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Background: Anesthesia gas delivery equipment is a poten-
tially important source of patient injury. To better define the
contribution of gas delivery equipment to professional liabil-
ity in anesthesia, the authors conducted an in-depth analysis
of cases from the database of the American Society of Anesthe-
siologists Closed Claims Project.

Methods: The database of the Closed Claims Project is com-
posed of closed US malpractice claims that have been collected
in a standardized manner. All claims resulting from the use
of gas delivery equipment were reviewed for recurrent pat-
terns of injury.

Results: Gas delivery equipment was associated with 72 (2%)
of 3,791 claims in the database. Death and permanent brain
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damage accounted for almost all adverse outcomes (n = 55, 76%).
Equipment misuse was defined as fault or human error associ-
ated with the preparation, maintenance, or deployment of a
medical device. Equipment failure was defined as unexpected
malfunction of a medical device, despite routine maintenance
and previous uneventful use. Misuse of equipment (n = 54, 75%)
was three times more common than equipment failure (n = 17,
24%). Misconnects and disconnects of the breathing circuit made
the largest contribution to injury (n = 25, 35%). Reviewers judged
that 38 of 72 claims (53%) could have been prevented by pulse
oximetry, capnography, or a combination of these two monitors.
Overall, 56 of 72 gas delivery claims (78%) were deemed prevent-
able with the use or better use of monitors. The year of occur-
rence for claims involving gas delivery equipment ranged from
1962 to 1991 and did not differ significantly from claims involv-
ing other adverse respiratory events.

Conclusions: Claims associated with gas delivery equipment

are infrequent but severe and continue to occur in the 1990s.
Educational and preventive strategies that focus on equipment
misuse and breathing circuit configuration may have the great-
est potential for enhancing the safety of anesthesia gas deliv-
ery equipment. (Key words: Anesthesia: claims; complica-
tions; injuries. Equipment: misuse; failure.)
ALMOST every piece of medical equipment carries some
risk for misuse or failure. Anesthetic gas delivery devices
are a particular concern because they exhibit several basic
features that may predispose to critical events and subse-
quent patient injury. These include the presence of multi-
ple connections, the use of complex mechanical compo-
nents, and variations in manufacture and design.

We used the database of the American Society of Anes-
thesiologists (ASA) Closed Claims Project to conduct a
detailed analysis of adverse outcomes associated with
the use of gas delivery devices. The purpose of this
study was to identify patterns of causation and strategies
for prevention of injury that might not be evident from
the study of isolated case reports or from data obtained
under disparate investigative conditions.

Methods

The ASA Closed Claims Project is a structured evalua-
tion of adverse anesthetic outcomes obtained from the
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closed claims files of 35 US professional liability insur-
ance companies. Claims for dental damage are not in-
cluded in this project. The database for the present
study consists of 3,791 claims for adverse outcomes
that occurred between 1961 and 1994. Three fourths
(76%) of these claims occurred between 1980 and 1990.

A detailed description of the data collection process
has been reported.' In brief, a closed claim file for an
adverse anesthetic outcome typically consists of rele-
vant hospital and medical records, narrative statements
from involved health care personnel, expert and peer
reviews, deposition summaries, outcome reports, and
the cost of settlement or jury award. Each claim is re-
viewed by a practicing anesthesiologist according to a
standardized set of instructions. The reviewer uses a
standardized form to record information on patient
characteristics, surgical procedures, sequence and loca-
tion of events, critical incidents, clinical manifestations
of injury, standard of care, and outcome. An adverse
outcome is deemed preventable with better monitoring
if the reviewer believes that the use or better use of
any monitoring device probably would have prevented
the outcome, regardless of whether such monitor was
available at the time of the event. The reliability of
reviewer judgments has been found to be acceptable.”

For the present study, gas delivery equipment was
defined as any device used to convey gas to or from
the endotracheal tube or mask. Claims involving endo-
tracheal tubes and masks have been studied separately’~>
and thus were not included here. Each claim related to
a problem involving gas delivery equipment was as-
signed to one of six basic equipment groups: anesthesia
machine, breathing circuit, supplemental oxygen deliv-
ery tubing, gas supply tank or line, vaporizer, or me-
chanical ventilator (table 1).

Each claim file was examined for evidence of equip-
ment misuse or failure. Equipment misuse was used
to characterize claims in which the injury originated
from human fault or error associated with the prepara-
tion, maintenance, or deployment of a medical device.
An example of equipment misuse is the installation of
a PEEP valve on the inspiratory limb of the breathing
circuit. Equipment failure was used to characterize
claims in which the device appeared to malfunction
unexpectedly, despite routine maintenance and previ-
ous uneventful use. An example of equipment failure
is a unidirectional ventilator valve that suddenly failed
to open. A designation of uncertain was applied to
cases in which the claim file did not contain enough
information to distinguish between a primary role for
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Table 1. Equipment Groups

Equipment Group Description

Anesthesia machine  Equipment components situated between:

The fresh gas tank or supply line inlets
of the anesthesia machine, and

The common-gas outlet of the
anesthesia machine, excluding the
vaporizer

Note: The vaporizer is considered
separately; see below.

Inspiratory and expiratory limb
components that:

Originate at the common-gas outlet of
the anesthesia machine or at the gas
delivery outlet of the ventilator, and

Terminate at the connection to the
endotracheal tube or mask

Note: The CO, canister, scavenger system,
and expiratory valves are included in
this group; the endotracheal tube and
mask are excluded (see Methods)

Tubing used to convey oxygen from a wall
oxygen source to devices such as
masks and nasal cannulae

Equipment components, storage units, gas
cylinders, or pipelines connected to
the fresh gas supply inlets of the
anesthesia machine

Breathing circuit

Supplemental
oxygen delivery
tubing

Supply tank or line

Vaporizer Equipment components situated between:
The incoming gas supply port of the
vaporizer, and
The gas outlet of the vaporizer
Ventilator Equipment components situated between:

The incoming gas supply ports of the
ventilator, and
The gas delivery outlet of the ventilator

misuse or failure. In keeping with Cooper’s classifica-
tion scheme,” breathing circuit disconnects that per-
sisted to the point of patient injury were considered
examples of faulty intraoperative maintenance and thus
were classified as equipment misuse.

Each claim was further characterized by an initiating
event, a mechanism of injury, and an adverse outcome.
An initiating event was defined as the aspect of equip-
ment usage or function that was identified in the re-
cords as the key or critical starting point for evolution
of the injury. An example of an initiating event is the
detachment of a ventilator hose from the breathing cir-
cuit. Mechanism of injury was defined as the physio-
logic process or abnormality that played the primary
role in producing the adverse outcome. Overdose of an
inhalational anesthetic is an example of a mechanism
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Table 2. Adverse Outcomes
Brain Recovery Tracheostomy

Equipment Group Death Damage Awareness/Fright Delayed Scar Pneumothorax
Breathing circuit (n = 28) 10 10 1 5 1 1
Vaporizer (n = 15) 7 3 5 0 0 0
Ventilator (n = 12) 7/ 5 0 0 0 0
Supply tanks or lines (n = 8) 6 2 0 0 0 0
Anesthesia machine (n = 5) 3 0 1 0 1 0
Supplemental O, tubing (n = 4) 1 1 0 0 0 2
Total (n = 72) 34 (47%) 21 (29%) 7 (10%) 5 (7%) 2 (3%) 3 (4%)

of injury. Adverse outcome was defined as the actual
injury sustained by the patient.

Several specific terms were used to describe recurrent
initiating events. A disconnect was defined as the loss
of attachment or continuity in a breathing circuit that
was initially configured in a functional and conventional
manner. A misconnect was defined as a nonfunctional
and unconventional configuration of breathing circuit
components or attachments. An oxygen switch was de-
fined as the unintended substitution of an oxygen sup-
ply tank or supply line with another tank or line that
did not contain or convey 100% oxygen.

Payments for settlement and jury award were ex-
pressed in original dollar amounts, without adjustment
for inflation. Because payments did not exhibit a normal
distribution, the median and range were used as descrip-
tive measures. Statistical comparisons of payment distri-
butions were made using the Kolmogorov-Smirnov test,
with P = 0.05 considered significant. The same method
was used to compare the distribution of occurrence
dates for gas delivery claims versus other claims.

Results

Gas delivery equipment accounted for 72 of 3,791
claims (2%) in the ASA Closed Claims database. The

Table 3. Occurrence Sites

Occurrence Site

Operating
Equipment Group Room PACU ICU

Breathing circuit (n = 28) 26 1 1
Vaporizer (n = 15) 15 0 0
Ventilator (n = 12) 8 2 2
Supply tanks or lines (n = 8) 8 0 0
Anesthesia machine (n = 5) D 0 0
Supplemental O, tubing (n = 4) 0 3 1
Total (n = 72) 62 (86%) 6 (8%) 4 (6%)
PACU = postanesthesia care unit; ICU = intensive care unit.

Anesthesiology, V 87, No 4, Oct 1997

most common adverse outcomes were death and brain
damage (n = 55, 76%; table 2). Almost all adverse events
associated with gas delivery equipment occurred in the
operating room (n = 62, 86%; table 3). The breathing
circuit was the most common source of injury, account-
ing for 28 of 72 claims (39%; table 2). Vaporizers (n =
15), ventilators (n = 12), and supply tanks or lines (n
= 8) accounted for 49% of gas delivery claims. Events
associated with the anesthesia machine were compara-
tively rare (n = 5, 7%).

Equipment misuse (n = 54, 75%) was three times
more frequent than equipment failure (n = 17, 24%:
table 4). Two thirds of claims involving misuse (38 of
54, 70%) resulted directly and almost exclusively from
the actions of the primary anesthesia provider (7.e., anes-
thesiologist or nurse anesthetist). In the remaining 16
claims (30%), misuse resulted, at least in part, from the
contributory actions of ancillary personnel such as tech-
nicians, engineers, suppliers, or nurses in the postanes-
thesia care unit (PACU) or intensive care unit (ICU). The
role of ancillary personnel was especially prominent in
claims involving a switch in oxygen supply (all seven
cases). The contributory actions in these cases included
crossed installation of supply lines at the back of the
anesthesia machine by technicians (four cases), crossed
installation of central supply lines by construction per-

Table 4. Misuse and Failure

Claims Characterized by

Equipment Group Misuse Failure Uncertain

Breathing circuit (n = 28) 26
Vaporizer (n = 15) 7i
Ventilator (n = 12) 8
Supply tanks or lines (n = 8) 7
Anesthesia machine (n = 5) 2
Supplemental O, tubing (n = 4) 4

4

2
8
3
1
3
0
Total (n = 72) & 7

0
0
1

0
0
0
1

(75%) 17 (24%) (1%)
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sonnel (one case), delivery of the wrong central tank
by a gas supplier (one case), and unannounced nitrogen
flushing of central oxygen lines by service engineers
(one case). Actions of nursing personnel contributed to
four of the six injuries that took place in the PACU.
Three of these claims involved supplemental oxygen
supply tubing that had been misused by creating a di-
rect attachment between the wall oxygen source and
the endotracheal tube. One other PACU claim involved
a disconnect that occurred while a ventilator-dependent
patient was left unattended by the recovery room nurse.
Nurses or respiratory therapists played a contributory
role in three of the four injuries that took place in the
ICU by disabling a low-pressure disconnect alarm, by
using a ventilator that had a misinstalled valve, and by
creating a direct attachment between the wall oxygen
source and the endotracheal tube (one case each). One
intraoperative event involving the breathing circuit was
linked to backward installation of a one-way valve by a
service technician.

Two initiating events accounted for more than one
third of all gas delivery claims (n = 25, 35%): miscon-
nects (n = 14, 19%) and disconnects (n = 11, 15%).
The three most frequently specified sites for discon-
nects and misconnects were the junction between the
breathing circuit and the gas delivery outlet of the venti-
lator (9 of 25 cases, 36%), the junction between the
distal end of the breathing circuit and the endotracheal
tube (4 of 25 cases; 16%), and a location on the inspira-
tory limb of the breathing circuit that allowed the inter-
position of a PEEP valve (3 of 25 cases; 12%). The site
of misconnect or disconnect was unspecified or un-
known in 6 of 25 cases (24%). Other types of initiating
events occurred at a frequency of 10% or less and usu-
ally were characterized by operator errors such as fail-
ure to turn on a device, selecting the wrong knob or
dial, or the misinstallation of valves, gas lines, or gas
tanks (table 5). Switches involving oxygen supply more
often were associated with supply lines (six cases) than
supply tanks (one case).

Inadequate oxygenation was the primary mechanism
of injury in approximately half of the claims (n = 38,
53%). This mechanism was associated with all discon-
nects, oxygen supply switches, and failures to turn on
the ventilator. Two other mechanisms of injury ac-
counted for most of the remaining claims: excessive
airway pressure (n = 13, 18%) and overdose of inhala-
tional anesthetic (n = 12, 17%). Claims involving exces-
sive airway pressure exhibited two recurrent errors:
incorrect connection of a breathing circuit hose to the
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Table 5. Initiating Events

Number of
Equipment Group Initiating Event Claims % OF 72
Breathing circuit
(n = 28) Misconnect 14 19
Disconnect 11 15
Leak 1
Valve failure 1 1
CO, canister defect 1 1
Vaporizer (n = 15) Valve failure 5 74
Leak 2 3
Wrong dial/setting 2 3
Tipped over 1 1
Hooked up backward 1 1
Not turned on 1 1
Knob turned
inadvertently 1 1
Uncertain 2 3
Ventilator (n = 12) Not turned on 3 4
Valve misinstalled 2 3
Wrong ventilator
chosen 1 il
Valve failure 1 1
Wrong setting 1 1
Uncertain 4 6
Supply tanks or
lines (n = 8) Oxygen switch 7 10
Uncertain 1 1
Anesthesia machine
(n=25) Leak 3 4
Wrong knob turned 1 1
Uncertain 1 1
Supplemental O, Direct connection-
tubing (n = 4) wall to patient 4 6

ventilator (five cases), and use of supplemental oxygen
delivery tubing in a PACU or ICU setting to create a
direct connection between a source of wall oxygen
and the endotracheal tube (four cases). Overdose of
inhalational anesthetic was associated with three basic
problems: valve malfunction within the vaporizer (five
cases), spillage of liquid inhalational agent into the
breathing circuit (two cases), and choice of the wrong
dial or setting (two cases).

Most of the gas delivery claims resulted from events
that took place in the decade of the 1980s (n = 49,
68%), with occurrence dates ranging from 1962 to 1991
(table 6). Injuries related to gas delivery equipment rep-
resented 2% (53/3,037) of all claims occurring during
or after 1980 and 1% (18/1495) of all claims occurring
during or after 1985. The distribution of occurrence
dates for gas delivery claims was not significantly differ-
ent from other types of adverse respiratory events. Gas
delivery claims tended to be earlier in occurrence than
nonrespiratory claims (P = 0.01, table 6). Of note,
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claims involving anesthesia machines, ventilators, and
oxygen supply lines and tanks all predated 1990. Claims
resulting from breathing circuits, vaporizers, and sup-
plemental O, tubing continued to occur in the 1990s.

A focused analysis of the eight claims involving vapor-
izer failure revealed an interesting contrast between
older and newer claims. Six of the eight claims for va-
porizer failure occurred before 1985, and all six resulted
in brain damage or death. The initiating event in five
of the six claims was vaporizer valve malfunction (spool
valve or check valve). In one of the six claims, an initiat-
ing event was not explicitly identified, but liquid inhala-
tion agent was found in the CO, canister, and experts
who reviewed the case cited similar problems with that
model of vaporizer. In contrast, the two more recent
claims involving vaporizer failure (1990 and 1991) were
associated with intraoperative awareness. Both of the
recent claims were caused by the delivery of inhalation
agents at concentrations that were lower than intended.
In one case, inadequate agent delivery was attributed
to a leak produced by a missing vaporizer O-ring. In
the other case, the claim file simply indicated that the
vaporizer underwent subsequent testing and that the
device was ‘“‘not delivering the prescribed concentra-
tion.”

Reviewers judged that the use or better use of moni-
toring could have prevented injury in 56 of 72 gas deliv-
ery claims (78%), including 11 (61%) of the 18 claims
occurring between 1985 and 1991. Reviewers identified
a preventive role for the following monitors: pulse ox-
imeter (35 cases), capnograph (25 cases), anesthetic
agent analyzer (12 cases), oxygen analyzer (9 cases),
airway pressure alarm (7 cases), and precordial or
esophageal stethoscope (1 case). In 9 of 56 cases (16%),
a mechanical monitor or alarm (e.g,, oxygen analyzer,
high- or low-pressure circuit alarm, oxygen-ratio moni-
tor controller) that could have played a preventative
role was physically present as an anesthesia machine
attachment or component, but was either turned off or
broken. In three cases (5%), a mechanical monitor or
alarm that could have played a preventative role was
not physically present as an attachment or component
on the anesthesia machine. Claims that reviewers did
not consider preventable with better monitoring (16
of 72; 22%) typically involved situations in which the
initiating event progressed rapidly to a point at which
it created an injurious physiologic process. Examples
include barotrauma produced by attaching an endotra-
cheal tube directly to a 50 psi source of oxygen and
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Table 6. Year of Event
Equipment Group Median Range

Breathing circuit (n = 28) 1981 1962-1990
Vaporizer (n = 15) 1984 1978-1991
Ventilator (n = 12) 1982-1983 1980-1988
Supply tanks or lines (n = 8) 1977 1975-1983
Anesthesia machine (n = 5) 1980-1981 1977-1987
Supplemental O, tubing (n = 4) 1986-1987 1977-1991
All gas-delivery equipment

events (n = 72) 1982 1962-1991*
Other adverse respiratory

events (n = 1,058) 1983 1961-1993
Other claims (n = 2,661) 1984 1966-1994*

* P < 0.01 between the distribution of occurrence dates of gas-delivery equip-
ment events and other (nonrespiratory) claims.

cardiovascular depression produced by spilling liquid
inhalation agent into the breathing circuit.

Overall, 38 claims (53%) were considered preventable
if a pulse oximeter, capnograph, or a combination of
these two monitors had been used. Of note, there were
two claims in which human factor issues related to
judgment and attention negated the preventive value
of pulse oximetery or capnography. In the first case,
the pulse oximeter indicated the presence of hypox-
emia, but the anesthesiologist interpreted the low read-
ing as an artifact of probe position. In the second case,
the anesthesiologist forgot to resume ventilation after
separation from cardiopulmonary bypass. The delayed
detection of apnea was attributed to the fact that the
audible alarms for the pulse oximeter and capnograph
had been disabled during bypass and had not been reac-
tivated. Both patients sustained permanent brain dam-
age.

Payment for settlement or jury award was received in
76% of claims involving gas delivery equipment. The
median payment in these claims was $306,000 (range,
$542 to $6,337,000). This is comparable with the pay-
ment for other adverse respiratory events in the Closed
Claims database (median, $230,000; range, $390-
$6,300,000), but significantly higher than nonrespira-
tory events (median, $50,000; range, $15 - $23,000,000;
P < 0.01 between payment distributions).

Discussion

During the past two decades, large-scale surveys of
anesthetic outcome have identified gas delivery equip-
ment as a small but recurrent cause of serious injury.” "
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These studies attribute approximately 1-5% of anesthe-
sia-related death and brain damage to problems with
gas delivery equipment. The ASA Closed Claims Project
provides similar data, with gas delivery equipment ac-
counting for 3% of claims for death (34/1277) and 5%
of claims for brain damage (21/460).

Gas delivery equipment plays a prominent role in criti-
cal incident studies, often contributing to more than
20% of all reported events.”"""'” In contrast, claims in-
volving gas delivery equipment account for only 2%
(72/3791) of the overall ASA Closed Claims database.
This difference may result, at least in part, from a key
distinction between closed claims and critical incidents.
Almost all claims in the ASA Closed Claims database
(97%) involve an identifiable injury. Critical incidents
are events that have the potential to cause injury. Thus,
many critical incidents are detected and remedied be-
fore an identifiable injury occurs. For example, only

7% of critical incidents in Cooper’s 1978 study® had
more than a transient physiologic effect, and only 26%
of incidents in the recent Australian Incident Monitor-
ing Study®’ were associated with either a major physio-
logic change, morbidity, or death. From this perspec-
tive, it is not surprising that gas delivery equipment
accounts for a comparatively small proportion of claims
in the Closed Claims Project. A willingness (or reluc-
tance) to volunteer reports about certain types of criti-
cal incidents also may contribute to some of the ob-
served differences. Finally, gas delivery claims may be
underrepresented in the Closed Claims database be-
cause some equipment-related lawsuits may be filed
against manufacturers instead of anesthesiologists.

Gas delivery depends on the use of equipment with
multiple connections and moving parts. On this basis,
one might expect equipment failure to play a particu-
larly important role. Instead, the frequency of equip-
ment misuse was three times greater than equipment
failure (75% wvs. 24%). This is consistent with previous
studies,”"""'° which have emphasized the prominent
role of human error in equipmentrelated critical inci-
dents and adverse outcomes. In the present study, the
breathing circuit made the single largest contribution
to misuse of gas delivery equipment (26 of 54 claims
involving misuse, 48%; table 4). This is a notable finding,
particularly when one considers the physical simplicity
of the breathing circuit compared with the complexity
of ventilators, vaporizers, and anesthesia machines. Al-
most all adverse outcomes resulting from the breathing
circuit involved a misconnect or disconnect (25/28,
89%; table 5). This feature suggests that human factors
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associated with making and maintaining breathing cir-
cuit connections are a particularly appropriate target
for injury prevention. Two recent overviews suggest
that this problem may require focused educational ef-
forts and perhaps a fundamental re-evaluation of breath-
ing circuit design.*'**

Another distinctive feature of breathing circuit claims
was the observation that misconnects (14) were as prev-
alent as disconnects (11; table 5). This differs from criti-
cal incident studies in which disconnects usually out-
number misconnects by a factor of two or more.'® '®
Although the disparity may simply be a result of the
small number of cases, the finding may reflect a key
difference in the speed of evolution for high- and low-
pressure injuries of the airway. Misconnects typically
occur in an intact circuit, and thereby lead to high
airway pressure and the potential for pneumothorax.
If a pneumothorax ensues, especially in the setting of
mechanical ventilation, it may rapidly progress to a state
of severe cardiorespiratory depression or arrest. In con-
trast, disconnects produce partial or complete disrup-
tion of breathing circuit integrity and thereby lead to
low airway pressure. If circuit disruption is incomplete
or if the clinical setting is compatible with respiratory
reserve (i.e., high F1O, and a low or normal Pa, 0,), the
evolution of hypoxia and hypercapnia may be slow
enough to permit detection and correction of the prob-
lem before substantial injury occurs. We speculate that
the relative prominence of breathing circuit miscon-
nects in the ASA Closed Claims database reflects the
comparatively swift and poorly reversible cascade of
events that accompany high airway pressure. These ob-
servations underscore the importance of breathing cir-
cuit monitors that can issue prompt alarms for high-
and low-pressure conditions.

An interesting aspect of the present study was the
observation that ancillary personnel can make an im-
portant contribution to the anesthesiologist’s liability.
Misuse of equipment by technicians, engineers, nurses,
and respiratory therapists contributed to patient injury
in one fifth of all claims related to gas delivery equip-
ment (16 cases). Ancillary personnel played an espe-
cially prominent role in claims involving switches in
oxygen supply and the misuse of supplemental oxygen
tubing. These findings suggest a role for preventive
strategies and educational efforts that extend beyond
the boundaries of the operating room and intraopera-
tive anesthesia.

Inspection or “‘checkout’ of anesthesia apparatus of-
ten is cited as a practice that can reduce the likelihood
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of equipmentrelated injury.®'*"'**°% In the present
study, we were unable to make a formal evaluation of
such protocols because the claim files did not contain
enough detail to reliably assess the merits of specific
checkout procedures. From an informal perspective,
we can offer a potentially useful observation. Checkout
protocols typically entail four basic activities: verifica-
tion of back-up equipment and supplies (e.g., pressur-
ized gas cylinders); inspection of equipment configura-
tions (e.g., breathing circuit connections); inspection of
equipment mechanics (e.g., proper action of unidirec-
tional valves); and preparation of monitors (e.g., calibra-
tion, verification of function, and activation of alarms).
It is noteworthy that most adverse outcomes in the
present study were considered preventable with the
use or better use of monitors (56 of 72 claims, 78%).
Moreover, 9 of the 56 preventable outcomes (16%) oc-
curred in cases where the monitor was turned off or
broken. These features suggest that the effectiveness of
checkout protocols may be enhanced by emphasizing
the basic aspects of monitor selection and use.

The limitations of closed claims analysis have been
described in previous reports."** These limitations in-
clude the inability to provide numerical estimates of
risk (because of lack of denominator data), the absence
of rigorous comparison groups, a probable bias toward
adverse outcomes, and partial reliance on data from
direct participants rather than impartial observers. The
use of a large group of reviewers increases concerns
about interrater reliability, but tests of Closed Claims
reviewers have demonstrated statistically significant
agreement for basic aspects of clinical care.” It is im-
portant to remember that judgments of preventability
in this study are based on the assumption of optimal use
of monitors, the correct identification of all detectable
problems, and the timely implementation of appro-
priate remedies. Thus, the estimates given here should
be regarded as near-maximal or ideal values.

Two additional limitations of closed claims analysis
may affect the applicability of these findings to current
practice. The first limitation concerns the age of claims.
For rare events, long periods of data collection are nec-
essary because recurrent patterns of injury are difficult
to discern when the acquisition interval is short and
the number of available claims is small. Further, the
Closed Claims database cannot capture the most recent
claims because a 3- to S-year interval typically elapses
between the occurrence date of a claim and its actual
entry into the project database. This interval reflects
the process of claim assessment and resolution and the
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logistical tasks associated with scheduling reviews and
deploying reviewers to distant sites. The second limita-
tion concerns missing or unavailable information. This
second limitation occurs because data of potential inter-
est (such as equipment model numbers and dates of
manufacture) are sometimes absent in the claim file or
overlooked during the onsite review. Taken together,
these two limitations make it difficult to determine if
the basic patterns of injury observed in gas delivery
claims are relevant to the mix of equipment that is now
in clinical use. Although we cannot address this issue
in a rigorous manner, some insight can be gained by
examining the recent literature for letters and case re-
ports that describe problems associated with gas deliv-
ery equipment. A MedLine™ search of the anesthesiol-
ogy literature between January 1990 and December
1995, plus a Current Contents' search in 1996, yielded
10 English-language letters and case reports involving
the breathing circuit,” *" vaporizer,®"** ventilator,****
and anesthesia machine.”> The presence of these case
reports suggests that problems with gas delivery equip-
ment have not been completely resolved by the evolu-
tion of equipment design and the availability of newer
devices. From this perspective, some of the insights
available from closed claims analysis still may be applica-
ble to contemporary clinical practice and risk-manage-
ment efforts.

In summary, claims involving gas delivery equipment
represent a small fraction of the ASA Closed Claims
database. These claims are characterized by high sever-
ity of injury, high cost, and a prominent role for equip-
ment misuse. The breathing circuit represents the single
largest source of gas delivery equipment claims, and
almost all of these claims result from misconnects or
disconnects.
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