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Medical application: Nitrous oxide exerts its deleterious effects by interfering with enzyme activity.  Nitrous oxide inactivates the enzyme methionine synthase by oxidizing an essential component to its function, vitamin B12 cofactor (Eger, 1991).  Methionine synthase has an important role in producing methionine (an essential amino acid), tetrahydrofolate and thymidine monophospate.  Any decrease in the quantity of these substances can impair deoxyribonucleic acid (DNA) synthesis (Eger, 1991; Yagiela, 1991).  This impairment may lead to serious health complications in the provider exposed to chronic nitrous oxide levels, such as spontaneous abortions, congenital malformations, and infertility (Buring, Hennekens, Mayrent, Rosner, Greenburg, and Colton, 1985; Sass-Kortsak, Purdham, Bozek, and Murphy, 1992; Sessler, 1997).  The gravity of these possible effects prompted the National Institute of Occupational Safety and Health (NIOSH) to establish a recommended exposure limit to nitrous oxide of 25 parts per million (ppm) as a time-weighted average (TWA). By adequately controlling exposure to nitrous oxide, exposure to other anesthetic inhalation agents will also be controlled.  Research suggests that occupational exposure to waste anesthetic gases may induce weakening of the immune system and may possibly prolong the inflammatory response in health care providers, even if exposure is below the recommended levels (Bargellini, Rovesti, Barbieri, Vivoli, Roncaglia, Righi, et al., 2001; Goto, Gallagher, Fanning, Wang, McCusker, Redmond, et al., 2000).  Impairment of neurobehavioral effects, such as slower reaction times, may also result from occupational exposure to waste anesthetic gases (Lucchini, Placidi, Toffoletto, and Alessio, 1996).  Minimizing waste anesthetic gas in the operating room will promote the safety and practice of all operating room personnel.

Background/Status:  Please state in layman’s terms the basic concepts pertaining to the area of your interest. State what has been accomplished or published in the proposed area of study, giving details from pertinent articles with numbered references. Describe the way in which the protocol will relate to, differ from, or add to, that which has been published. You MUST reference your statements to the articles in the references section that follows. Refer to the Medical Librarian (968-0118) for assistance in medical literature searches.

Background/Status: There are many new airway adjuncts to assist anesthetists in providing the safest level of care.  Due to the invasiveness of many new airway devices, significant benefit of their use must be demonstrated.  One such advantage may be limitation of operating room pollution as trace concentrations of waste anesthetic gases have been implicated as a cause of various health effects in operating room personnel for many years.  This literature review will explore the hazards of waste anesthetic gases and the various delivery devices.  The following topics will be addressed in detail:  (a) the hazards of waste anesthetic gases, (b) face mask, (c) laryngeal mask airway, (d) laryngeal tube, and (e) combined studies comparing leakage among the face mask, laryngeal mask airway, and laryngeal tube.

Standards of Waste Gas Leakage

Several retrospective studies have linked chronic nitrous oxide exposure to spontaneous abortions, congenital malformations, and infertility (Buring, Hennekens, Mayrent, Rosner, Greenburg, and Colton, 1985; Sass-Kortsak, Purdham, Bozek, and Murphy, 1992; Sessler, 1997). The gravity of these possible health risks for operating room personnel prompted the National Institute of Occupational Safety and Health (NIOSH) to establish a recommended exposure limit to nitrous oxide of 25 parts per million (ppm) as a time-weighted average (TWA) and an recommended exposure limit to halogenated anesthetics, administered without nitrous oxide, of 2 ppm (NIOSH, 1977b).  NIOSH further mandated that when halogenated anesthetics are co-administered with nitrous oxide, their concentration should be limited to 0.5 ppm (NIOSH, 1977b).  These standards are based on the controversial results of several retrospective studies, rather than being based on prospective, sufficiently powered research.  
Agencies other than NIOSH have also recommended maximum exposure limits to various anesthetic agents.  The American Conference of Governmental Industrial Hygiene (ACGIH) recommends a threshold limit volume of 50 ppm for nitrous oxide and halothane as a time-weighted average.  The Occupational Safety and Health Administration (OSHA) requires that work practices and engineering controls must be implemented to control waste anesthetic gas and limits nitrous oxide exposure to 25 ppm (ACGIH, 1987).

Currently, systems are in place at most health care facilities to limit waste anesthetic gas, but adherence to government standards continues to be problematic.  Kanmura, Sakai, Heiji, and Shirao (1999) found 25.9% of 402 cases under general anesthesia detected abnormally high concentrations of nitrous oxide (>50 ppm).   Causes of waste anesthetic gas included mask ventilation, unconnected scavenging systems, and leaks around uncuffed pediatric endotracheal tubes.  Schuyt and Verberk (1996) evaluated measures on reducing waste anesthetic gas.  In a study consisting of 30 operating rooms in seven hospitals, initial measurement of nitrous oxide contamination was compared to values obtained after hygienic measures were implemented.   Hygienic measures included a check of anesthesia apparatus, use of a double mask, training of anesthesia personnel on the double mask, and improvement of ventilation.  Reevaluation supported that the concentration during anesthesia with intubated patients decreased from 61–90 ppm to 2–15 ppm while anesthesia provided with a facemask to children decreased from 134-764 ppm to 9-42 ppm.  A significant limitation to this study is that all the hygienic measures were implemented simultaneously and it is unclear which measure had the greatest impact on the reduction of waste nitrous oxide.  

Many different anesthetic inhalation agents contribute to pollution of the operating room.  One of the most widely used inhalation agents is nitrous oxide.  However, a detailed knowledge of the possible deleterious effects of chronic nitrous oxide exposure is scarce.  The search for strong empirical evidence has stimulated much research in insects, rodents, and humans to determine the consequences of occupational exposure to nitrous oxide.

Hazards of Nitrous Oxide


Since its discovery in 1772 by Joseph Priestly, nitrous oxide has been a widely used anesthetic agent.  Today, nitrous oxide is most commonly administered in conjunction with other inhalation anesthetics, such as sevoflurane or isoflurane (Layzell, 2000).  Due to the number of retrospective studies suggesting a possible link between chronic nitrous oxide exposure and infertility, current, prospective studies have been searching for the biological basis of this phenomenon using insect and animal models (Occupational disease among operating room personnel, 1974; Buring et al., 1985; Knill-Jones, Rodrigues, Moir, and Spence, 1972; Rowland, Baird, Shore, Weinberg, Savitz, and Wilcox, 1995, Saurel-Cubizolles, Hays, and Estryn-Behar, 1994).


Kundomal and Baden (1985) assessed the toxic and teratogenic effects of nitrous oxide and 4 additional inhaled anesthetics (Fluroxene, Enflurane, Halothane, Isoflurane) using fruit fly (Drosophilae melanogaster) eggs.  Following the mating of 10 adult male and female virgin fruit flies, the Drosophilae eggs were continuously exposed to varying concentrations of the anesthetic agents.  Recorded data included the time of hatching, number of adult flies produced, and the physical characteristics of the adult flies.  Nitrous oxide did not significantly lengthen the duration of metamorphosis or significantly reduce the number of flies produced.  Conversely, the additional 4 inhaled anesthetics produced a dose-dependent increase in the duration of metamorphosis and decrease in the number of flies hatched.  No morphological abnormalities were noted in any of the flies hatched.  Although the concentrations of anesthetics administered was far below the normal level of clinical use (20% to 40% N20), the atmospheric concentration was 100 to 1000 times greater than the atmospheric concentrations commonly seen in scavenged operating rooms.  These results suggest that nitrous oxide and other inhaled anesthetics administered have little potential of causing teratogenic effects, which contrasts sharply to the findings of several rodent studies.


Fujinaga, Mazze, Baden, Fantel, and Shepard (1988) examined the direct effects of nitrous oxide on 100 developing Sprague-Dawley rat embryos in an in vitro study.  The embryos were excised from the rats on the 10th day of pregnancy and placed in a single glass bottle in groups of 10-15 embryos. Bottles were randomly flushed with either an air mixture (control) or a mixture of 75% N2O, 20% O2, and 5% CO2. After an average of twenty-two hours of incubation, the embryos were dissected. There were no differences in crown rump length, number of somites, and limb bud index between control and nitrous oxide treated embryos.  In contrast, the mean DNA content was 20.5% lower (P<0.001) in the nitrous oxide treated embryos than in controls.  Additionally, seven embryos out of the 54 exposed to nitrous oxide exhibited physical abnormalities (kinked tails and head malformations) while the control group embryos did not exhibit any physical abnormalities.   These findings suggest that part of the teratogenic effects produced by nitrous oxide exposure occurs without influence of maternal physiology or other potent inhalation agents. 

Since nitrous oxide is commonly administered in combination with a potent volatile inhalation agent, Fujinaga, Baden, Yhap, and Mazze (1987) devised a rodent study whereby pregnant Sprague-Dawley rats were exposed to either air, 0.35% isoflurane, 50% nitrous oxide, or 50% nitrous oxide plus 0.35% isoflurane for 24 hours on the 8th day of pregnancy.  On day twenty of pregnancy, cesarean sections were performed and the number and position of live and dead fetuses, resorptions, and implantations recorded. Each fetus was also evaluated for presence of external abnormalities.  Only the 50% nitrous oxide group had significantly higher incidences of early resorptions (a defined implantation site without identifiable fetal parts), late resorptions (a defined implantation site with identifiable fetal parts), and visceral abnormalities.  Both the 50% nitrous oxide group and the combined treatment group had significantly higher incidences of skeletal abnormalities compared with the control group.  This study is strengthened by the exclusion of many confounding variables, such as starvation, restrainment during gas exposure, and shipping dams while pregnant.  Results of this study suggest that high concentrations of nitrous oxide (50%) produce adverse reproductive effects, but low concentrations (35%) do not.  Similarly, Mazze, Fujinaga, and Baden (1987) found adverse reproductive effects when 50% nitrous oxide was administered with 500 mcg/kg/day of fentanyl to Sprague-Dawley rats, but did not find any evidence of reproductive abnormalities with the administration of 35% nitrous oxide combined with equal doses of fentanyl.


Few rodent studies have evaluated the behavioral effects of exposure to nitrous oxide.  

Rice (1990) randomly assigned pregnant Swiss-Webster mice to one of four exposure groups:  room air, 5% nitrous oxide, 15% nitrous oxide, or 35% nitrous oxide.  Mice were exposed for 4 hours per day on days 6 through 15 of pregnancy in their home cages and ten litters per exposure group were examined.  Reproductive indices, postnatal survival, developmental milestones, or ability to perform on a rotating rod were not significantly affected by nitrous oxide exposure.  Conversely, on postnatal day 60 the nitrous oxide groups began to demonstrate decreased reactivity of the startle reflex to acoustic or tactile stimuli, with these decreases in reactivity becoming statistically significant on postnatal day 95.  Fung, Brown, and Sullivan (1993) exposed male Swiss mice to nitrous oxide for eight hours per day, for eight consecutive days.  Their findings supported a dose-dependent decrease in stereotypical behavior (horizontal activities, rooting and grooming behaviors associated with normal daily activity) when exposed to N2O, suggesting that nitrous oxide depresses dopaminergic activity in the mesolimbic and nigrostriatal pathways.  Two exposure levels of nitrous oxide (1000 ppm and 2000 ppm) limits this study since these levels greatly exceed waste nitrous oxide concentrations in operating rooms.  Similarly, Tassinari, Mullenix, and Moore (1986) observed reduced reflexes in female Sprague-Dawley rats exposed to 75% N2O / 25% O2 during middle and late gestation.  While the result of animal studies cannot be directly correlated to humans, they do provide insight and direction on how to hypothesize effects of chronic waste gas exposure on humans. 


Using a questionnaire, Knill-Jones et al. (1972) surveyed 563 women anesthetists and 828 physician control subjects regarding their obstetric history.  Questions were asked about age, marital status, live births, sex of the child, maturity, and nature of any congenital abnormalities.  The questionnaire also sought information on spontaneous abortion, including the length of pregnancy and possible cause.  Anesthetists working during pregnancy had significantly higher spontaneous abortion rate (18.2%) as compared to control group (14.7%, p<0.05) and experienced involuntary infertility (12%) twice as frequently as controls.  With regard to congenital abnormalities, babies born to anesthetists working in the first and second trimesters had 6.5% higher incidence of abnormalities compared to babies born to anesthetists not working.  However, the congenital abnormality rate was not significantly greater than the control group.  Buring et al. (1985) and Saurel-Cubizolles et al. (1994) further support these findings by suggesting that the rate of spontaneous abortion was significantly higher for pregnancies in which women were exposed to operating room pollution. A significant limitation of these studies is the lack of control of other extraneous variables that may have contributed to spontaneous abortion (Buring et al., 1985; Knill-Jones, 1972; Saurel-Cubizolles, 1994).


A retrospective survey of 1805 dental assistants suggested that spontaneous abortions occur at a higher rate in pregnant women exposed to nitrous oxide for at least three hours compared to non-exposed women (Roland, Baird, Shore, Weinberg, Savitz, and Wilcox, 1995).  To control for extraneous variables, the participants were asked to report other personal data that may have contributed to spontaneous abortion such as birth date, smoking history, work history, infertility, acquired immune deficiency syndrome and hepatitis B.  Further, the researchers considered other factors that have been limitations in past studies such as:  number of hours worked, number of hours exposed to nitrous oxide, and method of scavenging waste nitrous oxide gas.  Participants were classified into four categories: unexposed, exposed to unscavenged nitrous oxide, exposed to scavenged nitrous oxide, and exposed to unknown amounts of nitrous oxide.  Exposure time was classified as greater than three hours of exposure per week and less than three hours of exposure per week.  Data suggested that women exposed to nitrous oxide greater than three hours per week had a 16.6% greater spontaneous abortion rate compared to women exposed to less than three hours.  There was no difference in spontaneous abortion rate between non-exposed subjects and those exposed to nitrous oxide for less than three hours per week.  Although the results of retrospective studies are suggestive of deleterious consequences of chronic exposure to waste anesthetic gas, these studies are subject to bias as well as design limitations and thus biologic evidence is needed.


Recent human studies have evaluated the genetic effects of exposure to waste anesthetic gases by using more sensitive methods than those used by restrospective studies.  A sensitive method of evaluating genotoxicity is to count the number of exchanges between two chromatids of a chromosome of cultured human lymphocytes.  An increased number of sister chromatid exchanges reflects the influence of mutagens (Hoerauf, Lierz, Wiesner, Schroegendorfer, Lierz, Spacek et al., 1999).  Hoerauf and Lierz et al. (1999) assessed the frequency of sister chromatid exchanges associated with measured concentrations of waste nitrous oxide and isoflurane.  The Bruel and Kjaer 1301, a direct reading instrument, measured waste anesthetic gases every minute in the breathing zone of the surgeon.  These measurements were taken in a standard operating room with an air volume of 130 m3 accompanied by a laminar flow system, producing air exchange rate of 17 turnovers per hour.  The exhaust outlets of the anesthesia machines were connected to the hospitals central scavenging system with a suction flow of 45 liters per minute.  The nitrous oxide levels were within the NIOSH standard 92% of the measured time and the isoflurane levels were within the NIOSH standard 86% of the measured time.  The investigators further explored the genetic effects of non-smokers exposed to the obtained waste gas concentrations and compared these findings to unexposed non-smokers.  Data indicated operating room personnel exposed to 12.8 ppm of nitrous oxide and 5.3 ppm of isoflurane had significantly higher frequency of sister chromatid exchanges (10.2) compared to unexposed subjects (7.4, p=0.036).  This study is limited by small sample size (n=20) and the inability to distinguish the potential toxic effects between nitrous oxide and isoflurane.  Similarly, Hoerauf and Wiesner et al. (1999) used a larger sample (n=54) of hospital room personnel exposed to 11.8 ppm of nitrous oxide and 0.5 ppm isoflurane and suggested that sister chromatid exchange frequency was significantly increased in exposed subjects compared to unexposed subjects.  

In contrast, a study consisting of 32 non-smokers indicated that sister chromatid exchanges were greater for subjects exposed to anesthetic gases, but the difference was not statistically significant (Bozkurt, Memis, Karabogaz, Pamukcus, Ture, Karamanlioglue, et al., 2002).  This study did not quantify the concentration of waste gases that subjects were exposed to.  Exposed subjects were defined as anesthetists working full-time in an operating room for a minimum of two months before data collection.  The findings of Bozkurt et al. (2002) suggest that personnel exposed to clinically relevant levels of waste anesthetic gases may not be at increased risk of genetic damage.

Research studies using insect models did not produce significant findings relevant to the concern for potential health risks of chronic exposure to waste anesthetic gases.  Conversely, the studies in rodent and human models do support the potential hazards of chronic exposure to waste anesthetic gases.  Human and rodent studies supported that chronic exposure to nitrous oxide does impair DNA synthesis and may lead to spontaneous abortion.  More research is needed in this area due to the retrospective nature and small sample sizes of selected studies. 

Health care facilities have identified possible sources of operating room pollution and have implemented measures to decrease waste anesthetic gas exposure.  To overcome the level of waste nitrous oxide, anesthesia machines are equipped with waste gas scavenging systems and operating room air is frequently exchanged and regulated. However, nitrous oxide leakage from other sources, such as from the patient’s oropharynx, contributes significant amounts of waste nitrous oxide in the operating room (Shortridge-McCauley, 1995).  According to a study by Kanmura et al. (1999), the most common cause of increased concentration of nitrous oxide in the operating room is leaks associated with facemask.

Facemask

Maintenance of the airway by mask is a common technique used in anesthesia practice.  The facemask provides a noninvasive means of supporting oxygenation and providing anesthesia with potent inhalation agents.  Thomas Skinner designed the first facemask out of wire in 1846 (Kloster, Lambert and Ragosta, 1999).  This mask was used to provide open-drop anesthesia via soaked gauzes of ether.  In the same year, William T. G. Morton invented the ether inhaler, which was a globe made out of blown gas, stuffed with sponges.  Ether was poured into the globe and the patient would inhale the ether through a wooden pipe (Kloster et al., 1999).  Today, a variety of facemasks made from poly-vinyl chloride (PVC) have revolutionized the delivery of anesthesia by facemask.  A significant limitation of the facemask is that it does not provide aspiration protection and cannot be used to provide anesthesia to patients at increased risk for aspiration. 

Weiss (1950) performed a retrospective study suggesting that using a facemask instead of an endotracheal tube to provide anesthesia caused increased stomach pressures, which lead to a higher incidence of aspiration.  The investigation revealed that in a series of 112 major surgical operations, 29 cases resulted in regurgitation of gastric contents.  Of the 29 cases, 35.7% were cases done with facemask as compared to only 23.4% with endotracheal tube.  Out of the 29 cases of regurgitation, 76% of those resulted in aspiration of gastric contents into the lungs.  Surgical procedures that resulted in high stomach pressures (in order of most likely to least) included upper abdominal, lower abdominal, lateral positioning, prone positioning and lateral thoracic.  However, as long as the proper patient and surgical case is considered in the decision to deliver anesthesia by facemask, anesthesia delivery by facemask is the standard of care. Aspiration risk is not the sole limitation in utilizing the facemask as an anesthesia delivery device; waste anesthetic gas leakage is also implicated as a risk factor with facemask anesthesia.

Chang, Kau and Hseu (1997) compared five techniques of delivering routine anesthesia to children: 1) facemask general anesthesia, 2) facemask induction followed by cuffed-endotracheal intubation, 3) intravenous induction followed by cuffed-endotracheal intubation, 4) intravenous induction followed by uncuffed-endotracheal intubation, and 5) facemask general anesthesia with modified ventilation hood. Chang et al. (1997) measured nitrous oxide in the anesthesia provider’s breathing space during 12 mask anesthesia cases, they found that the average mean time weighted concentrations of nitrous oxide was 85 +/- 48.4 (mean +/- the standard deviation).  Breathing space was operationally defined as 1.2 m above ground level, within 30 cm of the anesthesia provider’s face. The widest range of N20 concentrations (219 to 3929 ppm) occurred during induction of general anesthesia using the facemask technique.   Chang and colleagues (1997) concluded that waste gas leakage is greatest when using only the facemask to provide general anesthesia. 

Similarly, Kanmura, Sakai, Yoshinaka, and Shirao (1999) found that operating room waste anesthetic gas contamination was largely the result of leaks around the facemask. This study compared leakage from mask ventilation, scavenging systems, uncuffed endotracheal tubes, equipment, and position changes of the patient during bronchoscopy procedures.  The operating room air was aspirated continuously at 40 L/min by an infrared spectrophotometer. When concentrations exceeded 50 ppm, the supervisory staff sought the cause first by inspection and then by the use of a portable Miran 103 Analyzer.  After the cause was found, the error was immediately corrected.  The data suggested the facemask contributed the most to operating room pollution when compared to the other independent variables, totaling 40.4% (42 cases) of all leaks, twice as much as caused by scavenging system 19.2% (20 cases). However, measurement of the anesthesia providers’ exposure to WAG does not account for exposure of other members of the operating room staff.
Pollution of the operating room places every member of the operating room team at risk for waste anesthetic gas exposure.  Hoerauf, Funk, Harth and Hobbhahn (1997) compared WAG exposure of the circulating nurse to that of the anesthesia provider.  During the mask induction of pediatric patients with sevoflurane in a nitrous oxide/oxygen mixture, the anesthetist was exposed to 95.2 ppm, and the circulating nurse was exposed to 42.5 ppm (p<0.05).  Further, when halothane was used as the volatile agent, exposures were greater for the circulating nurse (95.2 ppm) and for the anesthetist (140.2 ppm), p <0.05.  

In an effort to measure the extent of exposure to WAG of surgeons, anesthesiologists, and anesthetists, nitrous oxide levels were continuously monitored in 3 different operating rooms over 18 days (Kant, Van Rijssen-Moll and Borm, 1990).  The concentration of nitrous oxide was measured in 4 zones, specifically:  Zone 1 at the corners of the operating room where the circulating nurse worked, Zone 2 at the head of the bed near the anesthetist, Zone 3 at the surgical table near the surgeon, and Zone 4, outside the operating room.  The Miran-1 analyzer measured each zone and urine samples were obtained from members of the operating room staff before and after work.  The zone with the highest average concentration on N20 was zone 2 - the anesthesia provider and assistants work area. Based on their findings, Kant and colleagues (1990) implemented several measures (technical improvements of the anesthetic equipment and consistent use of facemasks with scavenging) to reduce N20 waste anesthetic gas. Measurements were then repeated 1 year later, facemask with scavenging was able to reduce the N20 waste anesthetic gas concentration down to 29.3 ppm from 99.6 ppm, but still remained the highest source of N20 waste anesthetic gas.   

While the facemask has been safely utilized in the delivery of general anesthesia for many years, possible detriments to its use include eye or nerve injuries and lack of airway control.  An alternative to the facemask is the laryngeal mask airway (LMA), an airway device which decreases the risk of eye or nerve injuries, provides greater airway control, and frees the anesthetist’s hands for other tasks (Ho-Tai, Devitt, Noel, and O’Donnell, 1998).

Laryngeal Mask Airway

The laryngeal mask airway (LMA) was conceived, designed and tested on humans by Dr. Archie Brain in the United Kingdom in 1981 and approved for use in the United States in 1996 (Brain, Denman, and Goudsouzian, 1998).  Since that time, the LMA has become an established part of routine and emergency airway management.  There are five different types of LMA: 1) LMA-Proseal, 2) LMA-Unique, 3) LMA-Classic, 4) LMA-Flexible, and 5) LMA-Fastrach. This study will utilize the LMA-Classic.


The LMA-Classic is a reusable device (recommended maximum usage of forty times), made primarily of medical grade silicone rubber, and is entirely latex-free (Maltby and Watson, 1990).  This airway device consists of three main components: an airway tube, mask, and mask inflation line.  The airway tube is a large-bore tube with 15 mm standard male adaptor.  The other end is fitted with a specially shaped cuff that is inflated and deflated via a valve on the end of the inflation line.  The LMA conforms to the contours of the hypopharynx with its lumen facing the laryngeal opening and is designed to be a minimally stimulating and invasive device (Brain, 1983; Brain, Denman, and Goudsouzian, 1998).


The LMA-Classic has been found to reliably secure the upper airway when correctly deflated before insertion, protective reflexes are sufficiently depressed, and the user has acquired the necessary skill to insert the LMA (Lopez-Gil, Brimacombe, and Alvarez, 1996).  Greenberg, Brimacomb, Berry, Gouz, Piantadosi, and Dake (1998) compared ease of insertion between the LMA and cuffed oropharyngeal airway (COPA) in 453 spontaneously breathing patients.  The LMA was associated with a higher first time placement rate (89%), compared to the COPA (81% P </= 0.05) and faster establishment of an effective airway (median time to achieve an effective airway with the LMA was 106 seconds compared to 150 seconds with the COPA (P = 0.004)).  Whereas manual support was required to establish an effective airway in 29 of 302 (9.6%) utilizing the COPA, in contrast, manual support was required in only 1 of 150 (0.66%) patients with the LMA (P < 0.001). The ease of insertion was subjectively evaluated by the anesthetists as similar between the two devices (P = 0.26), but airway quality (P < 0.001), sizing technique (P < 0.001), ease of attachment of the airway device (P < 0.001), and overall usefulness (P < 0.001) were determined to be better with the LMA than with the COPA.  

The LMA-Classic has been associated with ease of insertion with minimal practice.  Lopez-Gil et al. (1996) investigated ease of insertion by examining the effects of repeated use of the device.  They found that the average insertion problem rate per patient could be reduced from 62% to 2% within 75 LMA placements. These results parallel those of Maltby et al. (1990), in which a clear airway was obtained 95% of the time when the device was first introduced as compared with greater than 99% after the device has been widely (greater than 3 successful placement) used. These findings suggest that the ease and simplicity of placement permits novice anesthesia providers to quickly become proficient with insertion of the device.  While ease of insertion is a significant advantage of the LMA, its safety and benefits during the maintenance phase of anesthesia must also be demonstrated.


The following studies support that the LMA can be safely utilized during spontaneous and controlled (positive-pressure) ventilation.  Broderick, Webster, and Nunn (1989) studied the LMA in 100 spontaneously breathing patients and found that an unobstructed airway was obtained in 98% of patients and the patency of the airway did not deteriorate during the course of the anesthetic.  Airway patency was assessed on the basis of three criteria:  1) the absence of extraneous airway sounds; 2) the presence of a normal pattern of excursion of the reservoir bag; and 3) the absence of any out-of-phase respiratory movements of the chest and abdomen.  

With regard to ventilated patients, Devitt, Wenstone, Noel and O’Donnell (1994) investigated the use of the LMA in 48 positive-pressure ventilated patients.  Leak was calculated by subtracting the expiratory from the inspiratory volume and expressed as a fraction of the inspiratory volume.  The investigators noted that the leak fractions for positive pressure ventilation with the LMA were consistently greater than those measured for endotracheal tube ventilation at similar ventilation pressures.  Leak fraction with the laryngeal mask increased with increasing airway pressures, whereas leak with tracheal tube ventilation remained unchanged.   Frequency of gastroesophageal insufflation with the LMA as a measure of gas leakage, ranged from 2.1% at a ventilation pressure of 15 cm H2O to 35.4% at 30 cm H2O that is consistent with the manufacturer’s recommendation as well as recent studies (Brain et al., 1998; Broderick et al., 1989). Results of this study suggest that the LMA can be satisfactorily used for both positive-pressure and intermittent positive-pressure ventilation in patients who do not require high inflation pressures to produce normal tidal volumes, however, the LMA should not be used with positive pressure ventilation in patients with increased in peak airway pressure 

The LMA instruction manual recommends peak airway pressures to be maintained at less than 20 cm H2O (Brain et al., 1998).  Since gas leakage and insufflation are dependent on peak airway pressures, the following study demonstrates support for this recommendation.  Weiler, Latorre, Eberle, Goedecke, and Heinrichs (1997), examined the quantity of gas leakage and gastric insufflation in 30 patients using the LMA.  Respiratory flow and airway pressures between the LMA connector and the Y-piece of the breathing circuit were recorded using a pneumotachograph and two differential-pressure transducers (range 0 +/-15 cm H2O, 0 +/- 150 cm H2O).  Entry of air into the stomach was detected using an epigastric microphone developed by the researchers; its design and validation are described in a previous publication.  The device was able to detect as little as 2 ml of air entering the stomach. Gastric insufflation occurred in 27% of the patients at inspiratory pressures between 19 and 33 cm H2O and gas leakage of more than 10% was evident at inspiratory pressures between 25 and 34 cm H2O.  The findings supports the recommendation by the manufacturer that maintenance of less than 20 cm H2O is needed to minimize gastric insufflation and gas leakage.

Minimal gas leakage from anesthetic airway delivery devices may significantly reduce pollution of the operating room.  Sarma and Leman (1990) explored the effectiveness of the LMA in attenuating operating room anesthetic gas contamination.  Nitrous oxide levels were continuously measured from the breathing zone of the anesthetist during laryngeal mask anesthesia in seven healthy, adult patients (ASA I and II) with a Miran 1A infrared gas analyzer.  The sampling hose was attached 0.3 m behind and above the patient’s head, a point considered to be within the anesthetist’s breathing zone.  All patients breathed spontaneously during the anesthetic.  For maintenance of general anesthesia, the fresh gas flows were 5 L/min 70% nitrous oxide (N2O) in oxygen (O2) and Halothane through a circle system with soda lime absorber.  The investigators concluded that the LMA resulted in minimal operating room pollution during spontaneous ventilation and is comparable to values obtained after tracheal intubation.  The data also indicated higher levels of N2O were obtained during periods of positive-pressure ventilation, suggesting that mode of ventilation may influence the amount of waste gas leakage. 

Lambert-Jensen, Christensen, and Brynnum (1992) studied the LMA’s effectiveness at providing a gas tight seal in spontaneous and controlled ventilated patients.  The leakage of anesthetic gases to the anesthetist’s breathing zone was monitored using a Bruel and Kjaer Multi Gas Monitor, Type 1302 during 50 general anesthetics employing either spontaneous (n = 24) or controlled (n = 26) ventilation.  Breathing zone was defined as 0.3 m behind and 0.3 m above the patient’s head.  Data suggested no statistically significant association between the amount of anesthetic gas leakage and ventilation mode.  Lambert-Jensen and colleagues (1992) concluded that the LMA meets occupational safety requirements on N2O concentrations in the operating room environment.  Both studies by Sarma and Leman (1990) and Lambert-Jensen et al. (1992) assert the LMA is a safe device to utilize in a variety of ventilation modes and settings.

The LMA is indicated for use as alternative to the facemask for achieving and maintaining control of the airway during routine and emergency anesthetic procedures.   It may be used in spontaneously breathing patients or under controlled ventilation.  In addition, the LMA-Classic is indicated in known or unexpected difficult airway situation and as a method of establishing a clear airway during resuscitation in Advanced Cardiac Life Support (ACLS) (Verghese and Brimacombe, 1996). Although data has supported the use of the LMA as a safe device in emergency airway control, the risk of aspiration continues to be a limiting feature.  

Laryngeal Tube


Aspiration protection may be a significant advantage of the laryngeal tube.  The laryngeal tube is a supraglottic airway device consisting of a ventilation port between oropharyngeal and esophageal low-pressure cuffs (Dorges, Hartmut, and Schmucker, 2000).  The esophageal tube seals the airway distally, preventing aspiration and ventilation of the stomach, but does not provide a means to suction gastric contents.  Studies completed on mannequins (Doerges et al., 2000) and human subjects (Genzwuerker, Finteis, Kuhnert-Frey, and Ellinger, 2001) did not find evidence of gastric inflation.  While these findings are suggestive of tracheal protection, no research has been cited as specifically evaluating the capability of the laryngeal tube to prevent aspiration.  

Richebe, Semjen, Hammar, Marie, and Cross (2000) noted gastric ventilation when using the laryngeal tube in 13% of a sample of 70 pediatric patients.  Similarly, gastric insufflation has been observed in adult populations when the laryngeal tube device was used as an airway adjunct (Lecomte, Brehm-Arnold, Goubaux, Langeron, and Cros, 2000). Despite evidence of gastric inflation, aspiration of gastric contents did not occur. Neither of the studies defined gastric ventilation, nor described the method of measurement of gastric ventilation/insufflation.  Further, these studies did not address the adequacy with which patient oxygenation and ventilation are maintained when anesthesia providers use this device as an airway adjunct.

The adequacy of the laryngeal tube with regard to oxygenation in spontaneously breathing patients has been documented in the following studies.  Genzwuerker et al. (2001) found the laryngeal tube maintained an average oxygen saturation of 98.6% and average end tidal CO2 of 35.8 mmHg during mechanical ventilation under general anesthesia without muscle relaxation.  When compared to patients breathing spontaneously before induction, Dorges et al. (2000) demonstrated improved SaO2 and PaO2 values ten minutes after laryngeal tube placement under general anesthesia.  Reliable oxygenation and ventilation may render the laryngeal tube an alternative device for emergent airway management. 

Rapid establishment of a secure airway is essential during emergent resuscitation.       Doerges et al. (2000) and Genzwuerker et al. (1999) noted average insertion times for the laryngeal tube to range from 27.15 seconds to 62 seconds, with greater than 95.6% of participants achieving correct placement on first attempt under simulated conditions with mannequins.  Similarly, laryngeal tube insertion in human subject studies was labeled as “easy” (Lecomte et al., 2000; Richebe et al., 2000) or stated as “comparable to the LMA” (Dorges et al., 2000).

Findings from research studies regarding the physiologic response to laryngeal tube placement and ease of use must be interpreted cautiously.  Most studies contained small sample sizes (Dorges et al., 2000; Genzwuerker, 2001; Lecomte et al., 2000; Richebe et al., 2000) and no studies performed power analysis.  Another limitation is that many of these studies were presented at conferences as poster presentations and were performed as pilot studies.  FDA approval of the laryngeal tube occurred in January 2003, which may account for the lack of studies documented in refereed journals.  This action by the FDA should increase the numbers of sufficiently powered research studies investigating the laryngeal tube and comparing it to recognized airway devices.

Comparison of leakage among devices

Comparison of the facemask to the LMA in regards to gas leakage have been documented in the following studies.  O’Hare and Kerr (1998) used a Perkin-Elmer device attached to the breast pocket of the anesthetist to measure gas leakage in 135 patients undergoing minor urological procedures.  Subjects were randomly assigned to a facemask group, a LMA (LMA N2O) group, or a LMA (LMA O2) group where N20 was initiated once the LMA was placed. Results suggested the facemask group (221 ppm) had significantly more mean N20 waste in comparison to the LMA N20 group (81.4 ppm) and the LMA O2 (13.8 ppm).  Jenstrup, Fruergaard, and Mortensen (1999) used the GD 200, placed 30 cm above the patient’s mouth, to compare facemask and LMA gas leakage in a sample of 42 adult males undergoing elective cystoscopy surgery. The mask group had significantly higher N20 median concentrations at 157 ppm (85-332 ppm) verses the LMA group with 60 ppm (28-126 ppm), time weighted average. The reliability of the nitrous oxide detection monitor limits this study due to the peak limit of 10,000 ppm being reached several times.  

Asai, Kawashima, Hidaka, and Kawachi (2002) compared the laryngeal tube and LMA in 22 patients undergoing general anesthesia with manual ventilation for the success rate of insertion, gas leak pressure and the incidence of gastric insufflation.  Data suggested that gas leakage occurred when peak airway pressures were above 26 cm H2O for the laryngeal tube and 19 cm H2O for the LMA.  In addition, gastric insufflation did not occur when the laryngeal tube was used, but was noted in three patients with the LMA.  Similarly, Ocker, Wenzel, Schmucker, Steinfath, and Dorges (2002) found the laryngeal tube airway leak pressures to be 36 +/- 3 cm H2O and the LMA airway leak pressures to be 22 +/- 3 cm H2O in 50 patients undergoing general anesthesia for minor routine surgery with controlled ventilation. These finding suggest the laryngeal tube provided a better airway seal compared to the LMA if the esophageal balloon produced an adequate seal.  

Cameron, Sievert, Ashbury, and Jackson (1996) simultaneously compared the LMA, endotracheal tube, and facemask with regard to gas leakage during spontaneous ventilation in 60 subjects.  Gas leakage was measured by the amount of minimal fresh gas flows (FGFs) needed in a closed circle system, presuming that minimal FGFs are the sum of the volume of anesthetic gas uptake, oxygen consumption, and any gas leakage.  Minimal fresh gas flows were operationally defined as the largest FGF that did not cause gas spillage from the pop-off valve.  The median FGF at 20 min was 350 ml/min, interquartile range (IQR) 100 in the LMA group, 350 ml/min, IQR 125 in the tracheal tube group and 450 ml/min, IQR 87.5 in the facemask group.  The FGF for the facemask group was significantly higher than the LMA or tracheal tube group (P < 0.01).  There was no significant difference between the FGFs for the tracheal tube and the LMA groups.  Leak provocation tests were carried out in 14 patients with LMAs.  One had a definite leak at 5 cm H2O, two at 10 cm H2O and three at 15 cm H2O positive end-expiratory pressure.  Eight patients had no detectable leak at 20 cm H2O.  None of the tracheal tube group tested showed any leak in this test.  A limitation of this study is that the facemask group cannot be interpreted entirely on leaks since the median weight of the facemask group was greater than the LMA and endotracheal tube group, although this difference was not statistically significant. 

In conclusion, the review of the literature regarding the facemask, laryngeal mask and laryngeal tube airway devices suggest that all three devices are safe to use in the delivery of anesthesia.  However, it is the type of surgical case, patient and duration of surgery that will limit the use of each of these devices.  In addition, all three airway devices are regarded as a form of “mask anesthesia,” but each has a unique feature that offers advantages over the others.   Brain et al. (1998) demonstrated that the LMA provided a better seal than the facemask because it was able to conform to the contours of the hypopharynx with its lumen facing the laryngeal opening, whereas the facemask was relying on the contours of the external face to form a seal.  With the development and FDA approval in February 2003 of the King laryngeal tube which offers two cuffs (pharyngeal and oesophageal), like a shortened combitube, preliminary studies (Ocker, Wenzel, Schmucker, Steinfath and Dorges, 2002; Brimacombe, Keller, and Brimacombe, 2002) suggest that this new device might offer a even better seal than the LMA and facemask. 
There has been minimal research found comparing nitrous oxide waste gas production in the delivery of anesthesia via facemask, LMA, and LT in single studies.  The overall purpose of this research is to measure and compare the concentration of contaminant nitrous oxide in operating rooms when utilizing the facemask, LMA, or LT during the course of providing anesthesia.  By adequately controlling exposure to nitrous oxide, exposure to other anesthetic agents will also be controlled.  Minimizing waste anesthetic gas in the operating room will promote the safety of health care personnel.

Background/Status References: 

ACGIH (1987). Threshold limit values and biological exposure indices for 1987-1988. 

Cincinnati, OH: American Conference of Governmental Industrial Hygienists.

Asai, T., Kawashima, A., Hidaka, I., and Kawachi, S. (2002). The laryngeal tube compared with

the laryngeal mask: Insertion, gas leak pressure and gastric insufflation. British Journal of Anaesthesia, 89(5), 729-732.

Bargellini, A., Rovesti, S., Barbieri, A., Vivioli, R., Roncaglia, R., Righi, E., and Borella, P. 

(2001). Effects of chronic exposure to anaesthetic gases on some immune parameters. 

The Science of the Total Environment, 270 (1-3), 149-156.

Bozkurt, G., Memis, D., Karabogaz, G., Pamukus, Z., Ture, M., Karamanlioglu, B., Gunday, I., 

             and Algunes. (2002). Genotoxicity of waste anaesthetic gases. Anaesthesia and Intensive 

             Care, 30, 597-602.

Brain, A. I. J. (1983). The laryngeal mask – a new concept in airway management. British

 Journal of Anaesthesia, 55, 801-804.

Brain, A. I. J., Denman, W. T., and Goudsouzian, N. G. (1998). LMA-Classic and LMA-Flexible

instruction manual. LMA North America: San Diego, California.

Brimacombe, J., Keller, C., and Brimacombe, L. (2002). A comparison of the laryngeal mask 

airway proseal and the laryngeal tube airway in paralyzed anesthetized adult patients 

undergoing pressure-controlled ventilation. Anesthesia and Analgesia, 95, 770-776.

Brodrick, P. M., Webster, N. R., and Nunn, J. F. (1989). The laryngeal mask airway: A study of

100 patients during spontaneous breathing. Anaesthesia, 44(3), 238-241.

Buring, J., Hennekens, C., Mayrent, S., Rosner, B., Greenburg, E., and Colton, T. (1985). Health 

             experiences of operating room personnel. Anesthesiology, 62, 325-330.

Cameron, A. E., Sievert, J., Ashbury, A. J., and Jackson, R. (1996). Gas leakage and the

laryngeal mask airway: A comparison with the tracheal tube and facemask during spontaneous ventilation using a circle breathing system. Anaesthesia, 51(12), 1117-1119.

Chang, W., Kau, C. and Hseu, S. (1997). Exposure of anesthesiologists to nitrous oxide

 during pediatric anesthesia. Industrial Health, 35, 112-118.

Devitt, J. H., Wenstone, R., Noel, A. G., and O’Donnell, M. P. (1994). The laryngeal mask

airway and positive-pressure ventilation. Anesthesiology, 80, 550-555.

Doerges, V., Hartmut, O., and Schmucker, P. (2000, October). Intubating laryngeal mask 

airway, laryngeal tube, 1100 ml-bag:  Beneficial during ventilatory life support?  Poster session presented at the annual meeting of the American Society of Anesthesiologists, San Francisco, CA.

Fujinaga, M., Baden, J., Yhap, E., and Mazze, I. (1987). Reproductive and teratogenic

            effects of nitrous oxide, isoflurane, and their combination in Sprague-Dawley rats.

            Anesthesiology, 67, 960-964.

Fujinaga, M., Mazze, R., Baden, J., Fantel, A., and Shepard, T. (1988).  Rat whole embryo 

             culture:  An in vitro model for testing nitrous oxide teratogenicity. Anesthesiology, 

             69, 401-404.

Fung, Y. K., Brown, M. R., and Sullivan, R. E. (1993). Effects of nitrous oxide exposure on 

             behavioral changes in mice. Pediatric Dentistry, 15(2), 93-97.

Genzwuerker, H., Finteis, T., Kuhnert-Frey, B., and Ellinger, K. (2001, April). Use of the 

laryngeal tube for short interventions in gynaecology.  Poster session presented at 9th ESA Annual Meeting, Gothenburg, Sweden.

Genzwuerker, V., Hilker, T., Hohner, E., and Kuhnert-Frey, B. (1999, November). The laryngeal 

tube:  A new adjunct for airway management.  Poster session presented at the German Congress of Anesthesiology, Wiesbaden, Germany.

Goto, Y., Gallagher, J., Fanning, N., Wang, J., McCusker, S., Redmond, P., and Sgirtebm G. 

(2000). Does chronic occupational exposure to volatile anesthetic agents influence the

 rate of neutrophil apoptosis? Canadian Journal of Anaesthesia, 47(4), 350-353.

Greenberg, R. S., Brimacombe, J., Berry, A., Gouze, V., Piantadosi, S., and Dake, E. M. (1998).

A randomized controlled trial comparing the cuffed oropharyngeal airway and the

laryngeal mask airway in spontaneously breathing anesthetized adults. Anesthesiology, 88, 970-977.

Hodgson, M. J. (1991). Indoor Air Quality. Allergy Proceedings, 12(6), 371-383.

Hoerauf, K., Funk, W., Harth, M. & Hobbhahn, J. (1997). Occupational exposure to 

sevoflurane halothane and nitrous oxide during pediatric anaesthesia. Anaesthesia, 52,  

215-219.
Hoerauf, K., Lierz, M., Wiesner, G., Schroegendorger, K., Lierz, P., Spacek, A., Brunnberg, L., 

and Nusse, M. (1999). Genetic damage in operating room personnel exposed to   isoflurane and nitrous oxide. Occupational Environmental Medicine, 56, 433-437.   

Hoerfauf, K., Schroedgendorfer, K., Jobst, B., Spacek, A., Harth, M., Sator-Katzenschlager, S., 

            and Ho-Tai, L. M., Devitt, J. H., Noel, A. G., and O’Donnell, M. P. (1998). Gas leak and  

            gastric insufflation during controlled ventilation: Facemask versus laryngeal mask 

            airway. Canadian Journal of Anaesthsiology, 45(3), 206-211.

Hoerauf, K., Wiesner, K., Schroegendorfer, K., Jobst, B., Spacek, A., Harth, M., Sator-

            Katzenschlager, S., and Ruidiger, H. (1999) Waste anaesthetic gases induce sister 

            chromatid exchanges in lymphocytes of operating room personnel. British Journal of 

            Anaesthesia, 82(5), 764-766.

Jenstrup, M., Fruergaard, K. and Mortensen, C. (1999). Pollution with nitrous oxide 

using laryngeal mask or facemask. Acta Anaesthesiology Scand, 43, 663-666.

Kanmura, Y., Sakai, J., Yoshinaka, H. and Shirao, K. (1999). Causes of nitrous oxide 

contamination in operating rooms. Anesthesiology, 90(3), 693-696.

Kloster, J., Lambert, P., and Ragosta, K. (1999). Masks. Retrieved February 24, 2003, from 

Bryant College, Our History of Anesthesiology Web site: http://web.bryant.edu/~history/h364proj/fall_99/kloster/masks.html

Knill-Jones, R., Rodrigues, L., Moir, D., and Spence, A. (1972). Anaesthetic

practice and pregnancy: A controlled survey of women anaesthetists in the United Kingdom. The Lancet, 1326-1328.

Kundomal, Y., and Baden, J. (1985). Toxicity and teratogenicity of inhaled anesthetics in 

             Drosophilae Melanogaster. Toxicology Letters, 25, 287-291

Lambert-Jensen, P., Christensen, N. E., and Brynnum, J. (1992). Laryngeal mask and anaesthetic 

waste gas exposure. Anaesthesia, 47(8), 697-700.

Layzell, M. (2000). The air we breathe.  Audit to evaluate how healthy the working environment 

is in Recovery. British Journal of Perioperative Nursing:  The Journal of the National  Association of Theatre Nurses, 10(5), 272-275.  

Lecomte, J., Brehm-Arnold, S., Goubaux, B., Langeron, O., and Cros, A. (2000, October). 

Clinical evaluation of the laryngeal tube or LT in adult patients.  Poster session presented at the annual meeting of the American Society of Anesthesiologists, San Francisco, CA.

Lopez-Gil, M., Brimacombe, J., and Alvarez, M. (1996). Safety and efficacy of the laryngeal

mask airway. A prospective survey of 1400 children. Anaesthesia, 51, 969-972.

Lucchini, R., Placidi, D., Toffolett, F., and Alessio, L. (1996). Neurotoxicity in operating room

personnel working with gaseous and nongaseous anesthesia. International Archives of

Occupational and Environmental Health, 68, 188-192.

Maltby, J. R., and Watson, N. C. (1990). The laryngeal mask airway: Clinical appraisal in 250

patients. Canadian Journal of Anaesthesia, 37(5), 509-513.

Mazze, R., Fujinaga, M., and Baden, J. (1987). Reproduction and teratogenic effects of nitrous 

oxide, fentanyl and their combination in sprague-dawley rats. British Journal of 

Anaesthesia, 59, 1291-1297.

NIOSH (1977b). Criteria for a recommended standard: occupational exposure to formaldehyde. 

Cincinnati, OH: U.S. Department of Health, Education, and Welfare, Public Health Service, Center for Disease Control, National Institute for Occupational Safety and Health, DHEW (NIOSH) Publication No. 77-126.

Occupational disease among operating room personnel: a national study. Report of an ad hoc 

committee on the effect of trace anesthetics on the health of operating room personnel, American Society of Anesthesiologists (1974). Anesthesiology, 41(4), 321-340.

Ocker, H., Wenzel, V., Schmucker, P., Steinfath, M., and Dorges, V. (2002). A comparison of 

the laryngeal tube with the laryngeal mask airway during routine surgical procedures. Anesthesia and Analgesia, 95, 1094-1097.

O’Hare, K., and Kerr, W. J. (1998). The laryngeal mask as an antipollution device. Anaesthesia,

 
53, 51-54.

Rice, S. (1990) Effect of prenatal N2O exposure on startle reflex reactivity. Teratology, 42, 

             373-381.

Richebe, P., Semjen, F., Hammar, F., Marie, S., and Cros, A. (2000, October). Clinical 

evaluation of the laryngeal tube (LT) in pediatric anesthesia.  Poster presented at annual meeting of the American Society of Anesthesiologists, San Francisco, CA.

Rowland, A. S., Baird, D. D., Shore, D. L., Weinberg, C. R., Savitz, D. A., and Wilcox, A. J.

(1995). Nitrous oxide and spontaneous abortion in female dental assistants. American  

Journal of Epidemiology. 141(6), pp. 531-538. 

Sarma, V. J., and Leman, J. (1990). Laryngeal mask and anaesthetic waste gas concentration.

Anaesthesia. 45(9), pp. 791-792.

Sass-Kortsak, A. M., Purdham, J. T., Bozek, P. R., and Murphy, J. H. (1992). Exposure of   

            hospital operating room personnel to potentially harmful environmental agents. American 

            Industrial Hygiene Association. 53, pp 203-209.

Saurel-Cubizolles, M., Hays, M., & Estryn-Behar, M. (1994). Working in operating rooms and 

             pregnancy outcomes among nurses. International Archives of Occupational and 

             Environmental Health, 66, 235-241.

Schuyt, H., &. Verberk, M. (1996). Measurement and reduction of nitrous oxide in 

operating rooms. Journal of Occupational & Environmental Medicine, 38(10), 1036-1040.

Sessler, D. (1997). Risks of occupational exposure to waste-anesthetic gases. Acta 

Anaesthesiology Scandinavica Supplementum, 111, 237-239.

Tassinari, M., Mullenix, P., and Moore, P. (1986). The Effects of nitrous oxide after exposure 

             during middle and late gestation. Toxicology and Industrial Health, 2(3), 261-271.

Verghese, C., and Brimacombe, J. R. (1996). Survey of laryngeal mask usage in 11,910 patients:

Safety and efficacy for conventional and nonconventional usage. Anesthesia and Analgesia, 82, 129-133.

Weiler, N., Latorre, F., Eberle, B., Goedecke, R., and Heinrichs, W. (1997). Respiratory

mechanics, gastric insufflation pressure, and air leakage of the laryngeal mask airway. Anesthesia and Analgesia, 84(5), 1025-1028.

Weiss, W. (1950). Regurgitation and aspiration of gastric contents during inhalation 

anesthesia. Anesthesiology, 11, 102-109.

STUDY PLAN
For all entries in this section that are not applicable, enter N/A.

Extra radiation? If the answer to the next question is "yes", you must submit your protocol to the Radiation Protection Office and request an “Assessment of Radiation Risk”.

Will any subjects receive extra radiation as part of this study?   [  ] Yes     [X] No

Assistance with Number Of Subjects and Justification Of Sample Size is available from the Dept. of Clinical Investigation (968-1160).


Number of subjects: Enter the maximum number of subjects at MAMC, to include controls and all treatment groups, needed for the study.  For example:  “2 study groups x 40 subjects/group = 80 total subjects”

Number of subjects: 3 study groups x 22 subjects/group = 66 total subjects plus 9 to account for attrition. Grand total of 75 subjects.
Justification of sample size: Describe how sample size was derived. Include power analysis or other methods used, data used, and adjustments for anticipated loss of subjects. Include description and method of data used to do this.  Pilot study sample size must also be explained/justified.

Justification of sample size (include description of data and method used): 

Determination of effect size for this study was via literature review.  Asai, Kawashima, Hidaka and Kawachi (2002) compared the LT with the LMA in regards to gas leak pressure (as a measurement of gas leakage), insertion, and gastric insufflation.  Asai et al. (2002) considered that an increase in leak pressure to 25-36 cm H20 (i.e. a 30% increase) would be a clinically significant finding.  The investigators then conducted an a priori power analysis using a power (1-beta) of 0.80 and an alpha of 0.05, and determined that 22 subjects would be required to detect a difference. Asai et al. (2002) concluded that the LT provided a better seal in the oropharynx and less gas leakage than the LMA. Gustorff, B., Lorenzl, N., Aram, L., Krenn, C., Jobst, B., and Hoerauf, K. (2002) compared exposure to sevoflurane and nitrous oxide during ventilation using the cuffed oropharyngeal airway (COPA) with waste gas exposure using a conventional facemask and LMA. The investigators of this study conducted a post hoc power analysis which revealed that their study yielded a power of > 95%, based on an alpha of 0.05, and sample size of 33. Their intention was to detect a 30% difference between groups with a common standard deviation 1.3-fold of the difference. Gustroff et al. (2002) concluded that the COPA provided a sufficient airway sealing during short surgery procedures and resulted in significantly decreased contamination through waste anesthetic gases compared with the Facemask.  Another interesting finding was that using the COPA resulted in waste gas concentrations comparable to those during the usage of the LMA, both at the patients' mouths and for the anesthesiologist.  Based on these studies, we estimated the effect size to be large. We conducted an a priori power analysis using G-Power (MS-DOS, 1992) and cross-referencing with Cohen (1988) that resulted in a total n of 66, alpha of 0.05 and power (1-B) of 0.80.  Our data will be parametric (five data points per subject, 3 groups) and statistical analysis will be done using One-way Analysis of Variance with Repeated Measures.  To account for attrition we will enroll a total of 75 participants.

Age range of subjects: Protocols with subjects less than 18 years of age must have a Children’s Consent/Assent Form.

Age range of subjects: 18-65

Gender of subjects: Male and Female

Source of subjects: Where will you recruit your subjects? For example, “Oncology clinic”, “Pediatric clinic”, or "Emergency Room".

Source of subjects: Madigan Army Medical Center perioperative service.

Method of selecting subjects: Describe how you will select your subjects from the total number of eligible patients. Will they be selected randomly, consecutively, etc.?

Method of selecting subjects: All Department of Defense beneficiaries requiring general anesthesia for surgical procedures at Madigan Army Medical Center for which spontaneous ventilation would be appropriate.

Evaluations before entry: What procedures or tests were used to determine that patients meet the inclusion criteria (i.e., physical exam, x-rays, hematology, certain labs, etc.)?

Evaluations before entry: Routine Pre-operative anesthesia assessment.

Inclusion criteria: What has to be true of each subject to be included in the study?

Inclusion criteria: The study population will consist of a convenience sample of patients receiving general anesthesia for which spontaneous ventilation would be appropriate.  In convenience sampling, the selection of participants from the population in based on easy availability and/or accessibility.  In this case, all DOD beneficiaries requiring general anesthesia for surgical procedures for which spontaneous ventilation would be appropriate.  Individuals eligible to participate will be volunteers who are: 


- receiving care at Madigan Army Medical Center (MAMC)


- eighteen years to sixty-five years old


- able to communicate in spoken or written English

- able to meet the criterion for the American Society of Anesthesiologist (ASA) physical 

  status I or II 

Diagnostic criteria for entry: If subjects with certain diagnoses are to be studied, what are your standardized criteria for that diagnosis?

Diagnostic criteria for entry: None specific for study.  

Exclusion criteria:  What conditions, if present, would confound your data or disqualify subjects, and make them not acceptable for your study?

Exclusion criteria:

- Under the age of 18 or over the age of 65.  

- Surgical procedures where spontaneous ventilation is not indicated.  

- Surgical procedures lasting 3 hours or more.  

- Patient at risk for aspiration.

- Patients with fixed decreased pulmonary compliance, such as patients with pulmonary fibrosis or significant acute/chronic lung disease (Devitt et al., 1994).  

- Adult patients who are unable to speak or write English 

- Facial hair and/or facial/neck anatomical abnormality and edentulous patients that would preclude an adequate mask seal or positioning (Ho-Tai et al., 1998).

- Mallampati classification III or IV (Asai et al., 2002).

- Allergy to eggs and soy products (propofol).

METHODS

Study Design: Identify the overall design of the study (prospective vs. retrospective, experimental vs. observational, randomized, placebo-controlled, double-blind, etc.).

Study Design: A randomized, post-test design will be used.  Participants will be randomly assigned to one of three groups.  The groups will be as follows:  (1) Facemask (2) LMA-Classic, and (3) King LT.  It is expected that there will be 22 participants per group, totaling 66 participants for the study, plus 9 extra participants to account for attrition.  Our objective is to compare the measured concentration of contaminant nitrous oxide in the operating room when delivering general anesthesia via the facemask, laryngeal mask airway, or laryngeal tube.  There will be a single outcome criterion measured for the three groups that is the amount of nitrous oxide leakage at 4 data points: time 0 (initial insertion of device or placement of facemask), time 1 (10 min post induction), time 2 (30 min post induction), and time 3 (45 min post induction). These data points will be compared using Analysis of Variance with Repeated Measures to assess for differences among the 3 groups. The primary investigator (PI) and the associate investigators (AI's) will be inserting the LMA/LT and/or applying the facemask to the participants.  To control for bias, the investigators (student registered nurse anesthetists) will be blinded as to when the measurements will be taken by placing the Bacharach 3010 nitrous oxide monitor away from the view of the investigators.  The staff anesthesia provider will document the measurement of nitrous oxide leakage at each of the time intervals.  Validity and reliability testing regarding the Bacharach 3010 nitrous oxide monitor was addressed by the manufacturer’s guidelines under specifications. The specifications are:  1) Range and resolution: 0-1,000 ppm N20; 5 ppm resolution, 0-10,000 ppm N20 for leak detection, 2) Power source: Nickel-metal hydride rechargeable battery, up to 9 hours on one charge, recharge time approximately 2 hours, 3) Operating temperature: 59-77 degrees Fahrenheit (15-25 degrees Celsius), 4) Relative humidity: 0-99%, non-condensing, and 5) Zero drift: Typically < 20 ppm over an 8 hour period with fully charged batteries and at a constant temperature (zero drift in auto-stabilization mode). 

Procedures: Describe step by step the procedures for recruitment, consent, assignment to study groups, laboratory methods, sequence of events, etc. Include interventions, interactions or evaluations that subjects will experience, and how/when these will be experienced (a timeline chart or table is most helpful). 

For retrospective studies, describe source and method of collecting data. For studies involving questionnaires, surveys, and data collection forms, a copy must be submitted with the protocol.

Procedures: To ensure adequate informed consent, candidates for participation in our study will be recruited during their pre-operative assessment.  This will allow each candidate at least 24 hours to make the decision to participate without coercion or influence from investigators or healthcare providers.  Once recruited into study, participants will be randomly assigned into one of the 3 study groups using a table of random numbers. On the day of surgery, investigators will confirm patient’s desire to participate in the study by evaluating their signed informed consent and by clarifying any other questions participants may have. Participants may choose to exit the study at any time.  Intravenous access will be obtained in the preoperative holding area and participants will be premedicated with midazolam 1-2 mg titrated to effect for anxiolysis. Once in the operating room, routine monitors will be placed and 100% oxygen delivered for 3 to 5 minutes via facemask for denitrogenation.  The facemask will be sized by utilizing the smallest facemask that covers the bridge of the nose and mentum of the chin and provides a complete seal.  The standard anesthetic protocol for this study is as follows:

Induction: Propofol containing 0.2% Lidocaine 1.0-2.5 mg/kg IV (until loss of eyelash reflex). 

Airway Device Placement: LMA-Classic will be sized according to manufacture's specifications based on patient weight. King LT will be sized according to manufacture's specifications based on patient height.  To prevent potential harm to subjects, cuff inflation pressures are measured with a positive pressure manometer.  LMA-Classic and King LT cuff inflation will not exceed an intracuff pressure of 60 cm H2O, according to manufacture's specifications.

Maintenance: 66% Nitrous Oxide in Oxygen with a potent inhalation agent and Fentanyl 25 mcg boluses titrated to an EtCO2 range of 45-60 mmHg.  If EtCO2 exceeds 60 mmHg, assisted ventilations will be delivered to return patient to set range.  A total of four data points will be taken:  time 0 (initial insertion of device or placement of facemask), time 1 (10 min post induction), time 2 (30 min post induction), and time 3 (45 min post induction).  Investigators will be trained on the use of the three airway devices and all investigators are student registered nurse anesthetist with similar experience.  Measurement of nitrous oxide waste anesthetic gas will be accomplished using the Bacharach 3010 nitrous oxide monitor.  The monitoring line will be suspended 30 cm above the patients’ airway using a clamp on the support pole of the ether drape.  The monitor device will be placed away from the view of the investigators so as to avoid bias as to when the measurements will be taken (Jestrup, Fruergaard and Mortensen, 1999).

Emergence: Dolasetron (anzimet) 12.5 mg IV adminstered as antiemetic prophylaxis.

Please see appendix 1: Informed consent, appendix 2: Demographic data collection sheet, appendix 3: Data collection sheet, and appendix 4: Conceptual framework.
Study Medications: If the study medication section is not applicable, enter N/A. 

Study Medications: N/A
Name of all medications: Name any medications to include any controls (i.e., placeboes) .

a. Name of all medications to include controls (including placeboes):

Source of medications: If the source of medications is the MAMC Formulary then you must request an Impact Statement from the Pharmacy. If the source of medications is other than the MAMC Formulary, then enter source and describe the process for obtaining the study medications. You can not accept or solicit medications directly from a pharmaceutical company IAW UCMJ.

b. Source of medications to include controls (including placeboes):

c. Place where study medications will be prepared and/or stored during study: 

d. Dose range: 

e. Dose schedule: 

f. How administered: 

g. Duration of drug treatment: 

h. Radioactivity specifications: 

i. Accompanying medications: 

j. Labeling of study medications: 

k. Antidotes that must be available: 

l. Disposal of unused medications: 

Criteria for removal of subjects: Describe conditions under which enrolled subjects will be removed from the study.

Criteria for removal of subjects from study: 

- Subject requests removal.

- If unable to ventilate through any of the three devices (LMA-Classic, King LT laryngeal tube, and Facemask) or maintain oxygen saturation above 96%.

- Hemodynamic instability or any physiologic change that might occur during surgery that precludes spontaneous ventilation or requires endotracheal intubation.

- Failure of insertion (laryngeal tube or LMA) greater than two attempts.    

Deviation from standard of care: Describe any differences from standard treatment/procedures. For example, greater or fewer x-rays, blood draws, exams, medications, treatment randomization, time seen, etc.

Deviation from standard of care: N/A

Assistance with statistical methods is available in the Department of Clinical Investigation (968-1160).

Statistical Methods

Dependent variables: Describe pertinent outcome variables and how they are measured and recorded which will be used to address the objectives and prove or disprove the hypothesis.  

For example:  Clarify whether pain will be measured using a visual analog scale (as measured by a mark on a 10cm line) or by asking “Pain: Yes/No”.

Dependent variables: Amount of nitrous oxide leakage (waste anesthetic gas) as measured with a Bacharach 3010 nitrous oxide monitor suspended 30 cm above the patients’ airway.

Method of data analysis: Describe statistical methods that will be used to evaluate the data collected. In particular, indicate how the hypotheses will be addressed. 

Method of data analysis:Analysis of Variance with Repeated Measures utilizing SPSS software program student version 10.0.

Human Subjects Concerns

Method of subject-data linking: Describe how the data will be linked to the subjects in order to conform with confidentiality and patient consent regulations (i.e. consecutive code numbers, last 4 of SSN, etc.). Names and SSN cannot be used unless an IRB-approved, stamped, dated consent form was signed. Describe if, when and how identifiers will be de-linked from publishable data. 

Method of subject-data linking: The participants will be assigned consecutive numbers (1-75) when enrolled. Participants will then be randomly assigned to one of three groups using the table of random numbers.  Once randomization is complete, identification of participants will be by number and group.  For example, subject 1-Facemask (FM), subject 5-LMA, subject 10-Laryngeal Tube (LT). No other identifying data will appear on the data collection sheet.  

Risks: 

To subjects: Give a brief description of risk to subjects. 

To subjects: Patients are not subjected to increased risks due to this study.  The use of these anesthesia delivery devices is standard of care.  There are no increased risks above those that are associated with general anesthesia.  However, both minor adverse effects (sore throat) and major adverse effects (aspiration) following the LMA-Classic and Laryngeal tube use have been reported in the literature (Asai et al., 2002). There have been no reports of death directly attributable to the LMA or laryngeal tube.  Review of published literature suggests that the incidence of aspiration is low (~ 2:10,000) and is comparable to the incidence of aspiration associated with outpatient general anesthesia with the facemask or endotracheal tube (Brimacombe and Berry, 1993).  The following are the list (from most to least common) of possible adverse effects associated with laryngeal tube, LMA and facemask: 

a. Sore throat (Brain et al., 1998; Smith et al., 1992) 

b. Throat dryness (Ivens et al., 1995; Smith et al., 1992)

c. Mild laryngeal stridor (Brain et al., 1998)

d. Mild gastric insufflation (Ho-Tai et al., 1998; Weiler et al., 1997)

e. Laryngospasm (Miller et al., 2001)

f. Partial airway obstruction due to malpositioning (Miller et al., 2001)

g. Aspiration (Brain et al., 1998)

To study staff: Give a brief description of risk to study staff. 

To study staff: Occupational exposure to waste anesthetic gases has been implicated in a variety of adverse health conditions in several retrospective research studies.  Although some of the interpretations of these studies conflict, the most consistent results suggest “chronic” occupational exposure may lead to spontaneous abortions and infertility (Buring, Hennekens, Mayrent, Rossner, Greenburg, and Colton, 1985; Sass-Kortsak, Purdham, Bozek, and Murphy, 1992; Sessler, 1997).  This study will evaluate which anesthetic delivery device (face mask, LMA, laryngeal tube) results in the most nitrous oxide pollution, thus exposing operating room personnel to a potentially deleterious agent.  By adequately controlling exposure to nitrous oxide, then exposure to other anesthetic inhalation agents will also be controlled. Research suggests that occupational exposure to waste anesthetic gases may induce weakening of the immune system and may possibly prolong the inflammatory response in health care providers, even if exposure is below the recommended levels (Bargellini, Rovesti, Barbieri, Vivoli, Roncaglia, Righi, et al., 2001; Goto, Gallagher, Fanning, Wang, McCusker, Redmond, et al., 2000).  Impairment of neurobehavioral effects, such as slower reaction times, may also result from occupational exposure to waste anesthetic gases (Lucchini, Placidi, Toffoletto, and Alessio, 1996).  Minimizing waste anesthetic gas in the operating room will promote the safety and practice of operating room personnel. Thus, there are no increased risks to staff above which already exists to operating room staff.

Benefits to subjects: Give a brief description of potential benefits to subjects. 

Benefits to subjects: The primary benefit of participating in this study is to expand the body of knowledge regarding airway tools used in the delivery of anesthesia.  In addition, participants may benefit by a lower incidence of sore throat as compared to endotracheal intubation (Brain, McGhee, McAteer, Thomas, Abu-Saad and Bushman, 1985). Avoidance of endotracheal intubation preserves the integrity of the larynx and avoids the use of neuromuscular blocking (paralytic) drugs. 

Precautions: Describe precautions that will be taken to minimize or eliminate the above stated risks.

Precautions: The risks are not greater than the usual risks associated with general anesthesia. The exclusion criteria written above will minimize or eliminate the above stated risks (see section “risks to subjects”).

Consent Process: Participants will be consented during the pre-operative assessment phase of the surgical procedure by research investigators.  Preoperative assessment occurs at least one day prior to surgery.  This procedure will allow participants adequate time to read through the consent, formulate questions, and make a decision regarding participation without coercion.  Setting will be in the pre-admission/operative office.  Prior to conducting our study, we will give a presentation of our study to include recruitment and consent process highlighting our inclusion and exclusion criteria to the anesthesia staff for support and cooperation in this endeavor.

Describe consent process: Describe the setting/conditions of the consent process that will be utilized (i.e. when and where will the consent process take place and who will be consenting the subjects). 

Attach separate: Attach separately a list of those personnel (that aren’t listed on the cover page) who are allowed to consent subjects. See form later in the template.

Are there personnel not listed, allowed to consent subjects? [X] No [ ] Yes, attach separately

Final Disposition of Study Information and Materials

Final disposition of the results: Describe what will be done with the results. For example, specify journal that the study will be submitted to, specific meeting the study will be presented at, etc.  Describe if, when and how identifiers and/or code lists will be destroyed. 

Final disposition of the results: Final disposition of the results will be reported to MAMC IRB, UT Houston Health Science Center and U.S. Army Graduate Program in Anesthesia Nursing.  In addition, a poster presentation will be submitted at the AANA annual meeting. Further, upon approval by the educational institution, a manuscript will be submitted for publication to the AANA Journal in accordance with Army Regulation 360-2.

Disposition of blood/tissue samples: Describe what will be done with any blood, urine and/or tissue samples. For example, destroyed after completion of the study or stored for use in future research studies, etc.  

Disposition of blood/tissue samples: N/A

SUMMARY PAGE

Protocol Summary: Give a brief, no more than a half page, description of your entire study. Include: 

1) sample population (who are you studying), 

2) sample size (how many are you studying), 

3) what you are doing (methods), 

4) what data are you collecting (outcome variables), and 

5) data analysis plan (how are you analyzing each of your outcome variables. 

Do not include background information. This is the narrative which will appear in the annual report to MEDCOM.

BE CONCISE BUT THOROUGH.

Title: Comparison of Nitrous Oxide Waste Anesthetic Gas Leakage Among the LMA-Classic, King LT, and Facemask airway device.

Sample population:  All DOD beneficiaries requiring general anesthesia for surgical procedures in which spontaneous ventilation would be appropriate.  Individuals eligible to participate will be volunteers who are: 1) receiving care at Madigan Army Medical Center (MAMC), 2) eighteen years to sixty-five years old, 3) able to communicate in spoken or written English, and 4) able to meet the criterion for the American Society of Anesthesiologist (ASA) physical status I or II. 

Sample size:  Based on a large effect size (0.04) a total of 66 participants are needed for a power of 0.80 and a level of significance of 0.05. 22 subjects per group (group 1: Facemask, group 2: LMA-Classic, group 3: King LT).  To account for attrition a total of 75 participants will be recruited.

Methods: Using a table of random numbers, participants will be randomly assigned into one of the 3 groups. On the day of surgery, patient’s will be asked again to confirm participation using their signed informed consent and to clarify any other questions they might have pertaining to their anesthesia. Intravenous access will be obtained in the preoperative holding area and participants will be premedicated for anxiolysis with midazolam (1-2 mg IV).  Once in the operating room, routine monitors will be placed and 100% oxygen delivered for 3 to 5 minutes via facemask, sized to cover the bridge of the nose and the mentum of the chin to provide a complete seal. We will use a standard anesthetic protocol as follows: 

Induction: Propofol containing 0.2% Lidocaine 1.0-2.5 mg/kg IV (until loss of eyelash reflex). 

Airway Device Placement: LMA-Classic will be sized according to manufacture's specifications based on patient weight. King LT will be sized according to manufacture's specifications based on patient height.  To prevent potential harm to subjects, cuff inflation pressures are measured with a positive pressure manometer.  LMA-Classic and King LT cuff inflation will not exceed an intracuff pressure of 60 cm H2O, according to manufacture's specifications.

Maintenance: 66% Nitrous Oxide in Oxygen with Volatile anesthetics, and Fentanyl 25 mcg boluses titrated an EtCO2 range of 45-60 mmHg.  If EtCO2 exceeds 60 mmHg, assisted ventilations will be delivered to return patient to set range.  A total of four data points will be taken:  time 0 (initial insertion of device or placement of facemask), time 1 (10 min from induction), time 2 (30 min from induction), and time 3 (45 min from induction).  Investigators will be trained on the use of the three airway devices and all investigators are student registered nurse anesthetist with similar experience.  Measurement of nitrous oxide waste anesthetic gas will be accomplished using the Bacharach 3010 nitrous oxide monitor.  The monitoring line will be suspended 30 cm above the patients’ airway using a clamp on the support pole of the ether drape.  The monitor device will be placed away from the view of the investigators so as to avoid bias as to when the measurements will be taken (Jestrup, Fruergaard and Mortensen, 1999).  The staff anesthesia provider will document nitrous oxide leakage at the predetermined time points.

Emergence: Dolasetron (anzimet) 12.5 mg IVP adminstered as antiemetic prophylaxis.

Outcome Variables:  The amount of nitrous oxide waste anesthetic gas leakage in ppm time-weighted average.  We hypothesize that the order of least nitrous oxide exposure is as follows:  King LT < LMA-Classic < Facemask airway device.

Analysis: Analysis of Variance with Repeated Measures utilizing SPSS software program student version 10.0.

IMPACT STATEMENTS

Impact statements with original signatures for each affected Department or Service must be attached to the protocol, describing the impact of any procedures considered to exceed standard patient care (anything that would not be done if the patient were not on the protocol). This statement refers to all aspects of the protocol including costs. The principal investigator must discuss the impact of the protocol with the Chief of each affected service or department and obtain the appropriate signature. If there is no impact, use N/A (not applicable).

List all inpatient wards, units, or clinics in which a subject may visit or be admitted at anytime during this study. See Chief or administrative officer of impacted ward/unit/clinic.

Inpatient Wards/Units/Clinics: [X] No    [   ] Yes, attach separately

Nursing now has a worksheet that must be completed, whether you think there is nursing impact or not. The worksheet is on the next page.

Nursing: [X] No    [   ] Yes, attach separately

State extra tasks/tests required of the laboratory. Contact MAJ Steve Mahlen, 968-1568

Pathology: [X] No    [   ] Yes, attach separately

Any protocol that involves drugs obtained from the Pharmacy must also include Pharmacy Impact Statement. If medications are to be randomized by the Pharmacy, this should be clearly stated. Contact Dr. Sylvia Kim, 968-1969

Pharmacy: [X] No    [   ] Yes, attach separately

State extra tasks and costs of extra procedures. Contact COL Marc Cote, 968-1645.

Radiology: [X] No    [   ] Yes, attach separately

Department /Service: [   ] No    [X] Yes, please see attached memos located after appendices.

THE IMPACT STATEMENT MUST BE SIGNED BY THE APPROPRIATE INDIVIDUAL BEFORE THE PROTOCOL CAN BE CONSIDERED FOR FINAL APPROVAL. 

FUNDING

Will any outside (non-MAMC) organization provide funding or other resources?  

      [] No    [X]  Yes, whom? King Systems will be providing the laryngeal tubes (King LT), which will be acquired through the Geneva foundation for our study.        

If yes, submit a separate supplemental page that provides detailed information about the transfer of funds/other resources. Protocols that are funded through grants, congressionally approved funding, or CRDAs are normally not eligible for supplemental internal funding, this is handled on a case-by-case basis.

For internally (MAMC) funded protocols:  

Internally funded protocols will normally be funded through the PI’s service/department.

	
	FY03
	FY04
	TOTAL

	Consumable Supplies
	0
	0
	0

	Other
	0
	0
	0

	Totals from impact statements
	0
	0
	0

	TOTAL
	$0
	$0
	$0


What are you requesting from DCI (Internally Funded Protocols Only)? 

	
	FY03
	FY04
	TOTAL

	Consumable Supplies

(Itemize each supply)
	
	
	

	Other
	
	
	

	Travel*
	
	
	

	Publication/Reprints**
	
	
	

	TOTAL***
	$
	$
	$


* A funding request of up to $1,200 for travel may be approved for protocols. Funding is contingent on availability of funds.  The source of funds is GME account.  Priority goes to Residents, Fellows, and Interns.  Others are considered on a case-by-case basis.   

· Only one funded TDY per protocol.  See MAMC Regulation 360-2, Professional Articles and Exhibits for further explanation of TDY benefits and limitations.

** Publication is highly encouraged.  Clearance of any written material is required prior to publication.  See MAMC Regulation 360-2, Professional Articles and Exhibits for further explanation of publication requirements and reprint funding.

*** Normally funding does not exceed $2,000 per fiscal year for internally funded projects.  If funding exceeds approved amount, a funding amendment will have to be requested by memorandum through DCI and/or the IRB.

Funding by DCI is contingent on availability of funds.

Tammie Maple, MBA

Administrative Officer

Dept of Clinical Investigation

This statement is required on all protocols, do not modify it. It is designed to fit on a page if left as is.

INVESTIGATOR'S STATEMENT 

I agree to conduct this study as written and in accordance with the policies set forth in AR 40‑38, Paragraph 2‑10c, as listed below: 

  (1) 
Prepare a protocol following the policies and procedures in this regulation. 

  (2) 
Prepare and maintain adequate records (Study File) on ‑ 

(a) Receipt, storage, use, and disposition of all investigational drugs issued to the investigator by the pharmacy and investigation devices issued to the investigator by the activity responsible for storing them. 

(b) Case histories that record all observations and other data important to the study. 

(c) Volunteer informed consent documents. 

  (3) 
Prepare progress reports, including annual reports (Clinical Investigation Program, RCS MED‑300(R1)), as determined by the approving authority and regulatory agencies. 

  (4) 
Prepare and file an investigator sponsored Investigational New Drug or Investigational Drug Exemption as appropriate. 

  (5) 
Promptly notify the approving official, through the medical monitor and the Human Use Committee, of adverse effects caused by the clinical investigation. 

  (6) 
Report serious and unexpected adverse experiences involving the use of investigational drugs or devices to the sponsor or the FDA in accordance with AR 40‑7. 

  (7)
Ensure that the clinical investigation has been approved by the proper review committee(s) before starting, changing, or extending the investigation. 

  (8) 
Ensure that all subjects or their representatives, including subjects used as controls, are fully informed of the nature of the investigation to include potential risks to the subject. 

  (9) 
Ensure that investigational drugs or devices are administered only to subjects under the investigator's personal supervision or that of a previously approved associate investigator. 

(10) 
Ensure that a new principal investigator (PI) is appointed if the PI cannot complete the clinical investigation for reasons such as permanent change of station (PCS) or retirement. 

(11) 
Apprise the HUC of any investigator's noncompliance with the Clinical Investigation protocol. 

(12) 
Seek HUC approval for other investigators to participate in the Clinical Investigation. 

(13) 
Ensure that studies involving attitude or opinion surveys are approved in accordance with AR 600‑46. 

(14) 
Ensure that research personnel hired in support of this study receive appropriate institutional orientation and appropriate documentation in a personnel file maintained by principal investigator (IAW MAMC Reg 600‑10). 

____________________________________ 
________ 

Signature of Principal Investigator 


  Date 

____________________________________ 
________ 

Signature of Associate Investigator 


  Date 

____________________________________ 
________ 

Signature of Associate Investigator 


  Date 

Signature Page

Principal Investigator’s Service Chief (if applicable):

I have reviewed this protocol with the investigators for: scientific merit, experimental design, expenditure of money and man‑hours, and risks and safeguards in the use of human subjects.

This proposal is forwarded with my full support and approval. 

_______________________________ 

________ 


Signature (w/ Signature Block)
Date 

Principal Investigator’s Department Chief:

I have reviewed this protocol with the investigators for: scientific merit, experimental design, expenditure of money and man‑hours, and risks and safeguards in the use of human subjects.

This proposal is forwarded with my full support and approval. 


_______________________________
________ 


Signature (w/ signature block)
Date 

Department Chief’s Medical Monitor Recommendation:

I recommend to the IRB the following individual be assigned as the medical monitor if this protocol is deemed to require one.

Name:

Dept: 

Phone:

Concurrence of recommended medical monitor:


_______________________________
________ 


Signature (w/ signature block)
Date 

INCLUDE SUPPORTING DOCUMENTATION HERE

Required by All:

1. Original, signed Investigator’s Statement and Signature Page.

2. CV’s for all Principal Investigators, Associate Investigators and Technical Staff listed on the protocol template.  Hardcopy should be included with the protocol application; however, electronic copies may be forwarded to DCI for convenience and future use.  
As Applicable:

1. Pathology Impact Statement (required if study has any laboratory testing)

2. Pharmacy Impact Statement (required if study uses any drugs, placeboes, IND or otherwise)

3. Nursing Impact Statement

4. Radiology Impact Statement

5. Clinical Investigation Impact Statement

6. Other Impact Statements (as applicable)

7. Consent Form (Consent form is not needed for retrospective chart review or less than minimal risk survey studies)

8. Figures / Graphs / Appendices

9. Data collection sheets / Questionnaire

10. Letters re: loaned equipment

11. Memorandum re: acceptance of gift/donation

12. Conflict of Interest Statement

13. Advertisement Request

PLEASE NOTE:  

If your proposal requires the use of children, animals, or investigational drug or device, or your protocol requires participation in a sponsored study or in a group oncology study, please call DCI staff (See DCI Contacts.doc) for special requirements and/or forms and templates for these types of protocols.  
