >
twice, then <ENTER>.

If PEEP is not set to 0, turn the PEEP/
CPAP knob counter-clockwise. Stop
and press <ENTER>.

{531 SET PEEP =0}
appears if PEEP has not
been set to 0.

[53 CHECKING FOR PT]
[531 CHECKING FOR PT]

{532 CHECKING FOR PT]

[533 CHECKING FOR PT]
[634 CHECKING FOR PT]

[535 CHECKING FOR PT]

Start of steps to ensure that a patient is
notl connected to the ventilator,

Checks for a patient connected to the
venlilator.

Verifies no patient is connected by pass-
Ing an air flow of 10 Lpm through the pa-
tient circuit.

Verifies no patient is connecled by
pressurizing to 30 cmH20.

Verifies no patient is connected by
rmonitoring pressure.

Crosschecks absolute and differential
pressure.

If test 541 fails, inspect patient
circuit; repeat the test by pressing
\< k> twice, then <ENTER:>.

[54 LEAK TEST]
[541 LEAK TEST]

If system pressure does
not attain 80 cmH0
within 30 seconds, this
message scroils: [THIS
TEST HAS DETECTED A
LEAK GREATER THAN
15 CMH20 OR HAS
FAILED TC PRESSUR-
IZE TO 90 CMH20.
PLEASE CHECK THE
PATIENT CIRCUIT],
[5411 CANT PRESSUR-
IZE] appears after the
scrolling message.

Start of leak test,

Establishes an air flow of 10 Lpm and
pressurizes the patient fubing system to
90 cmH50.

B WARNING — A iite-threatening

situation could occur If @ pressure of
90 cmH>O cannot be obtained.
Trouble-shoot the patient service cir-
cuit if test step 541 is failed. Locate
the leak and correct It. Assess de-
|| gree of risk to a palient before begin-
& ning ventilation.
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Table 5-2. QUEST Procedure (continued)

Oparator Action

Message Window and
Ventilator Response

Explanation

If test 542 fails, inspect the patient
service circuit; repeat the test by
pressing <k > iwice, then
<ENTER>.

[542 LEAK TEST]

If leakage exceeding 15
¢mH>0 within 10 sec-
onds is detected, the
following message
scrolls; [THIS TEST HAS
DETECTED A LEAK
GREATER THAN 15
CMH20 OR HAS FAILED
TO PRESSURIZE TO 80
CMH2Q], [5421 XX.X
CMH20 LEAK], where X
isadigitfrom0to 9, ap-
pears after the scrolling
message.

[543 LEAK TEST]

Checks for leaks at 90 cmH»0O by moni-
toring patient Wubing system pressure
for 10 seconds. Checks for a pressure
drop of more than 15 cmHO within 10
seconds.

Bl WARNING — Assessthe degree of

possible risk to a patient before begin-
|| ning ventilation if test step 542 is failed.
| The ventilator's ability to achieve the
l| desired peak afrway pressure and tidal
| volume may be compromised. The
| ventilator may not be able to maintain
i selected PEEP values (this could cause
@ autocycling).

Checks differential and absolute pressure
sensors at 90 cmH»0.

[55 AUTOZERO PSOLS]
{557 AUTOZERO PSOLS]

Start of PSOLs check.
Autozeros O, and air PSOLs at 1.0 Lpm.

[57 COMPLIANCE]
[571 COMPLIANCE]

[672 COMPL = XX.X]
{where X is a digit from 0
10 9)

Start of compliance/safety valve check.
Test safety valve in the open state.

Displays compliance values calculated

at 30, 80, and 85 cmH20. If the calculated
compliance is not within iimits, the follow-
ing message scrolls; [THE COMPLIANGCE
CALCULATION 18 OUT OF RANGE. A DE-
FAULT COMPLIANCE OF 0.1 WILL BE
USED].

Ensure that the patient wye is blocked.
Check or replace the patient service cir-
cuit. Repeat the test by pressing <>k >
twice, then <ENTER>. If the test fails
again, have the ventilator serviced before
using it.

e
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Table 5-2. QUEST Procedure {continued)

Message Window and

Cperator Action Ventilator Response Explanalion
[58 AREA RATIO] Start of area ratio and PEEP test.
[581 AREA RATIO] Cross-checks PEEP/CPAP pressure sen-
sor against differentiat pressure sensor,
1582 AREA RATIQ] Verifies that PEEP/CPAP pressure sensor
begins at 0 cmH0.
Adjust the PEEP/CPAP control knob [683 SET PEEP =35} This message appears and beep tones
to the values requested by message sound to prompt the operator to turn the
window. knob until 35 appears In the cmHz0O win-

dow. As the displayed value comes close
to the desired setting, a long series of
beep tones sounds and [PLEASE PAUSE]
appears in the message window. When
the desired setting is nearly reached, the
display locks in that value and will not
altow tfurther adjustment until the next

prompt,

[583 SET PEEP =30] Turn knob until cmH»>0 window shows 30
cmH20 (* 5%).

[683 SET PEEP =20) Turn knob urtil cmH2C window shows 20
cmH,0O (£ 5%).

[583 SET PEEP =15] Turn knob untit emH20 window shows 15
cmHo0 (+ 5%).

{583 SET PEEP =10] Turnt knob until cmH,0 window shows 10
cmH20 {+ 5%).

1583 SET PEEP =15] Turn knob until cmHO window shows 5
cmHs0 (= 5%).

[683 SET PEEP=0] Turn knob until cmH20 window shows 0

cMmH20 (* 5%).

[A/R AVG =X XX] (where | Displays average area ratio value.
Xis a digit from 0 10 9).

[EST PASS] No errors were detected. Normal ventila-
tor operation begins automaticaily. Do
not turn off the ventilator until ventilation
OR begins, otherwise an error message ap-
pears the next lime the ventilator is
turned on.

[EST COMPLETE—EST A noncritical error was detected.
HAS FINISHED AND
HAS DETECTED A
NONCRITICAL ERROR.
PERFORMANCE MAY
BE AFFECTED OR
NONCRITICAL SUBSYS-
TEMS MAY NOT WORK.
ASSESS RISK/BENEFIT

BEFORE USING THIS
UNIT].
Press <ENTER> to stop the [EST COMPLETE) The [EST COMPLETE] message disap-
scrolling message pears after a few seconds.
S J
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Table 5-2. QUEST Procedure (continued)

Message Window and

Ventilator Response Explanation

Operator Action

[OVERRIDE— ENTER] Prompts operator to press <ENTER>
{0 override EST. Pressing any other key
repeats EST.

Overriding bypasses EST. This abnormal
conclusion state, EST Bypassed, is
logged into battery-backed memory.
[EST BYPASSED] is displayed when
viewing the last EST results until EST is
rerun again and passed.

T WARNING — make centain that

overriding [EST COMPLETE} does
| not place a patient at risk before us-
g ing the ventilator.

Press <ENTER> to override EST and Ventilation begins. Ventilation is conditional.
begin conditionat ventilation.

OR

[EST FAIL—EST HAS A critical error has been detected.
FINISHED AND HAS
DETECTED A CRITICAL
ERROR. WE RECOM-
MEND THAT THIS UNIT
NOT BE USED UNTIL
SERVICED. OVERRIDE
MAY PLACE PATIENT
AT RISK].

Press <ENTER> to stop the scrolling [EST FAIL] The [EST FAIL] message disappears
message. after a few seconds.

[OVERRIDE —ENTER] Prompts operator to press <ENTER>
to override EST. Pressing any other key
repeals EST.

WARNING - Do not use aventi-
lator that fails EST without first verify-
ing its operational readiness. Use
methods independent of EST Then
determine that a patient will not be

i placed at risk.
Press <ENTER > to averride EST and Ventilation begins. Ventilation is conditional.
begin ventilation,.
/
Running TEST To run TEST:

1. Press the <EST> button on the utility panel and foliow the
prompts. When POST is passed, [QUICK EST] is displayed.

2. Press <++> and then <ENTER> to run TEST.

An oxygen supply and high pressure air supply are required to run
TEST.
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Table 5-3. TEST Procedure

-

Operator Action

Message Window and
Ventilatar Response

Explanation

Connect external air and oxygen
supplies and tum on the ventilator.

Press <EST> on the utility panel.

Press <ENTER:>.

POST is rum.
[START EST—ENTER]

[PAT TUBING OFF —
ENTER]

Prompts you to press <ENTER> 1o start
EST

Prompts operator to make certain a pa-
tient is not connected to the ventilator.
The ventilator returns to previous opera-
tional state If you do not press <EN-
TER > within 10 seconds or if you press
any other key.

Press <ENTER> io initiate POST.

{POWER-ON SELF-TEST]

[QUICK EST] is displayed
after POST Is passed.

POST runs (approximately 5 seconds),
Beginning of QUEST test sequences.

initiale TEST.

Press <++> and <ENTER> to

[TOTAL EST]
(51 TEST BBR]
(511 TEST BBA]

[612 TEST BBR]
[52 AUTOZERO]

[521 BLOCK WYE]

Beginning of TEST sequences.
Start of battery-backed memory (BBR).

Verifies BBR using a variable pattern
type test.

Verifies BBR by performing a checksum.

Start of test group to autozero pressure
fransducers.

i <ENTER> is not pressed within 30
seconds, [OPERATOR RESPONSE
TIMED OUT. PLEASE RESPOND TO THE
PROMPT] appears. Repeat the test by
pressing <> twice, then <ENTER>.

-

Block the patient wye with a #2 rubber
stopper. Then press <ENTER>.

It oxygen has not been connected,
connect oxygen and press <ENTER>.

If air has not been connected and no
compressor is attached, connect air
and press <ENTER>.

[521 TESTING.....]
[522 TESTING.....]
[523 TESTING.....]

[524 CONNECT O2] (if a
high pressure oxygen
supply is not connected)

[626 CONNECT AIR]

{if the unit does not have
& compressor and an air
supply is not connected)

The PEEP/CPAP sensor is zeroed.

The absolute pressure sensor is
calibrated.

The differential pressure sensor is
zeroed.

If oxygen is not connected and < EN-
TER > pressed within 30 seconds, the
[TIMED OUT] message appears. Repeat
the test by pressing <> twice, then
<ENTER>.

If air is not connected with 30 seconds,
the [TIMED OUT] message appears. Re-
peat the test by pressing < > twice,
then <ENTER>. y
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Table 5-3. TEST Procedure {continued)

Operator Action

Message Window and
Ventilator Response

Explanation

if PEEP is not set to O, turn the PEEP/
CPAP knob counter-clockwise. Stop
and press <ENTER>.

[631 SET PEEP=0]
appears if PEEP has not
been set tc 0.

[63 CHECKING FOR PT]
[631 CHECKING FOR PT)

[532 CHECKING FOR PT]

[633 CHECKING FOR PT]
[634 CHECKING FOR PT]

[535 CHECKING FOR PT]

Start of steps o ensure that a palient is
not connected to the ventilator.

Checks for a patient connected to the
ventilator.

Verifies no patient is cannected by pass-
ing an air flow of 10 Lpm through the pa-
tient circuit.

Verifies no patient is connected by
pressurizing to 30 cmH;0.

Verifies no patient is connected by
monitoring differential pressure sensor.

Crosschecks absolute and differential
pressure.

iIf test 541 fails, inspect patient circuit;
repeat the test by pressing <>
twice, then <ENTER>.

.

[54 LEAK TEST]
[541 LEAK TEST]

if syslem pressure does
not attain 80 cmHO
within 30 seconds, this
message scrolls: [THIS
TEST HAS DETECTED A
LEAK GREATER THAN
15 CMHZ20 OR HAS
FAILED TO PRESSUR-
IZE TO 90 CMH20,
PLEASE CHECK THE
PATIENT CIRCUIT].
[5411 CANT PRESSUR-
IZE] appears after the
scrolling message.

Start of leak test,

Establishes an air flow of 10 Lpm and
pressurizes the patient tubing system to
90 cmH20.

I WARNING — A life-threatening
|| situation could occur if a pressure
| of 90 cmHO cannot be obtained.
| Troubleshoot the patient service cir-
L cuit if test step 541 is failed. Locate
§ theleak and correctit. Assess degree
| of risk to a patient before beginning
. ventilation.
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Table 5-3. TEST Procedure (continued)

Opetator Action

Message Window and
Ventilator Response

Explanation

If test 541 fails, inspect patient circuit;
repeat the test by pressing <k >
twice, then <ENTER>.

[542 LEAK TEST]

if teakage exceeding 15
emH>0 within 10 sec-
onds Is detected, the
following message
scrolls: [THIS TEST HAS
DETECTED A LEAK
GREATER THAN 15
CmH20Q OR HAS FAILED
TO PRESSURIZE TO 90
CmH20]. [5421 XX.X
CmH20 LEAK], where X
is a digit from Q0 to 9, ap-
pears after the scrolling
message.

[543 LEAK TEST]

Checks for leaks at 80 cmH>0 by monl-
toring patient lubing system pressure
for 10 seconds. Checks for a pressure
drop of more than 15 cmH,0 within 10
seconds.

| WARNING — Assess the degree

| of possible risk to a patient before be-
ginning ventifation If test step 542 is
failed. The ventilator's ability to
achieve the desired peak airway pres-
sure and tidal volume may be com-
promised. The ventilator may not be
| able to maintain selected PEEP val-
i ues (this could cause autocycling).

Checks differential and absolute
pressure sensors at 90 cmH»0.

[55 AIR VS EXHALE]

[550 AIR VS EXHALE]
[551 AIR VS EXHALE]

[552 AIR VS EXHALE]

[553 AIR V5 EXHALE]

[554 AIR VS EXHALE]

[555 AIR VS EXHALE]

[556 AIR VS EXHALE]

[558 FLOWBY OFFSETS)

Start of alr flow sensor vs exhalation
flow sensor test.

Flushes system with air.

Tests alr sensor vs exhalation sensor at
O Lpm. Displays air flow value in the
PEAK FLOW Ipm window and exhala-
tion value in the 02% window,

Tests air sensor vs exhalation sensor at
20 Lpm. Displays air flow value in the
PEAK FLOW Ipm window and exhala-
tion value in the Oy% window.

Tesls air sensor vs exhalation sensor at
50 Lpm. Displays air flow value in the
PEAK FLOW Ipm window and
exhaiation value in the 0% window.

Tests air sensor vs exhalation sensor at
100 Lpm. Displays air flow value In the
PEAK FLOW Ipm window and
exhalation value in the O2% window.

Tests air sensor vs exhalation sensor at
120 Lpm. Displays air flow value In the
PEAK FLCW Ipm window and
exhalation value in the O,% window.

Tesis air sensor vs exhalation sensor at
180 Lpm {wall air) or 120 Lpm (com-
pressor). Displays air flow value in the
PEAK FLOW lpm window and exhala-
tion value in the O»% window.

Establishes 10 Lpm flow through the air
sensor. Displays air flow value In the
PEAK FLOW ipm window and
exhatation value in the 0,% window.

vy
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Table 5-3. TEST Procedure (continued)

Operator Action

Message Window and
Ventilator Response

Explanation

[659 FLOWBY OFFSETS]

{557 AUTOZERO PSOLS]

Establishes 20 Lpm flow through the air
sensor. Displays air flow vaiue in the
PEAK FLOW |pm window and exhalation
value In the O»% window.

Zeros proportional solenoids with flow
rate of 1.0 Lpm. {Step 557 done out of
sequence to prevent O, contamination
from affecting calibration.)

[56 02 VS EXHALE]
[56 02 VS EXHALE]

(560 O2 VS EXHALE]
[561 02 VS EXHALE]

[562 02 VS EXHALE]

[563 02 VS EXHALE]

[664 O2 VS EXHALE]

[565 O2 VS EXHALE]

[666 O2 VS EXHALE]

[567 FLOWBY OFFSETS]

[668 FLOWBY OFFSETS]

[569 FLOWBY OFFSETS]

Start of oxygen flow sensor vs exhalation
flow sensor test,

Start of oxygen flow sensor vs exhalation
flow sensor test.

Flushes system wilh oxygen.

Tests Oz sensor vs exhalation sensor at
0 Lpm. Displays O» flow value in the
TIDAL VOL liters window and axhalation
value in the O»% window.

Tests Op sensor vs exhalation sensor at
20 Lpm. Displays O flow value in the
TIDAL VOL liters window and exhalation
value in the O2% window.

Tests O, sensor vs exhalation sensor at
50 Lpm. Displays O, flow value in the
TIDAL VOL liters window and exhalation
value in the Oy% window.

Tests O, sensor vs exhalation sensor at
100 Lpm. Displays O flow value in the
TIDAL VOL liters window and exhalation
value in the Q% window.

Tests Q2 sensor vs exhalation sensor at
120 Lpm. Displays O; flow value in the

TIDAL VOL liters window and exhalation
vaiue in the O% window.

Tests 05 sensor vs exhalation sensor at
180 Lpm. Bisplays Oy flow value in the

TIDAL VOL liters window and exhalation
value in the O,% window.

Establishes 0 Lpm flow through air, Op,
and exhalalion sensors. Displays Op
flow value in the TIDAL VOL liters win-
dow and exhalation value in the O;%
window.

Establishes 10 Lpm flow through air and
0> sensors, Displays O, flow value in
the TIDAL VOL liters window and exhata-
tion value in the C2% window.

Establishes 20 Lpm flow through air and
05 sensors. Displays O flow value in

the TIDAL VOL liters window and exhala-
tion value In the O»% window. ).
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Table 5-3. TEST Procedure (continued)

Operator Action

Message Window and
Ventilator Rasponse

Explanation

If compliance is not within limits,
ensure that the patient wye is
blocked. Check or replace patient
circuit. Repeat the test by pressing
<> twice, then <ENTER>.

[67 COMPLIANCE]

[671 COMPLIANCE]
[572 COMPLIANCE]

[672 COMPL=XX.X]
{where X is a digit from
0to 9)

If calculated compliance
Is not within limits, this
message scrolls: [THE
COMPLIANCE CALCU-
LATION IS QUT OF
RANGE, A DEFAULT
COMPLIANCE OF 0.1
WILL BE USED].

[573 COMPLIANCE]

Start of compliance and safely valve
check.

Tests safely valve in the open slate.

Tests and calculates compliance values
at 30, 60, and 85 cmH,0.

Displays compliance values calculated
compliance values at 30, 60, and 85
cmH50.

if the test fails again, have the ventilator
serviced before using it.

Tests safely valve in the closed state.

Adjust the PEEP/CPAP control knob
to the values requested by message
window.

[58 AREA RATIO]
[581 AREA RATIO)

[582 AREA RATIO]

[583 AREA RATIO]
[583 SET PEEP =35]

[583 SET PEEP =30]
[583 SET PEEP =20)
[583 SET PEEP = 15]
[583 SET PEEP =10]

[583 SET PEEP =5]

Start of area ratio and PEEP test.

Crosschecks PEEP/CPAP pressure sen-
sor against differential pressure sensor.

Verifies that PEEP/CPAP pressure
sensor begins at 0 cmH0.

O flow set to 2 Lpm.

This message appears and beep tones
sound to prompt the operator 1o tum the
knob until 35 appears in the cmH,0
window. As the displayed value comes
close to the desired setting, a long
series of beep tones sounds and
[PLEASE PALUSE] appears in the
message window, When the desired
setting is nearly reached, the display
locks in that value and will not allow
further adjustment until the next prompt.

Turn knob untit cmH»O window shows
30 cmH>0 (£ 5%).
Turn knob untll cmH20 window shows
20 cmH50 (+ 5%).
Turn knob until cmH20 window shows
185 emH20 (= 5%).
Turn knob until cmH20 window shows
10 emH»0 {£ 5%).

Turn knob until cmH-0 window shows
5 emHz0 (£ 5%).

/
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Table 5-3. TEST Procedure (continued)

Operator Action

Message Window and
Ventilator Response

Explanation

{583 SET PEEP=:Q]

[A/R AVG = X.XX] (where
X s a digit from 0 to 9).

Turn knob untit cmH-0 window shows
0 cmH-0 (+ 5%).

Displays average area ralio value.

Press <ENTER> to test nebulizer.
{Press <CLEAR > if nebulizer is not
attached.)

(59 NEBULIZER]
[591 NEB ATTACHED/]

[592 TESTING.....]

(593 TESTING.....]

Slart of nebulizer 1est.

Asks if nebulizer is attached. If a key is
not pressed within 15 seconds, the
[TIMED OUT] message appears, The
test falls if <ENTER> is pressed when
no nebulizer is attached. Repeat the
test by pressing <k > iwice, then
<ENTER>,

Tests nebulizer with Oa. The O5 flow is
displayed in the TIDAL VOL liters win-
dow. The exhalation sensor flow value
is displayed In the O2% window.

Tests nebulizer with air. The air flow is
displayed in the PEAK FLOW Ipm win-
dow. The exhalation sensor flow value
is displayed in the Ox% window,

Disconnect the ventilator from the wall
air supply and press <ENTER>,

Press <ENTER> fotestthe
compressor. (Press <CLEAR> ifa
compressor is not attached.)

-

{60 COMPRESSOR]
{601 DISCONNECT AIR]

[601 COMPR ATTACH/}
(This prompt may not be
displayed if the com-
pressor is aftached and
running normally.}

[602 TESTING.....]

 Start of compressor test.

Prompts operator to disconnect air sup-
ply. if air is not disconnecled and <EN-
TER> is not pressed within 30 sec-
onds, the [TIMED OUT] message ap-
pears. Repeat the test by pressing

<k > twice, then <ENTER>.

Asks operator if the compressor is at-
tached. If <ENTER> is not pressed
within 15 seconds, the [TIMED OUT]
message appears. Repeat the test by
pressing <> twice, then <ENTER>.

Measures flow at 120 Lpm if
compressor is on. Test fails if
<ENTER> is pressed when no
compressor is attached.
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Table 5-3. TEST Procedure (continued)

Operator Aclion

Message Window and
Ventilator Response

Explanation

Connect the ventilator to the wall air
supply if the compressor was not
available. Press <ENTER>.

Disconnect the ventilator from the wall
oxygen supply. Press <ENTER>.

Unblock the wye by removing the #2
stopper from the patient wye, Press
<ENTER>.

Connect the ventilator to the wall
oxygen supply.

[61 TEST BUV]
[611 TEST BUV]

[611 CONNECT AIR}
{This prompt appears
only if the compressor is
not present.)

[612 DISCONNECT 02}

612 TESTING.... ]

[613 UNBLOCK WYE]

[614 CONNECT 02]

[614 TESTING.....]

Start of Back Up Ventilator (BUV) test.

Monitors BUV breath rate. Verities that
the air and O, crossover system works.
The operator Is required to connect and
disconnect the Os and air supplies.

Prompts operator to connect air supply.
The [TIMED OUT] message appears if air
is not connected and <ENTER> pressed
within 30 seconds. Repeat the iest by
pressing < k> twice, then <ENTER>.

Prompts operator to disconnect the
oxygen supply.

Ventilator verifies gas supply switch-over
circuit action.

Prompts operator to unblock the patient
service circuit.

Calculates tidal volume when BUV air
volume is supplied by akr. The ventilator
displays BUV air volume in ml in the
PEAK FLOW Ipm window.

Prompts operator to reconnect oxygen.

Calculates tidal volume when BUV O
volume is supplied by oxygen. The
ventilator displays BUV O, volume inml in
the TIDAL VOL liters window.

See Figure 5-3 for an illustration of
keys pressed during this test,

Press the <ALARM RESET > key.

Eress the <MANUAL INSPIRATION >
ey.

Press the <MANUAL SIGH> key.

Press the <CLEAR> key.
e

[62 FRONT PANEL]

[621 PUSH ALRM RESET]

[622 PUSH MANUL INSP]

[623 PUSH MANUL SIGH]

{624 PUSH CLEAR]

Start of keyboard test (verifies each key
row and column works). For the following
steps: If you press the wrong key,
[INVALID KEY] appears and you can fry
once more. if you do not press the correct
key within 15 seconds, the following
message scrolls: [THIS TEST HAS FAILED
TO MEET THE STANDARDS SET FOR
THIS SECTION OF EST. YOU MAY RERUN
THIS TEST BY PRESSING THE sk KEY...].
Press <k > twice, then <ENTER> fo
repeat the test,
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Figure 5-3. Location and Order of Requested Keys During Series 62 Test Steps

Tahle 5-3. TEST Procedure (coniinued)

Enhanced keyboard Basic keyboard
= )2 P
S ‘ Cald (I
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622 62('3 628 62I1 622 623 627 625 626 628 624

N
Operator Action %ziﬁﬁggﬁg:ﬁn::d Exptanation
[6256 PUSH LO EXH TV]
Press the <LOW EXHALED TIDAL
VOLUME > key.
(626 PUSH 02%]
Press the <0,% > Key.
[627 PUSH HI PR LMT]
Press the <HIGH PRESSURE LIMIT >
kevy.
[628 PUSH 0]
Press the <0> key.
[629 PUSH 9]
Press the <9> key.
S
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Tahle 5-3. TEST Procedure (continued)

Message Window and

Ventilator Response Explanation

Operator Action

Start of Digital Communications Inter-
face (DCI) test. This test is run whether
or not the DCI option is installed; staris
automatically after keyboard test is
completed.

Tests channel A (intelligent communica-
tions port).

Tests channel B (printer communica-
tions porl).

Tests the real-time clock.
Tests channel C (7202 Display).

Tests channel D (not assigned).

NOTE - [DC! INOPERATIVE] appearsifa
DCltest fails or the option is not installed.
Test fatiure does not affect normal ventila-

[63 TEST DCI]

[631 TEST DCI]
[632 TEST DCI]

[633 TEST DCI)
[634 TEST DCH}
[635 TEST DCI]

tor operation.

Press <ENTER> 1o stop the scrolling
message.

| WARNING - make certain that

overriding [EST COMPLETE] does
not place a patient at risk before us-
2 Ing the ventilator,

Press <ENTER > 1o override EST and
begin conditional ventilation,

.

[EST PASS]

CR

[EST COMPLETE— EST
HAS FINISHED AND
HAS DETECTED A
NONCRITICAL ERROR.
PERFORMANGE MAY
BE AFFECTED OR
NONCRITICAL SUB-
SYSTEMS MAY NOT
WORK. ASSESS RISK/
BENEFIT BEFORE
USING THIS UNIT].

[EST COMPLETE]

[OVERRIDE—ENTER]

Ventilation begins.
OR

No errors were detected. Normal venti-
lator operation begins automatically. Do
not turn off the ventilator until ventilation
beging, ctherwise an error message ap-
pears the next time the ventilator is
turned on.

A noncritical error was detecfed.

The [EST COMPLETE] message
disappears after a few seconds.

Prompts operator to press <ENTER>
to override EST. Pressing any other
key repeats EST.

Overriding bypasses EST. This abnor-
mal conclusion state, EST Bypassed,
is logged Into battery-backed memory.
[EST BYPASSED)] is displayed when
viewing the last EST results until EST
is rerun again and passed.

Ventilation is conditional.
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Table 5-3. TEST Procedure (continued)

Message Window and

Ventilator Response Explanation

Operator Action

[EST FAIL—-EST HAS A critical error has been detected,
FINISHED AND HAS DE-
TECTED A CRITICAL ER-
ROR. WE RECOMMEND
THAT THIS UNIT NOT
BE USED UNTIL SERV-
ICED. OVERRIDE MAY
PLACE PATIENT AT
RISK].

Press <ENTER> 1o stop the scrolling [EST FAIL] The [EST FAIL] message disappears
message. after a few seconds.

[OVERRIDE—ENTER] Prompts operator to press <ENTER> to
override EST. Pressing any other key
repeats EST.

| WARNING - Do not use a
ventilator that fails EST without first
verifying its operational readiness.
Use methods independent of EST.
| then determine that a patient will
not be placed at risk.

Ventilation begins. Ventilation is conditional.

Press <ENTER> to override EST and
\begin ventliation.

| WARNING - Do not use or override a ventilator that fails EST

without verifying its operational readiness. Your department must
develop a protocol to define when, and under what conditions, a
ventilator can begin conditional operation after an [EST COM-
| PLETE] or an [EST FAIL] state. Always assess the possible risk to a
| patient before overriding an [EST COMPLETE] or an [EST FAIL]
| state. Then determine that a patient is not placed at risk by using the
L ventifator.

EST Conclusion States

A ventitator which completes EST without detecting any errors dis-
plays the message [EST PASS] and the ventilator automatically begins
normal operation. If one or more errors are detected, the message
window indicates either [EST COMPLETE] or [EST FAIL} depending
onthetype of error. Do notturn off the ventilator until ventilation begins,
otherwise an error message appears the next time the ventilator is
turned on.

[EST COMPLETE—EST IS FINISHED AND HAS DETECTED A
NONCRITICAL ERROR. PERFORMANCE MAY BE AFFECTED OR
NONCRITICAL SUBSYSTEMS MAY NOT WORK...ASSESS RiSK/
BENEFIT BEFORE USING THIS UNIT]
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Ganceling Error Messages

[OVERRIDE —ENTER] is then displayed. Press < ENTER > to over-

ride EST and begin conditional ventilation. Press any key except
<ENTER> to repeat EST. Ventilation begins automatically if EST is
passed the second time.
NOTE - Conditional ventilation means that the ventilator has failed one
or moretests — critical or noncritical — during QUEST or TEST. Override
the ventilator only in accordance with an established medical depart-
ment protocol for using a ventitator after EST has been overridden.

If a test defined as a critical test failed, the following message scrolis
through the message window:
[EST FAIL—EST HAS FINISHED AND HAS DETECTED A CRITICAL

ERROR. WE RECOMMEND THAT THIS UNIT NOT BE USED UNTIL
SERVICED. OVERRIDE MAY PLACE PATIENT AT RISK...]

[OVERRIDE — ENTER] is then disptayed. Press <ENTER > toover-
ride EST and begin conditional ventilation. Press any key except
<ENTER> to repeat EST. Ventilation begins automatically if EST is
passed the second time.

When you see the [EST COMPLETE] and [EST FAIL] messages and
test step error messages, you can press any key to see [OVERRIDE —
ENTER]. (The error messages will also time out to the override mes-

sage.)
Check for the following conditions if [EST FAIL], [INVALID KEY],

[TIMED OUT], or [WXYZ ERR] appear in the message window:

¢ The patient wye is properly blocked; a patient is not connected to
the ventilator.

+ The patient service circuit is properly attached and all connections
are tight.

+ All humidifier circuit connections (including those to and from the
main flow bacteria filter} are tight.

e All nebulizer circuit connections are tight if a nebulizer is used.

¢ The gas supply pressures are within stated pressure limits and O, is
connected. The air supply is connected if no compressor is at-
tached.

* Water trap connections are tight.
* The correct keys are pressed in response to prompts.

* The prompted actions are completed within the allotted time.

Check for the conditions listed above and correct them before run-
ning EST again. To rerun QUEST, press <ALARM SILENCE > and
then <ENTER>.Torerun TEST, press < ALARM SILENCE >, <++>,
and then <ENTER:>.

5-24
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EST Error Messages
and Error Codes

EST error messages describe test failures. Each message scrolls
(moves through the message window from right to left) three times or
untilyou press < ENTER > A test has failed whenever [WXYZ ERR] is
displayed.

NOTE - Good clinical practice recommends repeating a failed test.
Press <k > twicethen < ENTER>,torerunatest. Have the ventilator
serviced if it fails the same test on two consecutive attempts.

EST error codes use the form WXYZ. W and X represent the test se-
ries. Y represents the test step. Z qualifies the error (see Table 5-4). The
date and time stamp appear nexi to the error code as MMDD HHNN. M,
D, H, and N represent the month, day, hour, and minute when the error
occurred. Note error codes when they appear. Error codes are storedin
battery-backed memorywiththeirdate andtime stamp; service person-
nel use the codes to Identify ventilator problems.

Table 5-4. EST Error Code Qualifiers
(What Z means in a WXYZ error code during EST)

-
Z Code Number Meaning

Indeterminate code: use the test sequence and step
numbers to isolate the fault.

Invalid key pressed. .
Operator did not respond within allotted time.

PEEP/CPAP pressure transducer failed.
Absolute pressure transducer failed.

—

Differential pressure transducer failed.
Oxygen sensor faited.

Air sensor failed.

Exhalation sensor failed.

Oxygen propoitional solenoid valve failed.

W > © O N O ;s WK

Air proportional solenoid valve failed.

\NOTE - The Z codes listed above only apply to EST error codes.)

22300 A 9-90
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Error Code
Block Numbers

The ventilator can detect errors that happen during POST, QUEST,
TEST, and ventilation. Blocks of error codes are reserved for specific
ventilator tests and checks. Ventilator action after an error is detected
is determined by the block code of the detected error. Table 5-5 lists
error code blocks, the test or type of check associated with the block,
and the ventilator's response to errors within each block of error

codes.

Table 5-5. Etror Code Blocks

4 Error code
block numbers

Test or type of check performed

Ventilator response to detecled errors

0000-29FF

POST

Back Up Ventillator mode is initiated. For PSOL
errors, safely valve open is initiated.

3000-50FF and
7000-89FF

Ongoing checks that monitor
system errors and communica-
tions tests

For critical errors:
POST automatically begins. If POST falls, Back

Up Ventitator Is initiated.

If three systern errors are detecied within 24
hours, these messages are displayed when the
third error is detected: [1501 ERR] and then {RUN
EST—DO NOT USE]. Back Up Ventilator s initi-
ated and an audible alarm sounds.

Far noacritical errors:

Noncritical errors do not cause the ventilator to
restari. DC! condition codes are stored in baltery-
backed memory.

5000-6999

QUEST and TEST EST scrolling messages are displayed. Error

codes diagnose any detected errors. ALARM in-
dicator lights if a critical error Is detected. CAU-
TION indicator lights if a noncritical error is de-
tected.

The [EST FAIL] message and prompt are dis-
ptayed at the end of EST if a noncritical error is
detected. The operator can choose to override
EST.

9000-99FF

Part of ongoing checks that Detection of a system fault opens safely valve,
monitors system faults lights VENTILATOR INCPERATIVE indicator, and

sounds an audible alarm. Patient breathes room
alr unassisted by ventiiator.

and Y is a letter (A-F).

NOTE - System faults and errars use the form 99XY where XY is hexadecimal code; X is a digit (0-9)

EST Override Feature
and Patient Safety

| WARNING - puritan-Bennett urges medical departments to es-
tablish a protocol defining the conditions under which [EST
COMPLETE] and [EST FAIL] states can be overridden without
|| compromising patient safety. Operators should only override EST in
| accordance with this established protocol.

The override feature in EST allows an operator to consciously over-
ride EST COMPLETE and EST FAIL states and begin conditional venti-
lation. Overriding a noncritical test failure (EST COMPLETE), means
using the ventilator when a malfunction has been detected that may
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22300 A 9-90



EST Test Sequences

not compromise gas delivery to a patient. Overriding a critical test fail-
ure (EST FAIL) means using the ventilator when a malfunction has
been detected that may compromise gas delivery to a patient.

Puritan-Bennett recognizes that instances may arise in which venti-
lation is of paramount importance even though QUEST or TEST was
not passed. The override feature permits conditional ventilator opera-
tionin such instances. Departmental protocols must define when, and
under what circumstances, an override is acceptable. Four situations
for which override might be acceptable are the following:

1. Recovery from an operator error made during EST. Repeat and
pass EST or any failled EST test steps before using the ventilator.
For example, if you do not respond to the prompt [SET PEEP = 35]
within the allotted time, microprocessor electronics causes atime
out, the test step fails, and EST ends in an EST COMPLETE state.
The ventilator could be overridden and conditional ventilation be-

gun.

2. Aclinical situation, as determined by an established departmental
protocol, dictates that using an impaired ventilator is the best alter-
native for achieving or maintaining patient safety. For example, if
the disposable patient service circuits used by a medical depart-
ment consistently lose more than 15 cmH»0 during [542 LEAK
TEST], an established medical department protoco! might ap-
prove the use of patient service circuits that retain 60 cmH,0 dur-
ing this test. An operator could override the EST COMPLETE state
at the end of EST and begin conditional ventilation.

3. An emergency situation covered by an established departmental
protocol defines the conditions under which EST can be overrid-
den. For example, an established medical department protocol
may state that emergency use of the ventilator is better than using a
resuscitator. In such circumstances EST COMPLETE and EST
FAIL might be overridden to provide conditional ventilation until a
fully functioning ventilator is available.

4. Override EST when an operator has inadvertently invoked TEST
when QUEST was desired instead.

| WARNING - The examples given above do not constitute a rec-
|| ommendation of a protocol by Puritan-Bennett. Puritan-Bennett
|| recommends not using the ventilator when a pressure of 90 cmH,0
| cannot be achieved in a patient service system.

Table 5-6 lists EST sequence test names, the subsystem tested, the
test steps, and the EST version that performs the step.

An asterisk (*) before a test step indicates that a detected error is
defined as noncritical if the error code ends in 1 (that is, Zis 1 in the
error code WXYZ). For example, error code 5561 means an efrorin a
noncritical flow sensor test.

22300A 9-90
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Table 5-6. EST Test Sequences

4 EST Version )
Test Nama grsion
Subsystem Tested Test Step Quick Total
Battery-backed Battery-backed memory 511 — test battery-backed memory X X
memory 512 checksum battery-backed X X
memory
Autozero PEEP/CPAFR, absolute pressure, | 521— verify wye blocked X X
ressuie i
tF;anSducers gggsglrf;erentlal pressure 521 — autozero PEEP/CPAP X X
pressure sensor
622 — calibrate absolute pressure X X
sensor
523 — autozero differentlal pressure X X
Sensor
524 — verify O connection X X
525— verify air connection X X

B WARNING - A failure in steps 531-535 could indicate a patient is connected to the ventifator.

Check for patient | Verifies patient disconnected 531— check PEEP =0 X X

connected from ventilator 532— establish 10 Lpm air flow, X X
compare with value meas-
ured by exhalation flow
sensor

533 — calculate patient compliance; X X
pressurize to 30 cmHg0;
record lime requlred; display
differential pressure value

534 — monitor differential pressure X X
sensor
535— compare differential pressure X X
sensor vs absolute pressure
sensor at 3¢ om0
Leak test Patient service system *541— alr flow set to 10 Lpm X X
*541 — pressurize patient tubing to X X
90 cmH0
*543 — compare differential pressure X X

sensor vs absolute pressure
sensor at 90 cmHO

*542 — monitor differential pressure X X
sensor
Alr flow sensor Air flow and exhalation flow 550 — flush system with air - X
vs exhalation Sensors :
551 — 1est air flow sensor vs exha- - X
flow sensor lation flow sensor at 0 Lpm
552 — tesl air flow sensor vs exha- - X
lation flow sensor at 20 Lpm
553 — test air flow sensor vs exha- - X
L lation flow sensor at 50 Lpm y
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Table 5-6. EST Test Sequences {continued)

(’
Test Name

Subsystem Tested

Test Step

EST Version N

Quick  Total
Air flow sensor 554— test air flow sensor vs exha- s X
vs exhalation lation flow sensor at 100 Lpm
flow sensor
(continued) 555— test air flow sensor vs exha- - X
lation flow sensor at 120 Lpm
*556— test air flow sensor vs exha- — X
lation flow sensor at 180
Lpm, only if wall air attached;
otherwise test compressor at
120 Lpm
558 — establish 10 Lpm fiow through - X
air sensor (for Flow-by offsets)
559 — establish 20 Lpm flow through - X
air sensor (for Flow-by offsets)
557 — autozero Op and air propor- X X
tionat solenold valves
(PSOLs) al 1.0 Lpm
02 flow sensor 02 and exhalation flow 560 — flush system with Og - X
vs exhalation Sensors
flow sensor 561— test Oy flow sensor vs exha- - X
lation flow sensor at 0 Lpm
562— test Qo flow sensor vs exha- - X
lation flow sensor at 20 Lpm
563 — test Qo flow sensor vs exha- - X
fation flow sensor at 50 Lpm
564 — test O flow sensor vs exha- - X
Jation flow sensor at 100 Lpm
565— test Oy fiow sensor vs exha- - X
jation flow sensor at 120 Lpm
*566— test O flow sensor vs exha- - X
iation flow sensor at 180 Lpm
567 — establish 0 Lpm fiow through -= X
0o and air sensors (for Flow-
by offsets)
568 — establish 10 Lpm flow through - X
05 sensor (for Flow-by offsets)
569 — establish 20 Lpm flow through - X
02 sensor (for Flow-by offsets)
Safety valve and Safety valve and patient 571 — open safety valve; attain maxi- - X
compliance service system mum O» flow
calculation
571~ monitor differential pressure — X
sensor (differential pressure
<20 cmH20)
*572— Oy setto 5Lpm X X
- S
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Table 5-6. EST Test Sequences (continued)

4 —\
EST Version
Test Name
Subsystem Tested Test Step Quick  Total
Safety valve and *572— calculate compliance at 30 X X
compliance cmH»0, sample O, flow
calcutation sensor, differential pressure
(Contmued) sensor
*572— calculate compliance at 80 X X
cmH»0; sample Oo flow
sensor, differential pressure
sensor
*572— calculate compliance at 85 X X
cmHp0; sample O5 flow
sensor, differential pressure
sensor
573~ close safety valve; O set to - X
2 Lpm at 85 cmHo0
573 -- monitor absolute pressure — X
sensor untll stable; test abso-
lute pressure sensor at crack-
ing pressure limits (90-150
cmH20) with low flow
573 — Qo set to maximum flow; . X
monitor absolute pressure
sensor; lest at cracking pres-
sure limits {80-160 cmHo0)
with high flow
Check PEEP Differential and PEEP 581— check PEEP/CPAP prassure X X
and calculate transducers sensor vs differential pres-
area ratio sure sensor at 0 cmHs0
582-- verify PEEP/CPAP pressure X X
sensor begins at 0 cmHo0
*583— Qg set to 2 Lpm X X
*583 — adjust PEEP to 35, 30, 20, X X
15, 10, 5, and 0 cmH20
*8583— put area ratio array into bat- X X
tery-backed memory; update
average area ratio
Nebulizer (if Nebulizer 591 — verify nebulizer attached - X
attached) . .
582 — test nebulizer with O flow - X
593 — test nebulizer with air flow -— X
Compressor {if Compressor 601 — verify compressor on -- X
attached) .
602 — test with flow=120 Lpm - X
N )
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Table 5-6. EST Test Sequences (continued)

4 TN
EST Version
Test Name Subsystem T
ystem Tested Test Step Quick  Total
BUV Back up ventilator 611— monitor BUV breath rate - X
612 — tesl crossover solenoid with - X
airvs Op
613 — calculate BUV air volume; —— X
sample differential pressure
sensor, Oo flow sensor
614 — calculate BUV Os volume; - X
sample differential pressure
sensor, Op flow sensor
Frtor;;t panel Keyboard display panel 621 — test < ALARM RESET > - X
interface
622— test < MANUAL INSPIRATION > - X
623 — test < MANUAL SIGH > — X
624 — test <CLEAR> - X
625— test <LOW EXHALED TiDAL - X
VOLUME >
626 test <0s% > - X
627 — test <HIGH PRESSURE LIMIT > - X
628 test <0> - X
629 — fest <9> = X
bCl Digital communications *§31— test channel A (intelligent - X
interface and real-time clock port) with test pattern
*532— test channel B (printer port) - X
with test pattern
*§33— test realHime clock — X
*534— test channel C (7202 Display) — X
with test pattern
*533 — test channe! D (not assigned) - X
with test pattern
. J
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=Installation and Assembly

11!
|

Installation and

Assembly

Ventilator Module to Pedestal

4. Insert bolts 1, 2, and 3, with
washers, 1o align ventilator
and pedestal. Do not tighten

5.
6. Tighten all bolts.
7.

bolts yet.

insert bolt 4, with washer.

&)
Replace inner and outer b

back panels.

Install assemblies and accessories on the 7200ae Ventilator in the fol-
lowing order:

1. Ventilator module to pedestal

Humidifier circuit

Flex arm

Patient service circuit

0O, Monitor, 7202 Display, and printer

Analog signal recorder and remote nurse’s call

No o ks~ oen

Gas supplies

[f you ordered the ventilator module with the pedestal alone (no com-
pressor) or if you ordered the pedestal separately, you must mount the
ventilator module on top of the pedestal (see Figure 6-1). If you or-
dered a ventilator module and, later, order a compressor pedestal, fol-
low the instructions provided with the compressor pedestal assembiy.

3. Place ventilator on top of
pedestal.

2. Remove 12 screws and
inner back panel.

~
-

\:ﬁ.

—— 1. Remove outer back panel.

Figure 6-1. Installing the Ventilator Module to the Pedestal

22300A 9-90
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Humidifier Circuit

Figure 6-2 shows how to install the humidifier circuit, using a Cascade
I Humidifier. When other humidifiers are used, refer to the appropriate
operator’'s manual for installation procedures.

WARNING - Use a Puritan-Bennett Temperature Alarm (PIN
4-007900-00) with any humidifier that does not include an airway
temperature sensor in order to warn against overheating inspired
gas. Injury to the patient may result if the inspired gas becomes too
hot. See Figure 6-4 to install a temperature sensor into the patient
service circuit.

‘Rérmove mounting plate
from ventilator.

B

Figure 6-2. Installing the Humidifier Circuit

g-2
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4. Attach healer, cover,
“-and jar o controller.

- 90-00042-BWE7-15

D
Figure 6-2. Installing the Humidifier Circuit (continued)
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Flex Arm

Patient Service Circuit

See Figure 6-3 to install the flex arm.

The flex arm may be inserted into the threaded socket on either the
right or left side of the ventitator. If you intend to use an O, Monitor with
the ventilator, see the O, Monitor section in this chapter before install-
ing the flex arm.

install flex arm in either socket.
Tighten in place with wingnut.

Socket

=)

Figure 6-3. Installing the Flex Arm

See Figure 6-4 to install a simplified patient service circuit.

| WARNING - Only use a simplified patient service circuit on a
ventifator equipped with an internal exhalation valve. Using a circuit
1| with an external valve may cause increased expiratory resistance or
L occlusion, or may inhibit the ventilator’s ability to sense the patient’s
2 inspiratory effort.

| WARNING — patient service circuits must be connected exactly
as shown and described. Failure to connectthe circuits properly will
. cause ventilator malfunction. Do not allow condensate to
I accumulate or tubing to become twisted or obstructed; otherwise,
| patient breathing efforts may increase.

| * Drape the patient exhalation tube so that any condensate collects
in the collector vial and not in the tubing.
* Drain in-line water traps as needed.,

| Be sure that the patient is visually monitored by competent medi-
| cal personnel. Life-threatening circumstances may arise that
might not activate alarms.

6-4
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‘Adapter for -
temperature
.sensor

Patient wye

Figure 6-4. Simplified Patient Service Circuit Assembly and Installation

Install a nebulizer, if desired, in the inspiratory side of the simplified
patient service circuit. Place the nebulizer between the tube hanger
and the patient wye. Gonnect the nebulizer tube between the nebulizer
and the nebulizer output port on the ventilator. See Figure 8-5.

22300A 9-90 6-5



Figure 6-5. Installing a Nebulizer

0, Monitor Consult the operating instructions for details on Installation and as-
sembly of the O, monitor in use.
Figure 6-6 shows how to install the Puritan-Bennett O, Monitor and
flex arm on the same side of the ventilator.

Figure 6-6. Installing the O, Monitor and Flex Arm on the Same
Side of the Ventilator
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Analog Signal Recorder
and Remote Nurse’s Call

To connect an analog signal recorder or a remote nurse’s call to the
ventilator's OUTPUT SIGNAL connector, use a plastic nine-pin con-
nector shell. See Table 6-1 and Figure 6-7 for wiring assignments.

Tahle 6-1. Pin Description of the Output Signal Connector

| WARNING — The nurse’s call relay does not signal foss of power.
| Patients on life-support equipment should be visually monitored by
|| competent medical personnel, since life-threatening circum-
1 stances may arise that might not activate alarms.

22300A 9-90

4 Pin Number  Description of Signal )
1 Chassis ground
2 Pressure signal
0 1o 10 VDC corresponding to -20 cmH0 to
+120 crmHoO
0 cmH»0 equals approximately 1.4 VDC
Required load is 1K impedance (minimum)
3 Pressure signal retumn
4 —
5 —
6 Flow signal
0 to 10 VDC corresponding to -180 Lpm to
+180 Lpm
0 Lpm equals 5.0 VDC
Required load is 1K impedance (minimum)
7 Flow signal return
8 Nurse's call relay
Normally open; closed when activated
Allowable current is 250 mA at 30 VDC (maximum)
9 Nurse’s call relay return
. J
[ ]
Q 725 1 ]
OUTPUT SIGNAL 0 O ef ¢
EST
Fw W
Nalal
e
jI | =
Figure 6-7. Numbering of Pins for Qutput Signal Connector
6-7



Gas Supplies See Figure 6-8 to connect the gas supplies to the ventilator.
The water trap and filter assemblies for the gas supplies areinstalled
at the factory prior to shipping the ventilator. [fit becomes necessary to
disassemble these for any reason, see Chapter 4.

WARNING — Gas supply connections conform to standards set
forth in the Diameter Index Safety System (DISS) for air and oxygen
(3/4-16 and 9/16-18 respectively). Do not attempt to change these
connections. Do not use any gases with the ventilator other than air

[l or oxygen.

CAUTION - The pore size of the gas supply filter is 0.3p. The small
pore size is intended for the protection of the ventilator. Do not re-
place these filters with afitter of larger pore size. Always use a clean,
dry source. The gas supply filters are not designed to remove water
vapor from wet air. Damage to the ventilator may result if the air or

O2 supply is particularly wet or dirty.

Figure 6-8. Connecting the Gas Supplies to the Ventilator
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Electrical Supply

Checkout Procedures

WARNING - Replace the power cord and plug if they are
damaged. Using a damaged cord may result in an electrical shock.

| WARNING — A 115 VAC ventifator equipped with a compressor
|| pedestal draws approximately 8.5 amperes (rms). When using a
|| ventilator with a compressor pedestal in conjunction with other
| medical equipment, be sure that the total electrical foad does not
| exceed the ampere rating of the branch circuit to which the ventila-
|| tor is connected. (A branch circuit includes all outlets serviced by
| one circuit breaker.} If the maximum current drain through a branch
|| circuit exceeds its rating, the branch circuit breaker will open and
i the ventilator will initiate a Power Disconnect alarm.

| WARNING - The ventifator has a three-pronged grounding plug
| for protection against shocks. Connect the ventilator’s power cord
| directly into a properly grounded three-wire receptacle only.

NEVER cut or remove the grounding prong from the equipment or

attemnpt to defeat the grounding feature.

CAUTION - Before connecting the ventilator to an AC outlet, check
the information on the data plate, located on the utility panel, and
verify that the AC power is of proper voltage and frequency. Serious
damage to the ventilator may result if AC voltage and
frequency do not match those specified on the data plate.

Test the ventilatory system for operational readiness:

L]

Run lamp test (described in Chapter 4).
Run Total Extended Self-Test (TEST) (described in Chapter 5).

Verify that the humidifier Is operating (see the humidifier operating
instructions for details).

Verify that the 7202 Display is operating. Press <ALARM RESET>
twice to clear and reset the screen. Refer to the 7202 Display appen-
dix for further details.

Verify that the printer is connected, turned on, and has paper.
Follow the preoperational procedures described in Chapter 3.

22300 A 9-80
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Glossary

Term

[AIRWAY PRESS DISCONN]

<AIRWAY PRESSURE cmH,0>

ALARM

Alarm Indicator

<ALARM RESET>

<ALARM SILENCE>

Alarm Summary Display

Definition

Message appearing in the message window when disconnect ventila-
tion occurs. Invoked automatically whenever microprocessor elec-
tronics determines that patient tubing is disconnected or plugged. See
also Disconnect Ventilation.

On the Basic kayboard, the PATIENT DATA key used to display airway
pressure in cmHO via the analog meter. See also Analog Meter.

On the Basic keyboard, the red Alarm Summary Display indicator that
flashes whenever any individual alarm indicator (except LOW
BATTERY and |:E) is triggered. Stays lit as long as any individual alarm
indicator is flashing. See also CAUTION and NORMAL. For the
Enhanced keyboard, see VENTILATOR ALARM.

One of the 12 VENTILATOR STATUS indicator lights that flashes when
the ventilator detects the associated alarm condition. Unless silenced,
the audible alarm sounds and the nurse’s call is activated in conjunc-
tion with most alarm conditions. An alarm indicator glows steadily
when the condition that triggered it is corrected or corrects itself. See
also Auto-reset and Alarm Threshold.

The VENTILATOR STATUS key that resets all triggered alarm indica-
tors, turns offthe VENTILATOR ALARM and CAUTION indicators, can-
cels the alarm silence feature, and starts the Battery Check. See also
<ALARM SILENCE > .

The VENTILATOR STATUS key that sitences the audible alarm and
nurse's call for two minutes after you press a key. This is cancelled by
loss of AC power, running of POST, < ALARM RESET >, and <LAMP
TEST >. See also <ALARM RESET >.

A section in the VENTILATOR STATUS section of the keyboard with six
indicator lights that summarize patient and ventilator alarm status in-
formation. Has five indicators: VENTILATOR ALARM, CAUTION,
BACK UP VENTILATOR, SAFETY VALVE OPEN, NORMAL and VENTI-
LATOR INOPERATIVE. See also Alarm Threshold.

22300A 9-90
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Apnea

Term

Alarm Threshold

Analog Meter

APNEA

Apnea Ventilation (AV)

Ventilation Parameters

Area Ratio

Assist Breath

<AUTOMATIC SIGH>

Auto-reset

Definition

The upper or lower limit value, defined by an operator-selected setting,
used to trigger an alarm. The alarm threshold keys are used to set trig-
ger values for six breath delivery settings (HIGH PRESSURE LIMIT,
HIGH RESPIRATORY RATE, LOW EXHALED MINUTE VOL, LOW EX-
HALED TIDALVOL, LOW INSPIRATION PRESSURE, and LOW PEEP/
CPAP PRESSURE). See also Alarm Indicator.

The analog display in the PATIENT DATA section which shows airway
pressure incmH,0. Onthe Basic keyboard, the analog meter may also
show exhaled volume uncorrected to BTPS. See also <AIRWAY
PRESSURE cmH»0 > and <EXHALED VOLUME liters > .

The indicator that lights when the ventilator detects apnea (the respira-
tory condition in which a patient fails to breathe). The ventilator recog-
nizes apnea as a gas flow less than the smaller of 50 ml through the
exhalation flow sensor of 10% of the tidal volume, during an operator-
selected interval. This interval is the period of time between the start of
an exhalation and the start of the next exhalation. The operator speci-
fies the interval duration (10-80 seconds) used to define apnea. See
also Apnea Ventilation and Apnea Ventilation Parameters.

The emergency ventilatory mode that automatically starts when apnea
is detected and, if operating in CMV or SIMV, the LOW INSPIRATORY
PRESSURE alarm is not active. [APNEA VENTILATION] is then dis-
played in the message window. Operator-selected apnea parameters
go into effect when apnea ventilation is invoked.

Operator-selected parameters (apnea interval, apnea tidal volume,
apnea peak flow, apnea respiratory rate, and apnea O2%) which go
into effect when apnea ventilation Is invoked.

The ratio of the control surface area of the exhalation valve to the
surface area of the valve defined by the seal. Area ratio is determined
during EST and is used to calculate PEEP. The default value is 1.40.
See also Extended Self-Test and PEEF.

Also known as a Patient-initiated Mandatory breath. Occursin the CMV
and SIMV modes when patient effort reduces system pressure below
the operator-selected sensitivity; illuminates the ASSIST breath-type
indicator. See also SIMV and Patient-initiated Mandatory Breath.

The key used to select operator-defined values for the four parameters
that define a sigh breath (a special kind of mandatory breath) for the
automatic sigh function. See also Sigh Breath and Manual Sigh.

The ventilator feature that automatically resets the VENTILATOR
ALARM display, individual alarm indicators, and the audible alarm.
Auto-resetting the triggered alarm condition (if only one alarm is active)
turns off the VENTILATOR ALARM display and the audible alarm. The
individual alarm indicator and the CAUTION display are illuminated
until reset with <ALARM RESET >,

2

Glossary
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Term

Auto-reset
{continued)

BACK UP VENTILATOR (BUV)

Basic Keyhoard

Battery-Backed Memory (BBR)

Breath Cycle, Breath Period
Breath Delivery

Breath Parameters

Breath—Type Indicator

BTPS (Body Temperature and
Pressure, Saturated)

BUV
CAUTION

Circuit Breaker

Definition
Because the |:E and LOW BATTERY alarms do not cause the alarm

summary display to light, the ventilator displays NORMAL when these
alarms are auto-reset. See also Alarm Indicator.

The Alarm Summary Display indicator that lights when the Back Up
Ventilator emergency ventilatory mode starts. The BUV mode auto-
matically begins when the third system error is detected in 24 hours.
BUV is an emergency alternative to “handbagging™ a patient with are-
suscitator. See also System Error.

The charcoal gray keyboard with colored borders to separate the sec-
tions. The PATIENT DATA section is at the top, the VENTILATOR STA-
TUS section is on the left, and the VENTILATOR SETTINGS section is
on the lower right. Two keys for the analog meter allow the operator
choose between airway pressure and exhaled volume. See < AIRWAY
PRESSURE cmH20 >, < EXHALED VOLUME liters >, and Enhanced
Keyboard.

A microprocessor memory section that stores current ventilator set-
tings when the ventilator is turned off and logs system errors, system
faults, and bypassed or failed EST tests. (BBR means Battery-Backed
RAM, where RAM means Random Access Memory.) See also Memory.

See Cycle Interval.
See Delivery, of a Breath.

The ventilator settings that allow the operator to specify the character-
istics of mandatory and spontaneous breaths. Six settings define man-
datory breaths. They are: tidal volume, respiratory rate, peak ins-
piratory flow, sensitivity, 0»%, and plateau. Two settings, O,% and
sensitivity, define spontaneous breaths. See Current Setting.

One of the four PATIENT DATA indicators that light up to show the type
of breath in progress (ASSIST, PLATEAU, SIGH, and SPONTANE-
OUS). See also Assist, Plateau, Sigh, and Spontaneous.

A standard set of conditions for measuring gas volume. Volume is cor-
rected to body temperature (37° C), ambient barometric pressure, and
saturated with water vapor.

See BACK UP VENTILATOR.

The yellow Alarm Summary Display indicator that lights when the venti-

lator auto-resets an alarm indicator. (This does not apply to the l.E or
LOW BATTERY alarms.) See also Auto-reset.

See Reset Button,
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<CLEAR>

cmH,0 Window

<CMV> (Continuous Mandatory
Ventilation)

Compressor

Conditional Ventilation

<CPAP> (Continuous Positive
Airway Pressure)

Critical Test

Cycle Interval

Default Setting

Delivery of a Breath

Descending Ramp Waveform Key

Definition

The VENTILATOR SETTINGS key used to erase a parameter value dis-
played in the message window. Pressing <CLEAR> allows a new
value to be entered but does not affect the current value. See also
<ENTER>.

The PATIENT DATA window that shows digital pressure values for
MEAN AIRWAY PRESSURE, PEAKAIRWAY PRESSURE, PEEP/CPAP,
and PLATEAU PRESSURE,

The VENTILATOR SETTINGS mode key used to select the ventilation
made in which all delivered breaths are ventilator-controlled or
assisted, and volume and flow rate-limited. Operator-initiated breaths
may also be delivered. Also the CMV ventilation mode.

The optional device that provides an air source for the ventilator if wall
airfails oris not available. The 7200 Series ventilator module sits on top
of the compressor, if installed.

Type of ventilation invoked when EST FAIL or EST COMPLETE stateis
overridden. Conditional ventilation should only be used in accordance
with institutional protocol because it signifies that the ventilator is not
operating normally. See also Critical Error, Extended Self-Test, and
Noncritical Error.

The VENTILATOR SETTINGS mode key used to start the ventilation
mode in which all breaths are spontaneous {except automatic sighs
and operator-initiated breaths}.

A subtest during Quick Extended Self-Test or Total Extended Self-Test
whose failure could compromise patient safety. Such afailure is called
a critical error. A critical test has failed if EST displays an error code
which ends in a number from 4 to 9 or with an A or B. See Noncritical
Test and Extended Self-Test.

The period in a mandatory breath from the beginning of inspiration to
the beginning of inspiration in the following mandatory breath. The op-
erator-selected respiratory rate setting determines the cycle intervai in
mandatory breathing. The cycle interval equals 60 seconds/Respira-
tory Rate for normal mandatory breaths. For sigh breaths, sigh cycle
interval may equal up to twice the <RESPIRATORY RATE>. Also
known as the breath cycle or breath period. See also <RESPIRATORY
RATE > .

A preprogrammed value automatically used as a setting when no
operator-specified value is currently active for a setting, orwhen BBRis
lost or erased. See also Current Setting.

The part of the cycle interval in amandatory breath in which gas is deliv-
ered to a patient. See Mandatory Breath.

Key used to select descending ramp waveform. See also Waveform
key.
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Term

Disconnect Ventilation (DV)

<ENTER>

Enhanced Keyboard

Error

Exhalation

Exhalation Valve

EXHALATION VALVE LEAK

<EXHALED VOLUME liters >

EST (Extended Self-Test)

Factory-set Parameters

Fauit

Definition

The emergency ventilatory mode that protects the patient from
excessive airway pressure if the patient pressure tubing is discon-
nected. The ventilator automatically starts this mode, which delivers
ventilator-initiated breaths in accordance with operator-selected
apnea parameters, if it detects pressure and flow conditions which are
consistent with disconnection, milking, or occlusion of the patient
tubing. [AIRWAY PRESS DISCONN] is then displayed in the message
window. See also Apnea Ventilation.

The VENTILATOR SETTINGS key that causes the ventitator to accept a
new setting. The lastkey pressed in the Entry Sequence. The new set-
ting is accepted provided the value is within the permissible range and
does not cause the |:E Ratio Check to fail. See also Entry Sequence.

The predominantly multi-color keyboard, with the PATIENT DATA
section on the left, the VENTILATOR SETTINGS section in the middle,
and the VENTILATOR STATUS section on the right. The analog meter
continously shows airway pressure. See Basic Keyboard.

See Critical Error, Noncritical Error, or System Error.

That part of the breath cycle during which gas flows from the patient’s
lungs through the exhalation flow sensor. Generally defined as the in-
terval from the end of an inspiration to the beginning of the nextinspira-
tion. See also Inspiration.

The valve in the exhalation compartment which opens during
exhalation to allow gas to flow from the lungs, and closes during
inspiration to allow gas o enter the patient's lungs. See also
Pneumatic System.

The alarm indicator that lights if gas flowing past the exhalation valve
during an expiration exceeds 10% of the delivered volume or 50 mi,
whichever is greater.

Only on the Basic keyboard. The PATIENT DATA key used to display
volume detected by the exhalation flow sensor during inspiration and
exhalation in liters on the analog meter. See also Analog Meter.

An interactive self-diagnostic test, controlled by microprocessor elec-
tronics, that checks the ventilator’'s pneumatic system. POST runs
whenever EST is initiated; EST can only be run if POST is passed.
Prompts tell the operator what to do during the course of the EST pro-
cedure. EST has two forms—QUEST and TEST. See also POST,
QUEST, and TEST.

See Default Setting.

See System Fault.
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Term

Flow Sensor

<HIGH PRESSURE LIMIT>

<HIGH RESPIRATORY RATE >

<|:E RATIO>

|:E Ratio Check

Inspiration

Inspiratory Threshold

Definition

An electrical device that converts gas flowing through it into an
electrical signal. The analog electrical signal produced by the
transducer is proportionai to the magnitude of the measured flow of
gas. See Pressure Transducer,

The VENTILATOR SETTINGS key used to select or review the upper
limit of airway pressure which will trigger the HIGH PRESSURE LIMIT
alarm indicator during a non-sigh breath.

HIGH PRESSURE LIMIT is also the alarm indicator that lights when air-
way pressure exceeds threshold value; may also occur in disconnect
ventilation. When this alarm triggers, the mandatory inspiration in pro-
gress is terminated.

The VENTILATOR SETTINGS key used to select or review the setting
for the upper limit of delivered respiratory rate which triggers the HIGH
RESPIRATORY RATE alarm indicator.

HIGH RESPIRATORY RATE is also the alarm indicator triggered when
the rate for the 10-breath running average is higher than the set
threshold.

The alarm indicator that monitors the ratio between inspiratory time
and expiratory time. Itlights if the |.E ratio is greater than 1:1;i.e., inspi-
ration is longer than expiration (e.g., 1:0.9). This alarm triggers if the
duration of a mandatory breath, including the plateau value, is greater
than 50% ofthe complete breath cycle’s duration. See <1:ERATIO >

The PATIENT DATA key used to display the calculated
inspiratory/expiratory time ratio in the RATE/I:E window. This ratio is
displayed as 1:XX.X where XX.X is: (expiration period divided by
inspiratory period). See Exhalation, Inspiration, or < RESPIRATORY
RATE >,

A microprocessor electronics-controlied check to ensure that manda-
tory inspiratory time is less than 75% of the cycle interval. |.E ratio is
determined by the current values for tidal volume, respiratory rate,
peak inspiratory flow. The I:E ratio check is automatically done after a
change in waveform or in any of the following parameters: peak ins-
piratory flow, plateau, respiratory rate, and tidal volume.

Theintervalin a breathwhen gas flows into a patient’s lungs. The venti-
lator begins inspiration on detection of a sufficient drop in airway pres-
sure due to patient effort or after a prescribed time elapses. The opera-
tor may also initiate an inspiration using the <MANUAL INSPIRA-
TION > key. The ventilatorthen delivers gas to the patient. See Manda-
tory Breath, < MANUAL INSPIRATION >, or Spontaneous Breath.

The airway pressure at which inspiratory effort triggers a breath. This
pressure equals operator-selected PEEP minus operator-selected
Sensitivity. See also PEEP, Sensitivity, Assist Breath, and Spontaneous
Breath.
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Term

Keyboard Display Panel

<LAMP TEST>

Liters Window

LOW BATTERY

<LOW EXHALED MINUTE VOL>

<|LOW EXHALED TiDAL VOL>

<LOW INSPIRATION
PRESSURE>

< |LOW PEEP/CPAP PRESSURE >

LOW PRESSURE AIR INLET

Definition

The membrane touch-pad used by the operator to give instructions to
the ventilator. The keyboard display panel allows the operator to spec-
ify ventilator. The keyboard display panel allows the operator to specify
ventilatory settings, to review ventilator status and patient data, to acti-
vate special functions, and to perform self-test procedures.

The VENTILATOR STATUS key used to test all displays andlights inthe
keyboard display panel (including the audible alarm, nurse’s call, and
the analog meter). This test lasts about 40 seconds and should be
done at least every time a patient is connected to the ventilator, but
may be done more often, according to operator preference.

The PATIENT DATA window that displays the averaged values for min-
ute, spontaneous, and tidal volumes when the corresponding PA-
TIENT DATA keys are pressed.

The alarm indicator that lights if an hourly check of the internal backup
battery power does not detect enough power to sound the audible
alarm for one hour.

The VENTILATOR SETTINGS key used to select or review the alarm
threshold value to trigger the LOW EXHALED MINUTE VOL alarm indi-

cator.

The VENTILATOR SETTINGS key used to select or review the alarm
threshold value to trigger the LOW EXHALED TIDAL VOL alarmindica-

tor.

The VENTILATOR SETTINGS key used to select or review the alarm
threshold value to trigger the LOW INSPIRATORY PRESSURE alarm

indicator.

LOW INSPIRATORY PRESSURE is the alarm indicator that lights when
peak airway pressure fails to reach the threshold value for low inspira-
tion pressure, for mandatory breaths only. When apnea has been de-
tected, and the LOW INSPIRATORY PRESSURE alarm is active, the
ventilator does not declare apnea ventilation. Peak inspiratory pres-
sure must be greater than the LOW INSPIRATORY PRESSURE thresh-
old value during the breath cycle to avoid triggering the alarm.

The VENTILATOR SETTINGS key used to select or review the alarm
threshold setting for the minimum positive pressure to be maintained
throughout the cycle interval. LOW PEEP/CPAP PRESSURE also re-
fers to the alarm indicator that triggers when PEEP/CPAP falls below
the threshold setting or when more than 5 liters of gas is delivered dur-
ing a spontaneous inspiration (the alarm setting must be set above “0”
to be enabled).

The alarm indicator that lights if intet pressure for the air supply is less
than 35 psig and no compressor is connected, or compressor pres-
sure is less than 7.5 psig.
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Term

LOW PRESSURE O, INLET

Machine-initiated Mandatory
Breath (MiM)

Mandatory Breath

<MANUAL INSPIRATION >

<MANUAL SIGH>

<MEAN AIRWAY PRESSURE >

Memory

Message
Message Window

Microprocessor

Microprocessor Electronics

Definition

The alarm indicator that lights if inlet pressure for the oxygen supply is
less than 35 psig and O2% is set to 22% or more.

See Ventilator-initiated Mandatory Breath (VIM).

One of the two breath types the ventilator delivers. It can be ventilator,
operator, or patient-initiated. The operator specifies waveform, tidal
volume, peak inspiratory flow, O2%, and (if required} plateau. See
Spontaneous Breath and Sigh.

The VENTILATOR SETTINGS key that allows delivery of one operator-
initiated mandatory breath. A manual inspiration resets the cycle inter-
val.

The VENTILATOR SETTINGS key that allows delivery of one operator-
inittated sigh tidal volume. No sigh is delivered if settings for automatic
sigh parameters have not been selected. A manual sigh resets the cy-
cle interval but does not change automatic sigh sequencing.

The PATIENT DATA key used to display calculated mean airway
pressure, averaged over one complete breath cycle, in the cmH20
window .

The part of microprocessor electronics that stores information and in-
structions. The ventilator has three kinds of memory. Dynamic RAM
(Random Access Memory) stores calculations while the ventilator is
running. Battery-backed RAM (BBR) stores operator-selected settings
when the ventilator is turned off. PROM (Programmable Read Only
Memory) microchips permanently store software instructions. See
also Battery-Backed Memory or Microprocessor Electronics.

Words and numbers displayed in the ventilator's message window
that give warnings, information, or instructions to the operator. See
also Message Window and Prompt.

The 20-character window in the VENTILATOR SETTINGS section
(directly above the parameter keys) that displays current and
proposed ventilator settings, messages containing warnings or
instructions (prompts), and LE ratio and EST information. See also
Message and Prompt.

The part of the ventilator that executes the settings entered by the
operator, The microprocessor controls and processes the flow of
information between microprocessor electronics, the pneumatic
system, and the keyboard display panel. See Microprocessor
Electronics.

The printed circuit boards in the ventilator that contro! the pneumatic
system, monitor patient and ventilator performance, and perform all
calculations.
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Term

<MINUTE VOLUME >

Mode

<NEBULIZER>

NORMAL

Noncritical Test

<100% Oy SUCTION>

<02%>

Operator-initiated Mandatory
Breath (OIM)

PATIENT DATA Section

Patient-initiated Mandatory Breath
(PIM)

Patient-initiated Mandatory (PIM)
Phase

Definition

The PATIENT DATA key used to display the calculated minute volume
in the liters window.

A ventilation mode. The set of rules that govern what breath types the
ventilator may deliver and when they may be delivered. See CMV,
SIMV, AND CPAP

The VENTILATOR SETTINGS. key that activates nebulization. The
nebulization circuit is automatically turned off after 30 minutes and in-
active if actual flow falls below 10 Lpm. Nebulization only occurs during
the inspiratory phase of the breath cycle and is suspended during ap-
nea ventilation, disconnect ventilation, or when a LOW PRESSURE
AIR or O» INLET alarm occurs.

The green (or blue) Alarm Summary Display indicator that lights when
a patient is being ventilated according to operator directions and no
alarm, caution, or emergency condition exists. See also VENTILATOR
ALARM and CAUTION.

A QUEST or TEST subtest which, if failed, does not jeopardize patient
safety. Failure of a noncritical test is called a noncritical error. See also
EST

The VENTILATOR SETTINGS key that turns on or off oxygenation for a
patient before or after tracheal suctioning. The ventilator delivers 100%
oxygen for two minutes when this function starts.

The VENTILATOR SETTINGS key used to select or review a value for
the parameter that defines the oxygen percentage (21 - 100) in deliv-
ered gas. 0»% is also the VENTILATOR SETTINGS window that con-
tinuously displays the digital value selected for the current, operator-
selected setting for the oxygen percentage of the inspiratory gas.

A mandatory breath delivered when the operator presses the
<MANUAL INSPIRATION > or < MANUAL SIGH > keys (provided no
mandatory inspiration is in progress). See also <MANUAL
INSPIRATION > or < MANUAL SIGH >

The section of the keyboard display panel which provides information
on breath types, pressures, volumes, rates, and ratios. This section
has a green background on the Enhanced keyboard or is bordered in
green on the Basic keyboard.

A mandatory breath delivered whenever the patient reduces airway
pressure to the inspiratory threshold (PEEP minus sensitivity). See
also PEEP, Sensitivity, Operator-initiated Mandatory Breath, or
Ventilator-initiated Mandatory Breath.

The part of the SIMV cycle during which patient inspiratory effort
causes the delivery of a mandatory breath.
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<PEAK

<PEAK

PEEP (

Term

Patient Service Circuit

Patient Service System

AIRWAY PRESSURE >

PEAK FLOW Ipm

INSPIRATORY FLOW >

Positive End Expiratory
Pressure)

< PEEP/CPAP>

<PLATEAU >

<PLATEAU PRESSURE >

Pneumatic System

POST (Power-On Self-Test)

Pressure Transducer

Definition

The patient service circuit transports gas from the humidifier to the pa-
tient and back to the ventilator’s exhalation compartment.

The ventilator components that transport gas from the ventilator to the
patient and back to the ventilator. This includes: the humidifier circuit
(warms and humidifies gas); the exhalation flow circuit (measures ex-
haled gas volume); and the patient service circuit (transports gas from
the humidifier circuit to the patient and back to the exhalation flow cir-
cuit). Bacteria filters are integrated in the patient service system. A
nebulizer may also be included.

The PATIENT DATA key used to display maximum pressure reached
during a mandatory inspiration. This measurement appears in the
cmH»0 window.

The VENTILATOR SETTINGS window used to continuously display
the digital value of the current, operator-selected setting for peak
inspiratory flow.

The VENTILATOR SETTINGS key used to select or review the setting
for the parameter that determines the maximum rate of delivery of the
tidal volume during mandatory breaths.

The pressure at the end of exhalation.

The PATIENT DATA key used to display the calcutated PEEP/CPAP
pressure in the cmH>0O window. PEEP/CPAP also refers to the PA-
TIENT DATA control knob used to select the PEEP level. See CPAP and
PEEP.

The VENTILATOR SETTINGS key used to select and review the value
for the inspiratory pause that follows the delivery of a mandatory
breath. PLATEAU is also the PATIENT DATA breath-type indicator that

lights during an inspiratory pause.

The PATIENT DATA key used to display the measured plateau
pressure in the cmH-0 window. [t is blank when plateau equals 0.

The system, controlled by microprocessor electronics, which regu-
lates the flow of air and oxygen to the patient. See also Proportional
Solenoid Valves.

A ventilator self-diagnostic test that automatically checks micropro-
cessor electronics whenever the ventilator is turned on and when
QUEST and TEST are initiated. POST runs automatically if a system
error is detected. See also QUEST and TEST.

A pressure-sensitive electrical device that converts pressure into
electrical signal. See Flow Sensor.
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Term

Prompt

Proportional Solenoid Valves

(PSOLS)

QUEST (Quick Extended Self-Test)

Ramp Key

Reset Buiton

<RESPIRATORY RATE>

SAFETY VALVE GPEN (SV0)

< SENSITIVITY >

SET RATE bpm

SIGH

Sigh Breath

Definition

Operator instructions that appear in the message window, generally
requiring an operator action. See Message.

The microprocessor-controlled pneumatic devices that determine the
mixture and flow of air and oxygen to the patient. Control of these
valves determines the waveform, tidal volume, plateau, peak
inspiratory flow, and 0% of the delivered gas.

The abbreviated form of EST to be performed by the operator at every
change of a patient circuit.

See Descending Ramp Key.

A safety device that “trips” (stops power from reaching the ventilator) if
an electrical overload occurs. Reset the ventilator or the compressor (if
installed) by pressing the appropriate button. The ventilator reset but-
ton is located on the utility panel; the compressor reset button is lo-
cated on the side of the compressor.

The VENTILATOR SETTINGS key used to select or review the setting
for the parameter that determines the number of breaths per minute for
ventilator-initiated mandatory breaths during CMV and SIMV.

An emergency condition during which the patient breathes room air,
unassisted by the ventilator. This mode is automatically initiated when-
ever any of the following conditions occurs: both the ventilator’s air
and oxygen supplies are nonfunctional; POST is running; a system
fault is detected; AC voltage to the ventilator is lost. SAFETY VALVE
OPEN is also a red alarm summary display indicator.

The VENTILATOR SETTINGS key which triggers the pneumatic sys-
tem to deliver breaths. This setting specifies the pressure drop re-
quired to begin a patient-initiated mandatory or to maintain a sponta-
neous breath. The sensitivity value is entered as a positive number and
subtracted from PEEP to calculate the inspiratory threshold. See also
Mandatory Breath, Patient-initiated Mandatory Breath, or Spontane-
ous Breath.

The VENTILATOR SETTINGS window that continuously displays the
current, operator-selected setting for respiratory rate. Display applies
only to mandatory breaths and is blanked when the CPAP modes is
active.

The PATIENT DATA breath-type indicator that lights during the sigh
breath cycle.

A type of mandatory breath with four operator-selected parameters:
sigh tidal volume, sigh high pressure limit, sigh events per hour, and
multiple sighs per sigh event. A sigh breath can, depending on the tidal
volume setting, deliver a larger than normal tidal volume.
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<SIMV> (Synchronized
Intermittent Mandatory
Ventilation)

Sine Waveform Key

SPONTANEOUS

Spontaneous Phase

Spontaneous Breath

Square Waveform Key

Sterilization

SVO

System Error

System Fault

<TIDAL VOLUME>

TIDAL VOL liters

TEST (Total Extended Self-Test)

Definition

The VENTILATOR SETTINGS mode key used to select the ventilation
mode in which breaths may be either mandatory or spontaneous. See
CMV, CPAP, PIM Phase, and Spontaneous Phase.

Key used to specify sine wavefarm.

The PATIENT DATA breath-type indicator that lights during a
spontaneous inspiration.

The remainder of a SIMV cycle following a patient-initiated mandatory
breath.

One of the breath types the ventilator can deliver. The operator
determines a spontaneous breath’s O.%. Patient effort determines a
spontaneous breath’s tidal volume, flow rate, and waveform. See
Mandatory Breath.

The VENTILATOR SETTINGS key used to select the square waveform.

A process that kills microorganisms. Common sterilization techniques
include steam autoclaving, exposure to ETO gas, and chemical
disinfection.

See Safety Valve Open.

A ventitator malfunction that does not jeopardize gas delivery to a
patient. POST and ongoing checks detect system errors. See System
Fault.

A ventilator malfunction that may jeopardize gas delivery to a patient.
System faults may be detected during QUEST and TEST, ongoing
checks can also detect some system faults, BUV is inhibited by system
faults. See System Error and Ventilator Inoperative.

The VENTILATOR SETTINGS key used to select or review the setting
for the parameter that defines the value for the volume of gas, cor-
rected to BTPS, delivered to the patient for all non-sigh mandatory
breaths. TIDAL VOLUME also refers to the PATIENT DATA key used to
display the current value for tidal volume in the liters window.

Tidal Volume also refers to the volume of gas delivered to a patient
during amandatory breath. The actual volume of gas leaving the pneu-
matic system during a mandatory breath equals the tidal volume or
sigh tidal volume setting plus the compliance volume of the patient
service system and BTPS correction.

The VENTILATOR SETTINGS window that continuously displays the
digital value for the current, operator-selected tidal volume setting.

The thorough version of EST performed by the technician as part of pe-
riodic maintenance procedures.
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Term
Transducer

Utility Panel

Ventilator-initiated Mandatory
Breath (VIM)

VENTILATOR INOPERATIVE

VENTILATOR SETTINGS
'VENTILATOR STATUS

Waveform

<> (Asterisk) Key
<e> (Decimal Point) Key

<++> (Pius-Plus) Key

[Square Brackets]

<Angle Brackets>

Definition
See Flow Sensor and Pressure Transducer.

The portion of the ventilator where the power switch, reset button, EST
button, alarm volume control knob, output signal connector, rating la-
bel, and power cord are located.

A mandatory breath initiated according to the operator-selected set-
ting for < RESPIRATORY RATE > . See also Operator-initiated Manda-
tory Breath or Patient-initiated Mandatory Breath.

The alarm summary indicator that lights whenever a system fauit is
detected. The safety vaive opens and the SAFETY VALVE OPEN dis-
play lights. The detection of a system fault means the ventilator is inop-
erative and the patient Is breathing room air, unassisted by the ventila-
tor. See Safety Valve Open and System Fault.

Section of the keyboard display panel used by the operator to select
ventilator settings.

Section of the keyboard display panel which reports the ventilator’s
operation condition and alarm status.

The ventilator’s time-dependent gas flow patten during a mandatory
breath. The ventilator produces three operator-selected waveforms:
square, descending ramp, and sine. See Square Waveform, Descend-
ing Ramp Waveform, and Sine Waveform.

{Key on keyboard display panel used to reverse through <++> key
functions or through automatic sigh parameters.

The VENTILATOR SETTINGS key used to select tractional values for
ventilator settings.

The VENTILATOR SETTINGS key used to access an option or a
special function such as apnea ventilation parameters or
clock-calendar reset.

Square brackets are used to signify messages or prompts appearing
in the message window on the keyboard display panel. For example,
when the ventilator detects apnea, the message [APNEA VENTILA-
TION] is displayed.

Angle brackets are used when referring to titles of kéys on the key-
board display panel. For example, to change the tidal volume, press
the <TIDAL VOLUME > key.
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Symbols

< Angle Brackets >, definition of, Glossary13
[Square Brackets], definition of, Glossary 13

<++> Key
definition of, Glossary 13
function 1. See Apnea Ventilation
function 2. See Clock-Calendar Reset
function of, 2-9
location of, 3-19

< ++> Key Functions
general operaling instructions, 3-19
in general, how to select and set, 3-37

<% > Key
definition of, Glossary 13
function of, 2-8

Numbers

[100% 02 OFF] Message, meaning of, 2-12
[100% O2 ON} Message, meaning of, 2-12

100% O» Suction
definition of, Glossary 9
description of, 1-8
operating instructions, 3-18
summary for selecling, 3-36

< 100% 02 SUCTION> Key
definition of, Glossary 8
function of, 2-9
location of, 3-17

[1401 ERR] Message, meaning of, 5-1
7200a¢e Ventilator, 1-1

7202 Display
how to order, 4-21
preoperational inspection, 3-4

A

AC Power, connecting o ventilator, 6-9
Accessories, list of part numbers, 4-21

[AIRWAY PRESS DISCONN] Message
definition of, Glossary 1
meaning of, 2-13
occurrence of, 2-36, 3-29, Glossary 5

Airway Pressure
how calculated, 2-28
on analog meter, 1-9
definition of, 2-29

< AIRWAY PRESSURE > Key
definition of, Glossary 1
function of, 2-11

ALARM Display
See also VENTILATOR ALARM Display
definition of, Glossary 1
description of, 1-8
function of, 2-10, 3-25
when illuminated, 2-33

< ALARM RESET > Key
definition of, Glossary 1
description of, 1-8
function of, 2-8, 3-27
pressing to clear alarm displays, 2-33
triggering battery check, 4-14

< ALARM SILENCE > Key
definition of, Glossary 1
description of, 1-8
during Lamp Test, 2-30
{function of, 2-9, 3-27

Alarm Summary Display
See also Alarms
bulb, replacement part number, 4-18
components of, 1-8
definition of, Glossary 1
funciion of each display, 2-10, 3-25
replacing bulbs in Basic keyboard, 4-14

Alarm Volume Control
funciion of, 2-14
location of, 2-14
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Alarms
See also Alarm Summary Display
affect on ventilation, 2-33
audible, when sounded, 2-33
during Lamp Test, 2-30
during suctioning, 3-18
general description, 2-32
indicators
definition of, Glossary 1
function of each, 2-10
locatlon of threshold keys, 3-12
respanding to, in general, 3-27
setting thresholds, 3-11
specifications, 1-8
summary for setiing fhresholds, 3-36
threshold, definition of, Glossary 2
threshold entry flowchait, 3-13

triggered by operator-selecied ihresholds, 3-24

when triggered and auto-reset, 2-34
Amperage, ventilator, 1-6

Analog Meter
airway pressure, 1-9
calculation for, 2-27, 2-29
detinition of, Glossary 2
during Lamp Test, 4-12
on Basic keyboard, 3-24
< AIRWAY PRESSURE > key, Glossary 1
when updated, 3-24

Analog Meter Keys, function of, 2-11
Analog signal. See Cuiput Signal Connector
Apnea, detection of, during SIMV, 2-20

APNEA Alarm
definition of, Glossary 2
description of, 1-8
effect on ventilation, 3-26
function of, 2-10
when triggered and auto-reset, 2-35

Apnea Ventilation

See also Emergency Modes
<++> key sequence chart, 3-21
<++> key sequence table, 3-22
auto-resetting of, 2-36
definition of, Glossary 2
description and Initiation of, 2-36
how {0 reset, 2-36
how triggered during CPAR, 2-33
initiation and cancellation, 3-29
parameters

definition of, Glossary 2

ranges for setting, 3-15
parameters and thresholds for, 3-30
selecting parameters, 3-20
setting intervai, 3-20
stopping Lamp Test, 2-30
suspending nebulization, 2-25
when triggered and auto-reset, 2-35

[APNEA VENTILATION] Message
meaning of, 2-13
occurrence of, 2-36, 3-29

Area Ratio
and calculation for PEEP/CPAP value, 2-28
definition of, Glossary 2
how calculated, 2-22
in PEEP calculation, 2-25
value calculated during EST, 5-7
vaiues used to calcuiate, 2-22

Arm, flex. Sge Flex Arm
Assembly, venlilator, general procedure, 6-1

Assist Brealh
See also Patient-Initiated Mandatory Breath
definition of, Glossary 2

ASSIST Indicator
function of, 2-11
general description of, 1-9
oceurrence of, 2-29

Audible Alarm. See Alarms

[AUTO SIGH OFF} Message, meaning of, 2-12
[AUTO SIGH ON] Message, meaning of, 2-12
Auto-Reset, definition of, Glossary 2

Autociaving
See also Sterilizing
general procedure for, 4-5

Automatic Sigh
See also Sigh Function
description of, 1-8
messages for, 2-12
summary for setting, 3-37

< AUTOMATIC SIGH> Key
definition of, Glossary 2
function of, 2-8
location of, 3-17

B

BACK UP VENTILATOR Display
definition of, Glossary 3
description of, 1-8
function of, 2-10, 3-25
occurrence of, 2-37, 3-5, 3-29

Back Up Ventilator Mode
See also Emergency Modes
definition of, Gilossary 3
description and causes of, 2-36
description of, 1-9
initiated by ongoing checks, 4-16
initiated by system errors, 2-31
initiation and cancellation of, 3-28
initiation of, 2-29 '
parameters and thresholds for, 3-31

2 Index
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Back Up Ventilator Mode (continued)
stopping Lamp Test, 2-30
warning for allernate ventilation, 2-37

Batteries
battery check, operation of, 4-14
during storage of ventilator, 1-4, 4-16
expected life during storage, 4-16
for memory, 2-4
function of, 1-4
importance of heeding LOW BATTERY alarm, 3-28
replacing, 4-15
specifications of, 1-6

Battery-Backed Memory. See Memory
BBR. See Memory

Breath Cycle. See Cycle Interval
Breath Delivery. See Mandatory Breath

Breath Parameters
definition of, Glossary 3
enlry flowchart, 3-13
keys, location of, 3-12
operating instructions, 3-11

Breath Period. See Cycle Interval

Breath Types
See also Mandatory Breath; Operator-Initiated
Mandatory Breath; Patient-Initiated Mandatory
Breath; Ventilater-lnitiated Mandatory Breath
description of, 2-15
during SIMV, 2-18
indicators. See Indicators

BTPS
accuracy of calculation, 2-21
definition of, 1-3, Glossary 3
in tidat volume calculation, 3-24

C

Calciuations
airway pressure, general description, 2-28
volume, general description, 2-27

CAUTION Display
definition of, Glossary 3
description of, 1-8
function of, 2-10, 3-25
when illumninated, 2-33

[CHANGE PK F/TV FIRST] Message
meaning and operator action, 3-16
meaning of, 2-13

Check Valves, in pneumatic system, 2-3

Checkout Procedures
See also Preoperational Procedures
steps to follow, 6-9

Circuit Breaker, See Reset Button

Cleaning
general description of, 4-1
general procedure for, 4-5
ventilator parts and surfaces, 4-2

<CLEAR> Key
definition of, Glossary 4
function of, 2-9

Clock-Calendar Reset
<++> key sequence chart, 3-21
operaling instructions, 3-22

cmHzO Window
definition of, Glossary 4
description of, Glossary 10
displays for, 2-11

<CMV> Key
definition of, Glossary 4
function of, 2-8

CMV Mode
changing to SIMV mode, 2-20
cycle interval, definition of, 2-17
definition of, Glossary 4
general definition of, 2-17
operating instructions, 3-9
operation during, 2-17
summary for selecting, 3-36

Collector Vial
cleaning and sterilizing, 4-2
daily maintenance, 4-9
precperational inspection, 3-3
replacement part number, 4-18

Compliance
value calculated during EST, 5-7
volume
and exhated volume on analog meter, 2-27
calculation of, 2-21

{COMPR ATTACH/] Message, responding to, 5-4

Compressor
contrel by switch-over circuit, 2-38
definition, Glossary 4
during POST, 2-39
loss of pressure, 2-39
preoperational inspection, 3-4
pressure supplied by, 2-2
preventive maintenance kit, 4-11
repacking kit, 4-17

Conditional Ventilation
definition of, Glossary 4
description of, 5-24

Connectors and Couplings
cleaning and sterilizing, 4-2
replacement part numbers, 4-18

Continuous Mandatory Ventilation. See CMV Mode

Continuous Positive Airway Pressure. See CPAP Mode
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< CPAP> Key
definition of, Glossary 4
function of, 2-9

CPAP Mode
cycle interval, 2-20
definition of, Glossary 4
general definition of, 2-17
operating instructions, 3-9
operation during, 2-20
summary for selecting, 3-36

Critical Test
See also Extended Self-Test; Noncritical Test
definition of, Glossary 4
description of, 5-2
list of, 5-27
overriding a failure of, 5-27

Cycle Interval, definition of, Glossary 4

D

Decimal Places, recognized for ventilator
settings, 3-14

Decimal Point Key
definition of, Glossary 13
function of, 2-8
operating instructions, 3-12

[DECR RESP RATE FIRST] Message
meaning and operator action, 3-16
meaning of, 2-13

Default Settings
definition of, Glossary 4
for ventilator settings, table of, 3-9
when ventilator uses them, 3-8

Descending Ramp Waveform
key
definition of, Glossary 4
function of, 2-9
summary for selecting, 3-36

Bisconnect Ventilation
See also Emergency Modes
definition of, Glossary 5
description and causes of, 2-36
initiation and cancellation of, 3-29

message for. See [AIRWAY PRESS DISCONN]

parameters and thresholds for, 3-30
stopping Lamp Test, 2-30
suspending nebulizer, 2-25

when triggered and auto-reset, 2-35

Disinfection
See also Sterilizing
chemical, general procedure for, 4-6

Displays, digital
during EST, 5-2
functions of, 2-11

Elapsed Time Meter, location of, 4-7
Electrical Specifications, ventilator, 1-6
Electrical Supply, connecting to ventilator, 6-9
Emergency Modes

See also Apnea Ventilation; Back Up Ventilation
Mode; Disconnect Ventilation; Safety Valve

Open Slate
description of, 2-35
initiation and cancellation of, 3-28
list of, 19
parameters and thresholds for, 3-30
when iriggered and aulo-reset, 2-35

<ENTER > Key
definition of, Glossary 5
function of, 2-8

Environmental Requirements, ventilator, 1-5

[ERR 99XX DO NOT USE] Message,
occurrence of, 3-28

[ERR WXYZ DO NOT USE] Message,
meaning of, 2-13

Errors
See also Sysiem Errors
canceling messages during EST, 5-24
code block numbers, 5-26
codes during EST, description of, 5-25
critical and noncritical, during EST, 5-27
description of messages during EST, 5-25
messages during sigh function, 3-18
meassages while setting paramelers, 3-16

EST Buiton
function of, 2-14
location of, 2-14

[EST COMPLETE] Message
meaning of, 2-13
meaning of and response to, 5-23

EST COMPLETE State, overriding and patient
safety, 5-26

[EST FAIL] Message
meaning of, 2-13
meaning of and response to, 5-23

EST FAIL State
due to lack of oxygen, 5-4
overriding and patient safety, 5-26

{EST PASS] Message, meaning of, 2-13, 5-23

ETO Gas
See also Sterllizing
exposure to, general procedure, 4-6

4 Index

22300A 9-9p




Exhalation

See afso Inspiration; Mandatory Breath

begimning of
calculation for, 2-27
mandatory breath, 2-22
spontaneous breath, 2-24

definition of, Glossary 5

trigger, during plateau, 2-22

Exhalation Compartment
in patient system, 2-5
postoperational procedure, 3-35
preoperational inspection, 3-3

Exhalation Flow Circult, in patient system, 2-5

Exhalation Valve
See also Pneumatic System
and calculation for PEEP/CPAP value, 2-28
definition of, Glossary 5
during breath delivery, 2-22
external, warning about, 3-1, 6-4
illustration of, 2-22
in PEEP calculalion, 2-25
internal, caution against cleaning, 4-2

EXHALATION VALVE LEAK Alarm
action of, 3-27
deflnition of, Glossary 5
description of, 1-8
funciion of, 2-10
when triggered and auto-reset, 2-35

Exhaled Volume :
See also Analog Meter; Keyboard, Basic
on analog meter, 1-9
calculation for, 2-27
compared to TIDAL VOLUME display, 3-24
definition of, 2-29
< EXHALED VOLUME > Key

description of, Glossary 5
function of, 2-11

Extended Self-Test
and digital displays, 5-2
canceling a request, 5-4

compliance and area ratio calculated, how to read,

57
conclusion state, 5-23
definition of, Glossary 5
error messages caused by operator, 5-4
how to display error codes, 5-7

how to dispiay results of last-run EST version, 5-6

how to repeat a test after step failure, 5-6
how to repeat from beginning, 5-7

how to stop, 5-4

how to stop scrolling message, 5-7

teak value measured, 5-7

override, how to, 5-7

override feature, description of, 5-26
overview of, 5-1

procedure to run, 5-2
start/end messages, 5-6
test sequences, list of, 5-27

F

Factory-set Parameters. See Default Settings
Fault. See System Fault
Filter Heater. See Heater

Filters
annual maintenance, 4-12
cleaning and sterilizing, 4-2
compressor cooling fan
maintenance for, 4-10
removal and illustration of, 4-11
electronics compariment cooling fan
maintenance for, 4-10
removal and illustration of, 4-10
replacement part number, 4-18
exhalation
daily maintenance for, 4-8
preoperational inspection, 3-3
removing from ventilator, 3-35
warning to check daily, 3-3

gas supply

daily maintenance and replacement of, 4-8

illustration of, 4-8
preoperational inspection, 3-3
replacement part numbers, 4-20
in patient system, 2-5
main flow
daily maintenance for, 4-8
preoperational inspection, 3-3

measuring resistance with external gauge, 4-4

measuring resistance with metered air source, 4-4

nebulizer, daily maintenance for, 4-9
replacement part numbers, 4-18

Flex Arm
cleaning, 4-2
correct position, 3-1
installing on ventilator, 6-4
replacement part number, 4-18

Flow Sensor
definition of, Glossary 6
exhalation, caution against cleaning, 4-2
in pneumatic system, 2-3

Fiow setling. See Peak Inspiratory Flow
Frequency (Hz), ventilator, 1-6

Function 1. See Apnea Ventilation
Function 2. See Clock-Calendar Reset

[FUNCTION XX SELECT] Message,
occurrence of, 3-20
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G

Gas Supply
assumed humidlfication of, 2-21
connecting o ventilator, 6-8
description of system, 2-2
during nebulization, 2-25
functional relationship of, 2-1
hoses, replacement part numbers, 4-18
inlet connections, preoperational inspection, 3-3
loss of pressure, 2-39
operating pressure, 2-2
required during EST, 5-2
switch-over circuit
descilption of, 2-38
requirements for, 2-2
water traps and filters, See Water Traps or Filters

H

Hazard
explosion, 1-2
fire, 1-2

Heater, exhalation filter
preoperational inspection, 3-3
removing from ventifator, 3-35
replacement part number, 4-18

fHI PRESS] Prompt, meaning of, 2-12
[HI RSP RT} Prompt, meaning of, 2-12

HIGH PRESSURE LIMIT Alarm
affect on ventilation, 2-33
changes to, affect on sigh limnit, 3-18
definition of, Giossary 6
description of, 1-8
during Back Up Ventilator mode, 3-31
during disconnect ventilation, 2-36
during plateau, 2-22
during sigh breaths or manual inspiration, 2-20
during sighs. See Sigh Function
effect on ventilation, 3-26
function of, 2-10
range for setting, 1-7, 3-14
triggered during plateau, 2-27
when triggered and auto-reset, 2-34

<HIGH PRESSURE LIMIT> Key
definition of, Glossary 6
function of, 2-8

HIGH RESPIRATORY RATE Alarm
action of, 3-26
definition of, Glossary 6
description of, 1-8
function of, 2-10
range for setting, 1-7, 3-15
when triggered and auto-reset, 2-34

<HIGH RESPIRATORY RATE> Key
definition of, Glossary 6
function of, 2-8

HIP Alarm, See HIGH PRESSURE LIMIT Alarm

Hoses, gas supply, replacement part numbers, 4-18
Humidification, assumed value, for calcuiation, 2-21,

2-26
Humidification System, function of, 2-26

Humidifier
and accurate spirometry, 2-26
Cascade, part number for, 4-21
in patient system, 2-5
installing the circuit, 6-2
mounting plate and gasket, replacernent part

numbers, 4-18

ouilet power raling, 1-6, 2-26
preoperational inspection, 3-4
removing from ventilator, 3-34
warning to use temperature alarm, 6-2

LLE Alarm
See also [:E Ratio
action of, 3-26
detinition of, Glossary 6
description of, 1-8
function of, 2-10
Indication of, 2-33
when triggered and auto-reset, 2-35

}:E Ratio
See also I.E Alarm
definition of, 2-28

|:E Ratio Check
causing error messages, 3-16
definition of, Glossary 6
description of, 2-31
for apnea veniilation parameters, 3-21
general description, 1-9
how invoked, 2-32
messages and meanings, 2-13
operator response If falls, 2-32

:E RATIO Display
calcuiation for, 2-28
definition of, Glossary 6
description of, 1-9
how to select, 2-11
when updated, 3-24

<1:E RATIO> Key
definition of, Glossary 6
function of, 2-11

Indicators, breath-type
See also ASSIST Indicator; PLATEAU Indicator;
SIGH Indicator; SPONTANEQUS Indicator
definition of, Glossary 3
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Indicators, breath-type (continued)
general description, 1-8
occurrence of, 2-29
specific functions of, 2-11

Inlet, gas. See Gas Supply

inspiration

See also Mandatory Breath

and |:E Ratio Check, 2-31

beginning of
calculation for, 2-27
during mandatory breath, 2-20
spontaneous breath, 2-24

definition of, Glossary 6

inspiratory threshold, definition of, Glossary §

mandatary, termination by HIGH PRESSURE LIMIT

Alarm, Glossary 6

installation, ventilalor, general procedure, 6-1

[INVALID ENTRY) Message
meaning and operator action, 3-16
meaning of, 2-13

[INVALID KEY] Message
meaning of, during EST, 5-4
responding to, during EST, 5-24

K

Keyboard
See also Keyboard Display Panel
Basic, 1-1, 1-3
analog meter, 1-9, 3-24
calculations for analog meter, 2-29
definition of, 2-6, Glossary 3
during TEST, 5-21
exhaled volume on analog meter, 2-27
illustration of, 2-7, 3-6, 3-7, 3-10, 3-11, 3-17, 3-19,
3-23, 5-3, 5-8
illustration of during Lamp Test, 4-13
replacing alarm summary bulbs, 4-14
during EST, 5-3, 5-8
Enhanced, 1-1
definition of, 2-6, Glossary 5
during TEST, 5-21
illustration of, 2-7, 3-8, 3-7, 3-10, 3-11, 3-17, 3-18,
3-23,53,5-8
Hiustration of during Lamp Test, 4-13
versions of, 1-1

Keyboard Display Panel
See also Keyboard
cleaning precautions, 4-2
controls on, 2-8
definition of, Glossary 7
description of, 2-6
duting Lamp Test, 4-13
functional relationship of, 2-1
illustration of organization, 2-7
versions of, 1-1

Lamp Test
and software revision, how to read, 5-7
definition of, Glossary 7
description of operation, 3-6
general description of, 1-8, 2-30
how invoked, 2-32
illustration of keyboard during, 4-13
operation of, 4-12
operator response if fails, 2-32
when cancelled automatically, 2-30, 3-8

<LAMP TEST> Key
definition of, Glossary 7
function of, 2-9

Leakage Current, ventilator, 1-6
LIP Alarm. See LOW INSPIRATORY PRESSURE Alarm

Liters Window
definition of, Glossary 7
displays in, 2-11

[LO EXH MV] Prompt, meaning of, 2-12

[LO EXH TV] Prompt, meaning of, 2-12

{LO PEEP] Prompt, meaning of, 2-12

[LO PRESS] Prompt, meaning of, 2-12
Loudness Conlrol, See Alam Volume Control

[LOW AC POWER] Message
meaning of, 2-13
occurrence during Back Up Ventilator mode, 2-37
occurrence of, 3-29

LOW BATTERY Alarm
action of, 3-27
definition of, Glossary 7
description of, 1-8
function of. See Battery
importance in responding 1o, 3-28
indication of, 2-33
occurrence of, after storage, 4-16
responding to, 4-14
when triggered, 4-14
when triggered and auto-reset, 2-35

< LOW EXHALED MINUTE VOL> Key
definition of, Glossary 7
function of, 2-8

LOW EXHALED MINUTE VOLUME Alarm
action of, 3-26
description of, 1-8
function of, 2-10
range for setting, 1-7, 3-15
when triggered and auto-reset, 2-34

< LOW EXHALED TIDAL VOL > Key
definition of, Glossary 7
function of, 2-8
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LOW EXHALED TIDAL VOLUME Alarm
action of, 3-26
description of, 1-8
function of, 2-10
range for setting, 1-7, 3-14
when friggered and auto-reset, 2-34

<LOW INSPIRATION PRESSURE > Key
definition of, Glossary 7
function of, 2-8

LOW INSPIRATORY PRESSURE Alarm
definition of, Glossary 7
description of, 1-8
effect of, 3-26
function of, 2-10
range for setling, 1-7, 3-14
threshold, application to mandatory breath, 3-12
when triggered, Glossary 7
when friggered and auto-reset, 2-34

LOW PEEP/CPAP PRESSURE Alarm
action of, 3-26
definition of, Glossary 7
description of, 1-8
funciion of, 2-10
range for setting, 1-7, 3-14
when triggered, 2-32
when triggered and auto-reset, 2-34

<LOW PEEP/CPAP PRESSURE > Key
definition of, Glossary 7
function of, 2-8

LOW PRESSURE AIR INLET Alarm
affect on ventilation, 2-33
cause of, 2-39
detinition of, Glossary 7
description of, 1-8
effect on ventilation, 3-26
function of, 2-10
occurrence of, 3-29
when triggered and auto-reset, 2-34

LOW PRESSURE G5 INLET Alarm
affect on ventilation, 2-33
cause of, 2-39
definition of, Glossary 8
description of, 1-8
effect on ventilation, 3-26
function of, 2-10
occurrence of, 3-29
when friggered and auto-reset, 2-34

M

Machine-Initiated Mandatory Breath. See
Ventilator-initiated Mandatory Breath

Mainienance. See Prevenlive or Periodic Maintenance

Mandatory Breath
See also Exhalation and Inspiration; Patient-Initiated
Mandatory Breath
breath delivery, definition of, Glossary 4
cycle interval, definition of, Glossary 4
definition of, Glossary 8
delivery of, 2.20
description of, 2-15
end of inspiration, calculation for, 2-27
illustration of initiation, 2-15

Manual Inspiration
See also Operator-Initialed Mandatory Breath
definition of, Glossary 8
description of, 1-8
operating Instructions, 3-17
summary for selecling, 3-36

<MANUAL INSPIRATION> Key
definition of, Glossary 8
function of, 2-9
location of, 3-17
pressed during mandatory breath, 2-15

Manual Sigh
definition of, Glossary 8
description of, 1-8
summary for setting, 3-36

<MANUAL SIGH> Key
definition of, Glossary 8
function of, 2-9, 2-18
pressed during mandatory breath, 2-15

MEAN AIRWAY PRESSURE Display
caiculation for, 2-28
description of, 1-9
when updated, 3-24

<MEAN AIRWAY PRESSURE > Key -
See also cmH0 Window
definition of, Glossary 8
function of, 2-11

Memory
See also Microprocessor Electronics
battery-backed, definition of, Glossary 3
BBR, definition of, Glossary 3
contents of, 2-4
definition of, Glossary 8
in microprocessor electronics, 2-3, 2-4

Message Window
definition of, Glossary 8
function of, 2-8

Messages
definition of, Glossary 8
during EST, 5-6
their meanings, 2-12
fimeowt period for, during EST, 5-4

Meter, time. See Elapsed Time Meter

8 Index
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Microprocessor
See also Microprocessor Electronics
definition of, Gilossary 8

Microprocessor Electronics
definition of, Glossary 8
description of, 2-3
during a spontaneous breath, 2-23
funclional relationship of, 2-1
general description of, 1-3
in pneumatic system, 2-3

MINUTE VOLUME Display
calculation of, 2-28
description of, 1-9
when updated, 3-24

<MINUTE VOLUME > Key
See also Liters Window
definition of, Glossary 9
function of, 2-11

Model 7200ae Ventitator, 1-1

Modes
See also CMV Mode; CPAP Mode; SIMV Mode
definition of, Glossary 9
keys, location of, 3-10
" operating instructions, 3-9
ventitator
breath-types, 2-17
general description, 2-16

N

Nebutizer Fiow Check
description of, 2-31
how invoked, 2-32
operator response if fails, 2-32

<NEBULIZER > Key
definition of, Glossary 9
during nebulization, 2-25
function of, 2-9
location of, 3-17

Noncritical Test
definition of, Glossary 9
description of, 5-2
list of, 5-27
overriding a failure of, 5-26

NORMAL Display
definition of, Glossaty 9
description of, 1-8
function of, 2-10, 3-25

Numeric Key Pad, function of, 2-8

Nurse's Call
See also Output signal
connections for, 6-7
in Cutput Signal, 1-10
warning for not signaling loss of power,
1-10, 3-28, 6-7

0

[NEB ATTACH/] Message, responding to, 5-4

[NEB DISCONNECT] Message
cause of, 3-18
meaning of, 2-13
occurrence during nebulizer flow check, 2-31

[NEB OFF] Message, meaning of, 2-12
[NEB ON] Message, meaning of, 2-12
Nebulization. Ses Nebulizer

Nebulizer
canceling of, 2-25
cleaning and sterilizing, 4-2
definition of, Glossary 9
description of, 1-8, 2-25
disconnect, stopping Lamp Test, 2-30
filter, daily maintenance for, 4-9
illustration of duration, 2-26
in patient system, 2-5
in pneumatic system, 2-3
installing on ventilator, 6-6
messages for, 2-12
operating instructions, 3-19
preoperational inspection, 3-3
turning on, 3-37

O, Monitor
installing on ventilator, 6-6
part numbers for, 4-21
preoperational inspection, 3-4
recommendation for use, 3-4

O, Supply, required during TEST, 5-2
0,%
apnea. See Apnea Ventilation

range for setting, 1-7, 3-14
summary for setting, 3-36

0»% Display
definition of, Glossary 9
function of, 2-9
reason for fiashing value, 3-12, 3-18

<0p% > Key
definition of, Glossary 9
function of, 2-8

Off. See Postoperational Procedures
OIM. See Operator-Initiated Mandatory Breath
On/Off Switch. See Power Switch

Ongoing Checks
description of, 2-31
general description of, 1-9
how invoked, 2-32
operator response if fails, 2-32
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Operating Instructions, introduction to, 3-1
Operation of Ventilator, description of, 2-15

[OPERATOR RESPONSE TIMED OUT] Message. See
{TIMED QUT] Message

Operator-Initiated Mandatory Breath
See also Manual Inspiration
definition of, Glossary 9
description of, 2-15
occurrence in each mode, 2-17

Options, ventilator. See Ventilator Options

Qutput Signal Cornnector
analog signal, 1-10
connections for analog signal recorder, 6-7
connections for nurse’s call relay, 6-7
function of, 2-14
general description of, 1-10
location of, 2-14
pin description for, 6-7
preoperational inspection, 3-4
warning for not signaling loss of power,
1-10, 3-28, 6-7

Override, during EST. See Extended Self-Test
[OVERRIDE —ENTER] Message, meaning of, 2-13

P

Paramelers. See Alarms; Breath Parameters; Breath
Parameters or Alarms

Parts. See Replacement Parts

[PAT TUBING OFF — ENTER] Message
meaning of, 2-13
response to, 5-2
timeout period for, 5-4

Patient Data Displays, general description, 1-8

PATIENT DATA Section
definition of, Glossary 9
description of controls, 2-11
location of keys, 3-23
selecting and monitoring displays, 3-23

Patient Service Circuit
See also Patlent Service System
cleaning and sterilizing tubing, 4-2
definition of, Glossary 10
disassembly of, 4-3
installing on ventilator, 6-4
leak value, measured during EST, 5-7
part numbers for, 4-21
preoperational inspection, 3-2
removing from ventliator, 3-34
tube hanger, replacement part number, 4-18

Patient Service System
See also Patient Service Circuit
definition of, Glossary 10

description of, 2-5

functional relationship of, 2-1
illustration of, 2-5
preoperational inspection, 3-1

Patient-Initiated Mandatory Breath
See afso Mandatory Breath
breath phase, definition of, Glossary 9
definition of, Glossary 9
description of, 2-15
during SIMV, 2-18
occurrence in each mode, 2-17

PEAK AIRWAY PRESSURE Display
caiculation far, 2-28
description of, 1-9
when updated, 3-24

<PEAK AIRWAY PRESSURE > Key
definition of, Glossary 10
function of, 2-11

PEAK FLOW Display
definition of, Glossary 10
function of, 2-9
reason for fiashing values, 3-12

Peak Inspiratory Flow
apnea, See Apnea Ventilation
during nebulization, 2-25
parameter, application to mandatory breaths, 3-12
range for setting, 1-7, 3-14
summary for setting, 3-36

< PEAK INSPIRATORY FLOW > Key
definition of, Glossary 10
function of, 2-8

Pedestal, installing to ventilator module, 6-1

PEEP
definition of, Glossary 10
gas supply for, during normal operation, 2-22

FEEP/CPAP Display
calculation for, 2-28
description of, 1-9
when updated, 3-24

< PEEP/CPAP > Display Key
definition of, Glossary 10
function of, 2-11

PEEP/CPAP Level
calculation of value, 2-25
comparison of analog and digital values, 3-11

PEEP/CPAP Setting
contro} knob
definition of, Glossary 10
function of, 2-8
location of, 3-11
warning during emergency modes, 3-11
during emergency modes, 2-36
range of, 1-7
warning during safety valve open, 2-38

10 Index
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Prieurnatic Specifications, ventilator, 1-6

Periodic Maintenance
See also Preventlve Maintenance
schedule for, 4-7

PIM Breath. See Patient-Initiated Mandatory Breath

Plateau
and end of inspiration, 2-27
and PLATEAU PRESSURE display, 2-28
during breath delivery, 2-22
parameter, application to mandatory breaths, 3-12
range for seiting, 1-7, 3-14
summary for setting, 3-36

PLATEAU Indicator
definition of, Glossary 10
function of, 2-11
general description, 1-9
occurrence of, 2-28

< PLATEAU > Key
definition of, Glossary 10
function of, 2-8

PLATEAU PRESSURE Display
calculation for, 2-28
description of, 1-9
when updated, 3-24

<PLATEAU PRESSURE > Key
definition of, Glossary 10
function of, 2-11

Pneumatic System
definition of, Glossary 10
description of, 2-3
during a mandatory breath, 2-21
during a spontansous breath, 2-23
functional relationship of, 2-1
with microprocessor eleclronics, 2-3

Positive End Expiratory Pressure. See PEEP or
PEEP/CPAP

POST. See Power-On Self-Test

Postoperational Procedures
illustrations, 3-32
steps to follow, 3-32

Power, AC, connecting to ventiiator, 6-9
Power Consumption, ventilator, 1-6

Power Cord, plugging in, 3-1

Power Disconnect, stopping Lamp Test, 2-30

Power Bisconnact Alarm
caused by humidifier, 2-26
description of, 1-8, 2-33
effect on ventilation, 3-27
responding o, 3-28
when triggered and auto-reset, 2-35

Power Switch
function of, 2-14
location of, 2-14, 3-5

Power-On Self-Test
definition of, Glossary 10
description of operation, 3-5
general description of, 1-4, 1-8, 2-29
how invoked, 2-32
illustration of messages and displays, 3-6
operator response if fails, 2-32
overview of, 5-1

[POWER-ON SELF-TEST] Message, occuirence of,
3-5, 5-1

Precautions
general, 1-2
need for clinical surveillance, 1-2

Preoperational Procedures
checkout procedures, 6-9
general cautions, 3-1
inspection points, 3-1
steps 1o foliow, 3-1

Preventive Maintenance
See also Perlodic Maintenance
kits for 2,500 and 10,000 hours, 4-11

Printer, preoperational inspection, 3-4
Prompt, definition of, Glossary 10

Proportional Solenoid Valves
definition of, Glossary 11
in breath delivery, 1-3
in pneumatic system, 2-3

PSOL. See Proportional Solenoid Valves

a

QUEST. See Quick Extended Self-Test
Quick EST. See Quick Extended Self-Test

[QUICK EST] Prompt
meaning of, 2-13
occurrence of, 5-2

Quick Extended Self-Test
as part of normal operation, 3-6
definition of, Glossary 11
general description of, 1-8, 2-29
how invoked, 2-32
operator response if fails, 2-32
overview of, 5-2
precperational inspection, 3-4
procedure to run, by test step, 5-8
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R

Ramp Key. See Descending Ramp Waveform, key
[RAMP SHAPE] Prompt, meaning of, 2-12

RATE Display
calculation for, 2-28
description of, 1-9
how to select, 2-11
when updated, 3-24

<RATE > Key, function of, 2-11
Repacking, ventilator, kils, 4-17
Repairs, for ventilator, 4-17

Repiacement Parts
for gas supply water traps and filters, 4-20
for ventilator, 4-18

Resel Butlon
compressor, in preoperational inspection, 3-4
definition of, Glossary 11
ventilator
function of, 2-14
location of, 2-14

[RESP RATE] Prompt, meaning of, 2-12

Respiratory Rate
apnea. See Apnea Parameters
changes causing error messages, 3-16
parameter, application to mandatory breaths, 3-12
range for setting, 1-7, 3-14
summary for setting, 3-36

Respiratory Rate Display. See RATE Display

<RESPIRATORY RATE> Key
definition of, Glossary 11
function of, 2-8

[REVIEW APNEA PARAMS] Message
occurrence of, 3-20
reason for, 3-5

[REVIEW SIGH PARAMS] Message
cause of, 3-17
meaning of, 2-13

{RUN EST--DO NOT USE] Message
cause of, after EST, 5-4
meaning of, 2-13
occurrence after POST, 2-29
occurrence of, 3-5
during EST, after power failure, 5-5

S

Safety Valve, In pneumatic system, 2-3

SAFETY VALVE OPEN Display
See also Safety Valve Open State
cause of, 2-38

description, 1-8
during POST, 3-5
function of, 2-10, 3-25
occurrence of, 3-29

Safety Valve Open State
See also Emergency Modes
caused by humidifier, 2-26
definition of, Glossary 11
description, 1-9
description and causes of, 2-37
during POST, 2-29
during power disconnect alarm, 2-33
initiation and cancellation of, 3-29
nonfunctioning keys during, 3-28
occurrence during ongeing checks, 2-31, 4-16
stopping Lamp Tes!, 2-30
triggered by lack of gas source, 2-38
triggered by low pressure gas inlet alarms, 3-26
triggered by low pressure inlet alarms, 2-33
triggered by power disconnect alarm, 3-27

Self-Diagnostics
See also Lamp Test; Power-On Self-Test; Quick
Extended Self-Test; Total Extended Self-Test

general description of, 1-9, 2-29
other than EST, descripiions of, 4-12

Self-Tests
See also Extended Self-Test; Power-On Self-Test;
Quick Extended Self-Test; Total Extended
Self-Test
intfroduction 1o, 5-1

[SENS] Prompt, meaning of, 2-12

Sensitivity
definition of, Glossary 11
during disconnect ventilation, 2-36, 3-30
range of setting for, 1-7, 3-14
summary for setting, 3-36

< SENSITIVITY > Key
definition of, Glossary 11
function of, 2-8

Sensors, monitoring, removing from ventilator, 3-33

SET RATE Display
definition of, Glossary 11
during CPAP, 3-13
function of, 2-9
reason for flashing values, 3-12

Settings. See Vanlilator Settings

Sigh Breath
characteristics of, 2-16
cycle interval definition, 2-16
definition of, Glossary 11
description of, 3-18
patient-initiated, during CMV, 2-17
tidal volume of, 2-16
ventilator-initiated, during CMV, 2-17

12 Index
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Sigh Function
description of, 2-15
efror messages during parameter setting, 3-18
operating instructions, 3-17
ranges for parameter settings, 3-15

[SIGH HIPL] Prormpt, meaning of, 2-12

SIGH Indicator
definition of, Glossary 11
function of, 2-11
general description, 1-9
occurrence of, 2-29

[SIGH RATE] Prompt, meaning of, 2-12
[SIGH TV] Prompt, meaning of, 2-12

<8IMV> Key
definition of, Glossary 11
function of, 2-9

SIMV Mode

and sigh breaths, 3-18
cycie interval

definition of, 2-18

when changing from CMV, 2-20
general definition of, 2-17
inspiratory effort during, 2-19
operating Instructions, 3-9
operation during, 2-18
summary for selecting, 3-36

[SINE SHAPE] Prompt, meaning of, 2-12

Sine Waveform
key
definition of, Glossary 12
function of, 2-8
summary for selecting, 3-36

Software Revision
how 1o read, 5-7
provided during Lamp Test, 4-12

Specifications
electrical, 1-6
ventilator, 1-5

size, 1-5
weight, 1-5

Spirametry, accuracy for, 2-26

SPONT MINUTE VOLUME Display
calculation of, 2-28
description of, 1-9
when updated, 3-24

< SPONT MINUTE VOLUME > Key, function of, 2-11

Spontaneous Breath
definition of, Glossary 12
delivery of, 2-23
description of, 2-16
during SIMV, 2-18
end of inspiration, 2-27

occurrence in each mode, 2-17
phase, definition of, Glossary 12

SPONTANEOUS Indicator
definition of, Giossary 12
function of, 2-11
general description, 1-9
occurrence of, 2-29

[SQUARE SHAPE] Prompt, meaning of, 2-12

Square Waveform
key
definiion of, Glossary 12
function of, 2-8
summary for selecting, 3-36

[START EST — ENTER] Message
occurrence of, 5-2
timeout period for, 5-4

[START EST — ENTER] Message, meaning of, 2-13

Steam Autoclaving
See also Sterilizing
general procedure for, 4-5

Sterilizing
definition of, Glossary 12
general description of, 4-1
general procedure for, 4-5
ventilator parts and surfaces, 4-2

Storage
battery life during, 1-4
precautions fo follow, 4-16
requirements for, 1-6

Support Arm. See Flex Arm

[SVO DUE TO LSP] Message
cause and definition of, 2-37
meaning of, 2-13
occurrence of, 3-29

Synchronous Intermittent Mandatory Ventilation.
See SIMV Mode

System Errors, definition of, 2-31, 4-16, Glossary 12
System Faults, definition of, 2-31, 4-16, Glossary 12

T

Temperalure, airway, warning 10 use temperature
alarm, 6-2

Temperature Alarm, humiditier, part number for, 4-21

Temperature Probe, airway, preoperational
inspection, 3-4

TEST. See Total Extended Self-Test
Test Lung, replacement part number, 4-18
Test Sequences, list of, during EST, 5-27
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Tidal Volume
apnea. See Apnea Ventilation
changes, and affect on sigh tidal volume, 3-18
definition of, Glossary 12
delivered
BTPS-corrected, 2-21
compliance volume added, 2-21
during sighs. See Sigh Function
parameter, application to mandatory breaths, 3-12
range for setting, 1-7, 3-14
summary for setting, 3-36

TIDAL VOLUME Display
calculation for, 2-27
detinition of, Glossary 12
description of, 1-9
function of, 2-9
kay, funclion of, 2-11
reason for flashing values, 3-12
when updated, 3-24

<TIDAL VOLUME > Key
definition of, Glossary 12
function of, 2-8

Time Meter. See Elapsed Time Meter

[TIMED QUT] Message
meaning of, during EST, 5-4
responding to, during EST, 5-24

Total EST. See Total Extended Self-Test
[TOTAL EST] Prompt, meaning of, 2-13

Total Extended Self-Test
definition of, Glossary 12
gas supplies required, 5-2
general description of, 1-8, 2-29
how invoked, 2-32
operator response if fails, 2-32
overview of, 5-2
preoperational Inspection, 3-4
procedure 1o run, steps to follow, 5-13

Transducer, pressure
See also Flow Sensor
definition of, Glossary 10

Tubing. See Patient Service Circuit
Tumning Off Ventilator. See Postoperational Procedures

U

Units of Measure, for parameters and alarm
thresholds, 2-12

[UPDATE PARAMS-ENTER] Prompt,
Imponance of, 3-21

Utility Panel
definition of, Glossary 13
description of, 2-14
illustration of, 2-14, 3-5

vV

Ventilation, conditional, definition of, Glossary 4

Ventitator
checkout procedures, 6-9
cleaning and sterilizing, recommended actions, 4-2
function of, 2-1
general description of, 1-1
illustration of replacement paris, 4-18
installation and assembly, general procedure for, 6-1
installing module on pedestal, 6-1
preventive maintenance kits, 4-11
repacking kits, 4-17
repair of, 4-17
replacement parts for, 4-18
specifications for, 1-5
storage of, 4-16

VENTILATOR ALARM Display
See also ALARM Display
description of, 1-8
function of, 2-10, 3-25
when llluminated, 2-33

VENTILATOR INOPERATIVE Display
cause of, 2-38
definition of, Glossary 13
description of, 1-8
during Lamp Test, 2-30
during ongoing checks, 2-31, 4-16
function of, 2-10, 3-25
occurrence of, 3-28

Ventilator Options
See also <++> Key Functions
brief description of, 2-16

Ventilator Setlings
in memory, 2-4
ranges for, 1-7, 3-14
recognized decimal places, 3-14
selecting, 3-8
summary for selecting, 3-36

VENTILATOR SETTINGS Section
definition of, Glossary 13
on keyboard display panel, 2-6

VENTILATOR STATUS Section
definition of, Glossary 13
on keyboard display panel, 2-6

Ventilator-Initiated Mandatory Breath
definition of, Glossary 13
during SIMV, 2-18
occurrence in each mode, 2-17

VIM Breath. See Ventllator-Initlated Mandatory Breath
\oltage, ventilator, 1-6

Voltage Drop, causing Back Up Ventilator mode, 2-37
Volume Control, for alarm, focation of, 2-14

14 Index
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Water Traps _

See also Collector Vial

gas supply
cleaning of, 4-2
daily maintenance and disassembly of, 4-8
illustration of, 4-8
precperational inspection, 3-3
replacement part numbers, 4-20

in use with wall air, 2-2

in-line, cleaning and sterilizing, 4-2

Waveforms
See afso Descending Ramp Waveform, Sine
Waveform; Square Waveform

and nebulization flow, 2-25
applicaiion to mandatory breaths, 3-12
definition of, Glossary 13
keys
jocation of, 3-10
prompts for, 2-12
operating Instructions, 3-10

Weight, of ventilator, 1-5

[WXYZ ERR] Message
meaning of, 2-13, 5-1
occurrence of, after POST, 3-5
ocecurrence of, during EST, 5-4
responding to, during EST, 5-24
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