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Flash Sterilization: 
Carefully Measured Haste 

Ther nis no werkman, what-so-ever he be, 
that may bothe werke wel and hastily. 

The Merchant's Tale 
Chaucer (1395) 

Reliable sterilization of surgical gowns, linens and 
instruments, implanted devices and innumerable other 
items essential to medical care is one of the oldest and 
most basic measures for the prevention of nosocomial 
infection, dating back to the epochal studies of Pasteur 
and Koch over a century ago. Precise delineation of the 
temperature, pressure, and exposure times required for 
reliable killing of pathogenic microorganisms, including 
heat-resistant sporulating bacteria, by pressurized steam 
was one of the major early technologic achievements per
mitting institutions to carry out reprocessing and sterili
zation safely. 

In the early part of this century, microbiologists and 
clinicians began to seek further assurances of sterility of 
reprocessed items,1 beyond monitoring the temperature, 
pressure, and exposure time of the autoclave cycle, and 
suspensions of bacterial spores came into use as a biolog
ical means of monitoring steam sterilization.2'3 In the late 
1950s, commercially manufactured biological indicators, 
consisting of standardized preparations of Bacillus stearo-
thermophilus spores with defined heat-kill characteristics, 
began to be used in US hospitals. 

At present, biological indicators utilizing B stearother-
mophilus spores for heat sterilizers and Bacillus subtilis var 
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niger or var globigii spores for ethylene oxide sterilizers, 
are used by industry and all US hospitals for monitoring 
sterilization procedures. The Joint Commission on the 
Accreditation of Hospitals (JCAH),4 the Association for 
Advancement of Medical Instrumentation (AAMI),5"7 

the Association of Operating Room Nurses (AORN),8 and 
the Centers for Disease Control (CDC)9 recommend that 
all hospital steam autoclaves be monitored at least weekly 
with biological indicators; every load containing implant
able objects should be monitored with a spore test. Ethyl
ene oxide sterilizers should also be monitored at least 
weekly—the JCAH, AAMI, and AORN recommend 
monitoring every load; all ethylene oxide sterilizer loads 
containing implantables should be routinely monitored. 
The JCAH, AORN, and CDC further recommend that 
sterilizer loads containing implantables or intravascular 
devices be quarantined until the spore test has been 
reported as negative. 

It is important to recognize that the use of biological 
indicators does not guarantee sterility, but rather provides 
an additional mechanism for monitoring the sterilizer 
cycle, beyond the graphic temperature-pressure record 
and the physical-chemical indicators: a negative biolog
ical indicator test offers further assurance that the ster
ilizer temperature, pressure, (in the case of ethylene oxide 
sterilizers, ethylene oxide concentration and humidity), 
and exposure time were what was intended and as such, it 
can be inferred that there is a very high probability that all 
viable microorganisms contaminating items contained in 
the load were indeed killed. 

However, use of biological indicators adds to the costs of 
reprocessing and sterilization. Moreover, despite United 
States Pharmacopeia (USP)10 and AAMI11 standards for 
their manufacture, a number of reports have documented 
considerable variability in spore concentrations and par-
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ticularly, quantitative resistance to heat or ethylene oxide 
killing under defined conditions (D values) of different 
manufacturers' biological indicators.1 2 1 6 Clusters of 
false-positive spore tests have been traced to such vari
ability.17'18 A positive biological indicator test must 
prompt immediate evaluation of the sterilizer as well as 
consideration of whether to issue a recall of remaining 
items that had been contained in the load and begin 
follow-up of patients exposed to potentially contaminated 
items in the load. The expense of striving to retrieve and 
reprocess items mistakenly thought to have failed ster
ilization because of false-positive spore tests is obviously 
considerable. 

The margin for allowable error implicit in modern 
sterilization procedures is also sufficiently large that ster
ilizer malfunction, as should ideally be identified by an 
abnormal graphic sterilizer record and chemical indica
tor tests as well as a positive biological indicator test, is 
unlikely to result in failure of items contained in the load 
to be sterilized, especially if the microbial bioburden on 
reprocessed items has been reduced prior to sterilization 
by proper cleaning. As a consequence, nosocomial infec
tion, particularly bacterial infection traced to sterilization 
failure, has been exceedingly rare. Given all of these con
siderations, the value and particularly the cost-benefit of 
monitoring sterilization with biological indicators has 
been questioned in recent years.1921 Few hospitals in 
Great Britain and Europe routinely monitor steriliza
t ion.1 9 2 0 

But it must be recognized that sporulating bacteria and 
certain viral pathogens, such as the Jakob-Creutzfeldt 
agen t , 2 2 are highly resis tant to physical-chemical 
extremes and could conceivably survive suboptimal ster
ilizer cycles that should be identified by monitoring with 
biological indicators; iatrogenic Jakob-Creutzfeldt disease 
occurring decades later would be exceedingly difficult, if 
not impossible, to link conclusively to sterilization failure. 
Moreover, there have been reports, although very rare, of 
serious bacterial infections ascribed to failure of steriliza
tion procedures in a hospital.23-24 

Thus, whereas proper reprocessing, wrapping and 
loading of materials into the sterilizer and meticulous 
monitoring of the graphic record and chemical indicators 
continue to be of greatest importance for assuring reliable 
steri l ization of mater ials in the hospital,4"9 1 9"2 1 , 2 5 

monitoring with biological indicators can provide an 
additional quality control mechanism for detecting ster
ilizer malfunction or improper personnel practices, both 
with steam and ethylene oxide sterilizers. In a seven-year 
prospective study of the value of monitoring hospital 
sterilizers with commercial spore tests, we found that 1.7% 
of 7,034 steam loads and 1.2% of 5,282 ethylene oxide 
sterilizer loads showed a positive test; probable true ster
ilizer failure, most often due to identified sterilizer mal
function or personnel error, accounted for 87% of 
positive tests of steam autoclaves and 82% of positive tests 
with ethylene oxide sterilizers.26 

In the 1940s and 1950s, the desire for more rapid 
resterilization of instruments and other items used in 
surgery prompted studies by Underwood27 and Perk
ins28 that delineated parameters for high-speed steam 

sterilization (132°C [270°F] for three minutes). Initially 
designed for rapid reprocessing of dropped surgical 
instruments or special instruments in short supply, high
speed sterilization by the unwrapped method ("flash" 
sterilization) has come to be performed in most hospitals 
outside the central supply department in gravity-dis
placement autoclaves, as compared with the larger pre-
vacuum sterilizers used for conventional full-cycle steam 
sterilization (121°C [250°F] for 15 minutes) in central sup
ply departments. 

We believe that flash sterilization is overused in many 
US hospitals, most often for convenience, to compensate 
for inadequate inventories of critical instruments or 
implantables, or for failure to anticipate need. Many hos
pitals flash sterilize orthopedic, neurosurgical, and even 
cardiovascular implantables. 

Flash sterilization of implantable objects subjects these 
critical items, where failure of sterilization has a high 
probability of disastrous clinical consequences, to a form 
of heat sterilization with a lower margin of safety. More
over, immediate use of flash sterilized implantables pre
cludes the use of biological indicators and quarantine that 
allow a higher level of confidence that the item was truly 
subjected to the optimal conditions necessary for reliable 
sterilization. Flash sterilization of implantables should be 
assiduously avoided.59 

Common sense dictates that reprocessing, decon
tamination, and sterilization procedures be centralized as 
much as possible to ensure consistency and maximal 
quality control. Yet, flash sterilization in most clinical facil
ities is done outside the central supply department with 
its trained personnel: in the operating room, the labor-
delivery area, the emergency department, or in outpa
tient clinics. Moreover, flash sterilization is often used in 
health care facilities outside of hospitals, such as surgicen-
ters. In all of these settings, personnel with responsibility 
for sterilization procedures often have received little for
mal training in the proper use of the equipment and have 
little understanding of the fundamentals of steam ster
ilization. Record keeping is frequently scant, particularly 
with respect to items contained in each load, mainte
nance, and quality control monitoring. 

One of the most serious outbreaks of infection traced to 
sterilizer failure occurred in one hospital when failure of 
flash sterilization of implantable devices used for neuron 
surgical shunting procedures resulted in six cases of Pseu-
domonas aeruginosa meningitis or intraabdominal infec
tion.24 

It would seem that the use of biological indicators as an 
adjunctive means for monitoring sterilization would be of 
greatest importance with flash sterilizers. Little has been 
published, however, on the use of biological indicators in 
flash sterilization. Perkins et al2 9 were the first to point out 
that the standard commercial biological indicators used 
for monitoring full-cycle steam autoclaves (121°C [250°F] 
for 15 minutes) might be inadequate when used for 
monitoring high-speed (flash) sterilizers; a widely used 
self-contained indicator gave uniformly false-positive 
results when tested in a standard three-minute flash cycle 
(132°C [270° F]), whereas a paper spore-strip gave more 
reliable results. In contrast, Epstein et al encountered 
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frequent false-positive tests with the same spore-strip 
indicator when used for monitoring flash sterilizers in 
actual use.18 

Biological indicators specifically designed for monitor
ing flash sterilization are now available. Except for a small 
study by Tornello et al,30 which prompted complaints 
from several manufacturers,31 and an analysis of four 
indicator systems published by one of the manufac
turers,32 evaluations of commercial biological indicators 
designated for monitoring flash sterilizers have not been 
published. 

The report by Kotilainen and Gantz in this issue of 
Infection Control (pp 311-316) evaluates three commercial 
biological indicators, two specifically designated for 
monitoring flash sterilizers.33 The study was not a clinical 
evaluation, but rather an analysis of the performance 
characteristics (kill/survival ratios) of three marketed 
indicators under controlled conditions. Their analysis 
points out that one of the indicators may not be suffi
ciently resistant to heat killing to reliably detect conditions 
likely to result in flash sterilization failure, that one was 
technically difficult to use, and that the third was both 
easy to use and exhibited desirable performance charac
teristics. There was a considerable and surprising range 
in the concentration of B stearothermophilus spores in the 
three commercial systems tested. The major shortcoming 
of this study was the small number of samples tested in 
each group. Commercially produced indicators for flash 
sterilizers should ideally now be tested in parallel in actual 
clinical use in large trials to ascertain relative efficiency in 
detecting sterilization failure. 

These s tudies 3 0 , 3 2 3 3 point up the need for the develop
ment of standards for the manufacture of biological 
indicators designated for monitoring flash sterilizers, sim
ilar to the USP10 and AAMI11 standards guiding the 
manufacture of biological indicators for full-cycle steam 
sterilizers. 

AAMI has provided a valuable service by recently pub
lishing detailed recommendations for flash sterilization 
procedures in hospitals.7 Salient points from this report 
include the following (emphasis added): 

' "Steam sterilization by the unwrapped (flash) method is not 
recommended if time permits the use of the preferred, 
wrapped conventional method." 

• "The use of flash sterilization should be restricted to un
planned or emergency situations." 

• "Implantables should never be sterilized by the unwrapped 
method." 

• "It is critical that the equipment used for steam sterilization 
by the unwrapped method meet all the standards for other 
steam sterilizers used in health care facilities." 

• "Ideally, the decontamination/preparation areas should 
be physically separated from the sterilization area by 
means of partitions or walls. Spatial separation may 
be satisfactory, however, if compensated for by good 
work flow patterns, air flow characteristics, and work 
practices." 

• "All preparation and sterilization of items by the 
unwrapped method must be performed under com
petent supervision." 

• "Personnel responsible for steam sterilization by the flash 
method must have demonstrated comprehensive knowledge 
and competence in all aspects of steam sterilization." 

• Instruments that have been soiled must be carefully 
cleaned prior to resterilization. 

• "To achieve sterility, high-temperature saturated 
steam must come into direct contact with all surfaces 
of all items." Items must be properly loaded on per
forated or mesh-bottom trays. 

• The recommended minimum exposure time and tem
perature for nonporous loads, such as those con
taining metal instruments only, both for gravity-dis
placement sterilizers and prevacuum sterilizers, is 
three minutes at or above 132°C (270°F). The recom
mended minimums when porous items are in the 
load (eg, linens, rubber or plastic items, items with 
lumens) are at least ten minutes at or above 132°C 
(270°F) for gravity-displacement sterilizers and at 
least four minutes at or above 132°C (270°F) for pre
vacuum sterilizers. Sterilization of special instru
ments and devices may require different exposure 
times; the manufacturers' instructions should be fol
lowed. 

• "Since the sterilized items will not be protected by 
packaging after sterilization, special care must be 
taken to avoid contamination. The sterilization area 
should be located immediately1 adjacent to, or be a 
part of, the area where the items will be used in 
patient care." 

• Flash sterilizers deserve the same quality care and 
maintenance given to conventional full-cycle steam 
sterilizers used in central supply departments, and 
must be inspected and cleaned in accordance with 
the manufacturers' written instructions. Pressure 
and temperature gauges, timers, and controls should 
be periodically calibrated, and accurate and com
plete maintenance records kept for each sterilizer. 

Quality control, including careful records for each 
sterilizer load, and the results of biologic monitoring 
as well as the results of Bowie-Dick-type testing 
should be documented and recorded for each ster
ilizer. 

• At the end of each cycle, the operator must examine 
the time/temperature chart to verify that the correct 
temperature has been attained and maintained for 
the correct exposure time. 

• "A chemical indicator should be used in each tray or 
container being processed." 

• "A biologic-indicator test should be used to check each 
sterilizer at least once a week." 

• "Only biological indicators which have been specifically 
validated for monitoring 'flash sterilization' should be 
selected for this purpose." 

• "One or more biological indicators and a chemical 
indicator should be placed in a perforated or mesh-
bottom surgical tray of appropriate size for the ster
ilizer to be tested. The test tray is placed on the 
bottom shelf of an otherwise empty sterilizer. One 
additional indicator from the lot used for testing 
should be left unexposed to the sterilant, incubated 
and treated as a positive control." 
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• A positive biological indicator test should be 
assumed to be a "true" positive until proven other
wise, and should mandate immediate retesting of the 
same sterilizer with biological indicators. "Until the 
results of retesting are satisfactory, other quality con
trol information, including historical data on ster
ilizer performance, should be reexamined and a 
decision made on whether to quarantine the ster
ilizer." 

Haste and hurry are very different things. 
Letters 
Lord C h e s t e r t o n (1777) 
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