International Journal of Research in Nursing

Original Research Paper

Nitrogen Narcosis in Hyperbaric Chamber Nurses

Y?Denise F. Blake Derelle A. Young and*Lawrence H. Brown

'Emergency Department, The Townsville Hospital, Douglas, Queensland, Australia

2School of Marine and Tropical Biology, James Cook University, Townsville, Queensland, 4814, Australia

3Hyperbaric Medicine Unit, The Townsville Hospital, Townsville, Queensland, Australia

“Mount Isa Centre for Rural and Remote Health, Faculty of Medicine, Health and Molecular Sciences, James Cook University,
Townsville, QLD, 4814, Australia

Article history Abstract: Hyperbaric nursing has become a specialty requinig skill
Received: 24-09-2014 and knowledge. Nitrogen narcosis is a perceived for all inside
Revised: 03-10-2014 hyperbaric chamber nurses. The actual degree odiimpnt at pressure

Accepted: 16-12-2015 has not been quantified. Twenty eight subjectsigpated in the study.

Corresponding Author: Sixteen hyperbaric nurse _candidates and five espeed hyperbaric
Denise F. Blake, nurses completed Trail Making Test A (TMTA) pre gkt compression
Emergency Department, and at 180 kPa and 300 kPa. Seven experiencedidayjestaff acted as
The Townsville Hospital, an unpressurized reference. Time to completiom@tést was recorded in
Douglas, Queensland, Australia seconds; pre-test anxiety and perceived symptonma@sis at 300 kPa
Email:denise.blake@health.qld.gov.ali  were also recorded. There were no statisticallpii@ant differences in
the corrected TMT A times at the four different éirperiods. There was a
trend to poorer performance by the nurse candidattd80 kPa however
this was not statistically significant. Most sulifedelt some degree of
narcosis at 300 kPa. Most hyperbaric chamber nwanpsovercome the
effects of nitrogen narcosis at 180 and 300 kPenaintain or improve
performance in the TMT A. Poor performance by hppec nurse
candidates maybe due to individual susceptibilitylack of ability to
compensate. Due to the risk of nitrogen narcostsidel chamber staff
should continue to make clinical decisions abotiepacare.

o

Keywords: Nitrogen Narcosis, Hyperbaric Research, Psycholgysing

Introduction to oxygen. The inside nurse attendant breatheduaing
either treatment other than during the final stagés
Hyperbaric nursing is a specialty involved in teg&c  decompression when they breathe oxygen. It follthas
of patients receiving hyperbaric oxygen treatment. there is a widely perceived risk of nitrogen naisder
Nurses, from a wide background of experience iriolyd  the inside nurse. Consequently the outside stakienadi
emergency and critical care, complete training in the patient care decisions and the inside nursenes
hyperbaric and diving medicine. Hyperbaric nursing the skills at the request of the outside staff. Eeev, the
courses include both theoretical knowledge andtigac  actual degree of impairment in inside nurses hadeen
skills to equip nurses for working in the hyperbari quantified. While much research has been done on
environment. The nurses must be medically fit tiveti SCUBA divers, mostly in deep diving (Biersneral.,
and perform training dives during their courseduding 1978; Whitaker and Findley, 1977) in water and ig d
a compression to 300 kilopascals (kPa). chambers, (Petri, 2003; Gallway al., 1991)no studies
SCUBA divers with decompression illness are treatedhave investigated the effect of nitrogen narcosis o
in hyperbaric chambers using standardized treatmenhyperbaric chamber nurses.
tables. Two initial treatment tables are commordgdiat Nitrogen narcosis was made famous in the Self
The Townsville Hospital Hyperbaric Medicine Unitagd  Contained Underwater Breathing Apparatus (SCUBA)
Royal Navy 62 (RN 62) treatment table prescribesdiving community by Jacques Cousteau who called it
compression to 180 kPa and the diver breathes oxyge “l'ivresse des grandes profondeurs” or rapture loé t
The Comex 30 treatment table prescribes compression great depths. Cousteau and Dumas (1958) It was
300 kPa and the diver breathes heliox (50% helincth a correctly associated with the narcotic effects itfogen
50% oxygen) until 180 kPa where they are changed ov breathed under pressure by Behekal. (1935), but its
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precise mechanism of action still remains contreiar  time to complete TMT A and an increased number of
Experimental evidence supports the importance oferrors. As no formal assessment of susceptibility t
hypercapnia in divers but variations in alveolar ,CO nitrogen narcosis is performed during hyperbaric
tensions seems to have little effect on the magaitof ~ hursing courses, the aim of this study was to gfyant
the nitrogen component in compressed air narcosisthe effects of nitrogen narcosis on both experidrared
Bennett and Rostain (2003). The traditional vievs weaat ~ hovice  hyperbaric  chamber nurses during a
nitrogen was an inert gas, highly soluble in lipisl not ~ Compression to 180 and 300 kPa.
involved in biochemical processes. However, mocent
work has found that nitrogen acts on nerve cell brames ~ Methods
interfering with impulse conduction (production jesse
and uptake of several neurotransmitters) mostyligelthe
synapses (Rostaaal., 2011). Ethical approval was obtained from the Townsville
The signs and symptoms of nitrogen narcosis haveHealth Service District Human Research Ethics
been described as similar to those of alcohol Committee. (HREC/09/QTHS/2) Twenty eight subjects
intoxication: Stimulation, excitement, euphoria and participated in the study. Relevant demographica dat
slowing of mental activity with delayed response to including alcohol consumption, body mass indexbscu
stimuli. Early investigations demonstrated thaa alepth  diving experience and age were gathered from the
of 30 metres of sea water (msw) (300 kPa) there issubjects’ diving medical examination record. The
impairment of memory, concentration, calculations, intervention group consisted of sixteen hyperbaric
powers of association and fine motor functions als®  nursing candidates and five experienced hyperbaric
a tendency to fixate on ideaBehnke et al. (1935)  nurses. This group was pressurized to 300 kPa@stiae
Intellectual functions are generally more seveedfgcted part of the hyperbaric nursing course. The nonsunézed
than manual dexterity. Increased concentration caryeference group consisted of seven experiencedibge
ameliorate these effects. The effects of nitrogarcesis  staff currently working in the hyperbaric medicioait.
are variable, with some divers being more susdegfitan Al participants who were pressurized had a current

others. It may be potentiated by emotional insitgbil  Australian Standard 4774.2 2002 dive medical. \ahitt
alcohol use, fatigue, hard work, apprehension amiety. informed consent was obtained.

Frequent exposure to compressed air may afford some
adapta_tion (Benn_ett _and Rost_ain, 2003). _ _ Materials

Various subjective feeling scales, physiological
measurements and cognitive function tests have been The hyperbaric chamber used was the triple lock
used to assess for nitrogen narcosis. Subjectielinée  rectangular unit located at The Townsville Hospital
scales have attempted to equate the feelings @igait Townsville, Queensland. The pressurizations were
narcosis with that of alcohol intoxication (Montegt al., undertaken in the inner lock, which has a working
1996; Hobbs, 2008) or delineate the effects ofetypdr ~ Pressure of 500 kPa and is used when completirighan
other emotional factors on the onset of nitrogercosis. 62 or Comex 30 treatment table. A certified hypeba
Biersneret al. (1978); Gallwayet al., 1991; Davist al., technician operated the chamber fOI’. all pressiioiast
1972; Rogers and Moeller, 1989; Hamiltetnal., 1995) The TMT A was used as an objective measurement
Studies using physiological measurements havef mental impairment during the pressurization. TMWT

included heart rate and blood pressure (Biersri#&y) is easy to perform, requires ho objects th"?‘t caneot
balance (Rogers and Moeller, 1989), EEG Changeﬁcompressed and does not require an extensive ammbunt
(Pastenaet al.,, 2005) and critical flicker fusion ime to complete. Thus using TMT A does not inficen

; " the bottom time of the practice dive and does aqtiire
frequency. Balestrat al (2012) Many d|ff_erent cognitive adjustment to the decompression schedule. TMT A was
tests have been used in the research of nitrogeasigmand

. s , . initially developed as a test in the (AITB, 1944)davas
no clear ideal test for quantifying nitrogen naisd®s yet  incorporated into the Halstead-Reitan battery grofip

been identified. The cognitive function tests thave been  tasts in 1958. This test has been used to assess th

used to measure nitrogen narcosis can be catejon@e  general intellectual ability of USA Army recruitAITB,

four behavioural endpoints: Reaction time, mental 1944) and to detect cognitive ability in aging ey
arithmetic, memory and manual dexterity. The spetast  (Stutts et al., 1998), dementia in the elderly (Reitan,
chosen in each study appears dependent on théyfacil 1958), portal systemic encephalopathy (Conn, 197d)
accessibility to equipment and the type of subjects inert gas narcosis. Jakovljevat al. (2012) It assesses

This study was designed to determine whethervisual scanning, number sequencing and visuomotor

nitrogen narcosis occurs in hyperbaric chamberesirs speed. NBN (1997) The test is designed so thathyeal
during compression to 180 and 300 kPa using Trailindividuals should be able to complete the testess
Making Test A (TMT A). It was expected that mild than 30 sec. However age and education level haea b
impairment would be seen at 300 kPa with increasedfound to influence results and normative data ifidt

Participants
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by these variables have been developed and sudgeste several training skills unrelated to the study. jScts
providing better reference values for impaired breathed 100% oxygen throughout the decompression
performance (Tombaugh, 2004) and improving thefrom 140 kPa to 0 kPa as required during a normal
reliability. NBN (1997) TMT A consists of 25 decompression from a Comex 30 or RN 62 treatment
sequentially numbered circles distributed on a slsée  table. TMT A version 4 (T4) was completed on arfriva
paper, which the candidate must link with a pen inpack at 0 kPa prior to exiting the chamber. Theehtyaric
correct order whilst their performance is timedeTime technician responsible for compressing the chamber
taken in seconds constitutes the ‘score’ for thel.te gngyred the dive was within the table limits. A éngaric
There are four variations of the TMT A availabledan ?hysician was in attendance during the compressions
:jrzﬁi}éuns\zﬁ:o%iqug()?u)nd to have the same degree o The refergnge group perfo_rmeq an identica}l sequence
¥ bari 't ” .t ide the chamb ted " of tests at similar inter-test time intervals whiteated
yperbaric staft outside the chamber acted as UM&qiqe the chamber, but without pressurization.ré&tveas
keepers for each test (one time keeper peryavs a minimum of two staff in the reference grou

subject).Participants were asked to rate theirll@fe testing sessions to approximate the testing envieon.
anxiety about the 300 kPa chamber dive during their

first (baseline) TMT A assessment; after their last
assessment participants were asked whether they fel
like they experienced nitrogen narcosis at 300k a All data were entered into a Microsoft Excel 2003
if yes to describe the feeling as nitrogen narciss@so  (Microsoft Corporation, Redmond, Washington, USA)
known to be expressed in a subjective componentspread sheet and then exported into SPS Version 19
(Hamiltonet al., 1995). (IBM Company, Armonk, New York, USA) for
Typically, the TMT is performed under direct anallysis. Fisher's exact Test (FET), Analysis of
observation with errors in the number tracing seqae ~ Variance (ANOVA) and Kruskal-Wallis (K-W) test
identified and corrected immediately. This was not Weré used as appropriate to compare baseline
possible in this study as the timers were outsiithe ~ demographic variables of the study groups. _
hyperbaric chamber. To adjust for this, the TMTnier For the primary analysis, each subject servedeis th

; : . " own control. We determined change in TMT A time
were reviewed following completion; where partioifs from baseline to each pressurizationg as well asgd in

missed @ number in their sequence tracing, a timeTMT A time between each pressurization. We also
penalty of 2 sec was added to their score for eaair. determined the number of subjects who “failed”

The two sec is an estimate of the time required for ., octed TMT A time >30 sec) at each protocogsta
redirection of the subject_by the timer if an erf@d Although TMT A times were normally distributed
been noted during the testing. across all study groups and all time points, charige
Design TMT A times were not universally normally distrileat
Thus, we used Wilcoxon Sign Rank test to evaluate
Prior to entering the chamber a ten number practicechanges in TMT A time between each protocol sté¢e.
test was completed to ensure that the subjectsrsiocde also used FET to evaluate associations betweencdivig)
the instructions and could perform the test. The feelings of narcosis and “failing” TMT A. A p-valless
hyperbaric nurse candidates were then divided intothan 0.05 was used to establish statistical sigmifie.
approximately equal sized groups (three or four) to
perform the pressurizations. Each group had anResults
experienced hyperbaric nurse as the inside atténtihe
subjects then entered the chamber and were cofblffprta
seated. Prior to compression the subjects gradeid th
subjective experience of anxiety about the 300 kpas
exposure (none, mild, moderate or severe). Tes
instructions were then read (and were re-read gaor
each of the four tests). A different ‘parallel foraf the
test (in which the numbers are arranged differgmntigs

utilized fqr each of the fou_r test repetitions penfied by that they felt some level of narcosis at 300 kPae O
each subject. TMT A version 1 (T1) was completed at g hiect, 'nurse candidate 2, had the feeling ofghsiary
kPa and the pressurization subsequently commenaed a 4, nk” at 300 kPa, but had reported no anxiety rpioo
rate of 30 kPa per min. TMT A version 2 (T2) was the pressurization and performed the worst at 188. k
completed on arriving at 180 kPa. TMT A version3YT  (Table 2) Another nurse candidate, who had no @nxie

was completed on arriving at 300 kPa and pefore the pressurization, stated they felt “hajpmyl
decompression was commenced after completion ofembarrassed” at 300 kPa.

Data Analysis

Hyperbaric nurse candidates were significantly
younger than staff, but otherwise there were no
ignificant differences in demographics between the
ressurized group and the reference group. (Taple 1
here were fewer males than females in the preseiiri
group which is representative of the gender distidin
in the nursing profession.

Most (71%) of the experimental group subjects dtate
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Table 1: Baseline Demographics

Nursing Reference

Candidates Nursing Staff Group Significance
N 16 5 7
Male [n, (%)] 4(25) 2(40) 4(57) FET, p = 0.368
Age (mean + SD) 34(7) 44(4) 39(9) ANOVA, p = 0.038
SCUBA experience [n, (%)] 6(37.5) 1(20) 4(57) FETE p.444
BMI (mean + SD) 26.8(4.2) 26.8(4.2) 25.9(4.4) ANOMA= 0.875
Drinks/Week (median [IQR]) 2 [1-4] 10 [3-11] 4[3-6 K-W, p =0.143
Anxiety [n, (%)] 10(62.5) 1(20) N/A FET, p =0.355
Symptoms of Narcosis [n, (%)] 12(75) 3(75) N/A FPpTs 0.648
Table 2. Raw results Trail Making Test a completiome in seconds; number of errors; corrected time

T1 Time 1 T2 Time 2 T3 Time 3 T4 Time 4

Type T1 Errors Corrected T2 Errors Corrected T3 ot Corrected T4 Errors Corrected
Candidate* 1 24 0 24 19 0 19 17 0 17 13 0 13
Candidate 2 21 0 21 45 0 45 22 0 22 14 0 14
Candidate 3 22 0 22 34 1 36 24 0 24 22 0 22
Candidate 4 17 0 17 21 0 21 22 0 22 27 0 27
Candidate 5 33 0 33 26 0 26 21 0 21 23 0 23
Candidate 6 16 0 16 26 0 26 24 0 24 14 0 14
Candidate 7 37 0 37 33 0 33 22 0 22 28 0 28
Candidate 8 24 0 24 15 0 15 14 0 14 16 0 16
Candidate 9 16 0 16 18 0 18 14 0 14 15 0 15
Candidate 10 25 0 25 25 1 27 15 0 15 30 0 30
Candidate 11 21 0 21 26 0 26 18 0 18 28 0 28
Candidate 12 19 0 19 14 0 14 14 2 18 13 1 15
Candidate 13 25 2 29 23 2 27 18 1 20 21 0 21
Candidate 14 19 0 19 23 0 23 19 0 19 23 0 23
Candidate 15 14 0 14 19 0 19 21 0 21 27 1 29
Candidate 16 17 0 17 21 0 21 27 0 27 16 0 16
Experiencedt 1 24 0 24 26 0 26 29 0 29 28 0 28
Experienced 2 22 0 22 21 0 21 22 0 22 27 0 27
Experienced 3 17 0 17 11 0 11 12 0 12 11 0 11
Experienced 4 20 0 20 21 0 21 18 0 18 22 0 22
Experienced 5 21 0 21 16 0 16 16 0 16 17 0 17
Reference¥ 1 17 0 17 31 0 31 20 0 20 24 0 24
Reference 2 16 0 16 18 0 18 14 0 14 13 0 13
Reference 3 28 0 28 21 0 21 25 0 25 31 0 31
Reference 4 14 0 14 12 0 12 16 0 16 15 0 15
Reference 5 16 0 16 14 0 14 15 0 15 15 0 15
Reference 6 24 0 24 17 0 17 15 0 15 23 0 23
Reference 7 17 0 17 14 0 14 16 0 16 16 0 16

*Hyperbaric Nursing Candidate, TExperienced Hypebiurse, ¥ Non-compressed Hyperbaric Staff

Table 2 shows the raw results. Two nurse candidateseference group, including the 95% confidence iraks
exceeded 30 sec at T1; a third nurse candidate tmwade for the corrected TMT A completion times.
errors at T1, but applying the 2-sec per error ipestll did Table 4 shows the median and inter quartile range
not put this subject over the 30-sec thresholdr Baobjects change in TMT A times at each protocol stage. From

exceeded 30 sec at T2 (180 kPa), including thresenu paseline to T2 (180 kPa) there was not a statiffica
candidates (one of whom exceeded 30 sec at T1pmad  gjgnificant change in completion time. There was a

reference subject; three nurse candidates comneitteds decrease in TMT A from T1 (180 kPa) to T3 (300 kpa)
at T2; again applying the penalty for errors ditl mat any : PR
subject over the 30-sec threshold. All of the stisje While this difference between T1 and T3 TMT A

completed the TMT A in less than 30 sec at T3 (308), times was not statlstlcally s_|_gn|f|can_t, the deema
even after applying the penalty for two subjectsowh betwgen T2 and T3 was significant. F'na”y’ theasw
committed errors. At T4 one of the reference subjec MO difference between the TMT A times recorded
exceeded 30 sec. One nurse candidate accidentall}fter return to sea level and those recorded atadny
swapped test one and four but got the same tind@ sec the other protocol stages.

on both tests so they were included in the analysisle 3 Table 4 also shows the results of subgroup
shows the mean corrected TMT A times for the two analyses for nursing candidates and experiencd] sta
experimental subgroups and the reference group;IFig as well as those subjects who reported subjective
graphically compares the corrected TMT A timestfar feelings of narcosis. These results mirror thos¢hef
two subgroups of the experimental cohort and theoverall analysis.
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Corrected TMT time by time point (depth) and
subject type

I Corrected time at T1
I Corrected time at T2
I Corrected time at T3
I Corrected time at T4

30 =
25
w @©
g ] ] ]
g 20
@ 4
751
15
10
T T T
Candidates experienced references

Type of participant

Fig. 1. Mean and 95% confidence intervals of Tikédlking Test A times for each group at each timepoi

Table 3. Mean_($D) Corrected TMT A completion times, seconds

Test 1 Test 2 Test 3 Test 4
Candidates* 22.14+6.4 24.848.1 19.9+3.7 20.946.2
Experiencedt 20.8+2.6 19.05.7 19.4+6.5 21.0£7.1
Reference¥ 18.945.1 18.1+6.4 17.3£3.9 19.616.6

*Hyperbaric Nursing Candidate, TExperienced Hypahurse, ¥Non-compressed Hyperbaric Staff

Table 4. Median (interquartile range) change in TMBetween pressures, (seconds

Change in Pressure

Experimental Group T2-T1 T3-T1 T3-T2 T4-T3 T4-T1
Reference¥ (n=7) -2 (-7t0 +2) -1 (-3to +2) +1t04+4) 0 (-1to +6) -1 (-1to +3)
p = 0.394 p = 0.395 p =0.932 p =0.223 p =0.863
All Compressed (n=21) +2 (-5 to +4.5) -2 (-8 to3. -2 (-7.5t0 +1) +1 (-2.5 to +5) -1 (-1to +4.5)
p =0.701 p =0.197 p = 0.030 p =0.338 p = 0.466
w/ Subjective Narcosis (n=15) +2 (-5 to +4) -2 (t0r2) -3 (-11to +1) +2 (-4 to +5) -1 (-8 to +4)
p = 0.569 p =0.207 p=0.018 p =0.629 p =0.245
Candidates* Only (n=16) +3 (-4.8 to +5) -1.5 (-808+4.3) -4 (-10.3 to +0.5) +15(-3.8t0+5.8) 51810 +4.8)
p = 0.392 p =0.244 p =0.018 p = 0.587 p =0.410
Experiencedt Only (n=5) -1 (-5.5t0 +1.5) -2 (-5+5) +1 (-1.5to +2) +1 (-1 to +4.5) +2 (-5 to.5%
p =0.416 p = 0.450 p =0.577 p =0.336 p =1.00

*Hyperbaric Nursing Candidates, TExperienced HypedNurses, ¥Non-compressed Hyperbaric Staff

There was no association between subjective feeling Discussion

of narcosis and the results of the TMT A at T2, FET1.0

Nitrogen narcosis is a condition caused by bregthin

(Table 5) and no subjects exceeded the expecte¢ompressed air characterized by euphoria or anziety

completion time of TMT A at T3.

Table 5. Association between subjective narcosisd
exceeding expected TMT A completion time

Subjective Narcosis?

TMT A Result Yes No
Failed 3 0
Not Failed 12 4

FET p = 1.00; sensitivity = 0.20; negative predietvalue = 0.25

impairment of performance and reasoning. The

conventional view taught on diving courses is that
an hitrogen narcosis can become apparent to diveeghing

air at depths of 30 msw (300 kPa). However, some

researchers have suggested that impairment frongait

narcosis can be seen at shallower depths. Peti3)20

Daviset al., 1972; Synodinos, 1976; Fowler, 19R&)d

signs and symptoms of nitrogen narcosis can be seen

from 100 to 300 kPa with more severe manifestatifns

hallucinations, unconsciousness and death at depths
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greater than 900 kPa. Lippmann and Mitchell, (2006)that those subjects who felt less intoxicated after
The Comex 30 treatment table is used in Austrblit,  drinking also felt less nitrogen narcosis during a
more commonly in the UK. (Sharpe, 2008) This simulated dive to 500 kPa (Monteigb al., 1996)and
requires the inside chamber nurse to breathe @0@t  those more affected by alcohol were affected teeatgr
kPa, raising the possibility that they might be &med  degree by narcosis. Hobbs (2008) However, a link
by nitrogen narcosis. ) ) between drinking history and nitrogen narcosis
This study found that while most hyperbaric nurses susceptibility has not been established and this
have subjective feelings of nitrogen narcosis tohap phenomenon is probably related to individual
overcome these effects at 180 kPa and 300 kPa t@usceptibility. Hobbs (2008) The three hyperbaricse
maintain (or in some cases improve) their timed cangidates who did exhibit obvious decrements in
performance in the TMT A. While we did not find any performance at 180 kPa declared minimal weeklyhaito
statistically significant degradation in TMT penfaance,  ingestion. This individual variation in suscepityil to
three hyperba}ric nurse candidates did exhibit aba/i(_) nitrogen narcosis may place some staff and paiets
decrements in performance at 180 kPa, possiblyysk and perhaps assessment of hyperbaric insidee nu
indicating an effect of nitrogen narcosis (Table™)ese  candidates using the TMT A at 180 and 300kPa could

apparent cognitive decrements in inexperiencedestd]  gentify those more susceptible to nitrogen nascosi
could be interpreted as validating concerns abbet t

potential for errors by attendant staff breathing a
common treatment pressures. However, it is nottiale
two of these subjects subsequently performed batter The lack of a convincing demonstration of nitrogen
300 kPa, when nitrogen narcosis would be expeaied t narcosis with a clear dose-response at the increthen
worsen. This result is difficult to interpret, biitraises  greater ambient pressures was somewhat surprising
the possibility that the initial decrement at 18%akmay  although consistent with a recent study. Jakowjeval.
be related to factors other than narcosis. Theatigson (2012) However, our study has several weaknessgs th
of ‘becoming accustomed to’ the initial deep may have distorted the result. First, TMT A is artil
compression may have impaired performance. These wainstrument and may not have been sensitive enoaigh t
also great competition between the participants,find a difference. Strauset al. (2006) Two previous
represented by friendly banter, as they heard #resp Studies have used the Trail Making Tests to assess
drawing lines on other participant's pages perhapshitrogen narcosis. Gallwagt al. (1991) used a battery of
leading to performance pressure on the candid@ites.  tests including TMT A and B. Gallwagt al. (1991)
candidates may not have thought that they should befhey found no evidence of nitrogen narcosis and
“narked” at 180 kPa and therefore may not have planned on repeating the testing with a longerggkst
concentrated as hard on the test at that time point pressure prior to implementing the tests. A rectudy
The focus of most research on nitrogen narcosis ha@tt€mpting to assess impairment during mild nitroge
been in the scuba diver (Hobbs, 2008; Davial., 1972; narcosis with sub anaesthetic levels of nitrousl@xised
: ' ' ” ’ terized visual simple reaction time as \asll
Balestra et al., 2012; Synodinos, 1976and not a compu L ;
hyperbaric nursing staff. Attempts have been maxe ¢ TMT A and B. Jakovljevicet al. (2012) They did not
not only measure the effects of nitrogen narcosis b 1nd @ significant impairment in performance stgtthat
also to develop methods of adaptation especialiyife itrqglrf:eliitlrr:)(;“e/:?lrjlglrc\(;ii”sa“on to the dose required
profe_ssmna.I diver. This has met with little succes A test interrogating a wider range of cognitive
ﬂ:et”’ 2003; Rogedr§ and Moellehr, 19?rsner, 1&?7)’ domains may have been more sensitive such as TMT B
owever some studies suggest that subjects ”?35’ @8 \\here the subject has to draw a line from the nunibe
compensate for the effects of nitrogen narcosisi 2603)

A ; X to letter A up to number 12 and letter L in an ralé&ing
Our results support this finding as we did not f@ty  taghion. However, one study using TMTs to assess

statistical difference between hyperbaric nurse hepatic encephalopathy found that TMT A was
candidates and experienced hyperbaric  nursegfficiently sensitive to detect changes and easiet
performance. However, the three hyperbaric nursefaster to perform than TMT B. Conn (1977) Practice
candidates who did exhibit decrements were not&cub effect may also become an issue using TMT B sirsce a
divers and therefore inexperienced with narcosisof yet there does not appear to be access to fiiaremt
perhaps suggesting naivety to the ability to corspén variations of the test. Practice effect could actdor
There is an assumption that nitrogen narcosis isthe improvement at 300 kPa but there was no sigmifi
comparable to intoxication with alcohol, leadingthe difference between test 1 and 4 for all groupsrsatice
term “Martini's Law”, where the effects of nitrogen did not seem to be a major factor.
narcosis are likened to drinking one martini focled0 The subjects were unblinded and motivated to
msw. Studies looking at this relationship between perform well. The pressurization to 300 kPa wag par
alcohol intoxication and nitrogen narcosis havenfbu the hyperbaric nursing course and therefore aljesit

Limitations
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were aware of the possibility of narcosis. Thereswea should remain outside the chamber with the outside
reduction in TMT A times from T2 to T3 lending nurse attendant and all decisions about patien¢ car
evidence to the hypothesis that perhaps the nurseshould be made by surface support staff not under t
compensated for any effects of nitrogen narcosis byinfluence of increased partial pressures of nitroge
concentrating harder on the task at 300 kPa. Itdwas Further research is needed to identify and validage
been long been thought that nitrogen narcosis sconr  best cognitive and motor tests for assessing rétrog
arrival to depth (Pastera al., 2005; Synodinos, 1976; narcosis in hyperbaric chamber nurse attendants.
Fowleret al., 1983) so our testing was performed within
five minutes of arriving at 300 kPa. A recent stdioynd Funding Information
that, using critical flicker fusion frequency, inipaent
was worse after 15 min at 323 kPa than upon initial ~ The authors have no support or funding to report.
arrival at pressure. Balestet al. (2012) Perhaps our
results would be different if the nurse candidates Author’s Contributions
performed their training skills first and then cdetpd
the TMT A prior to depressurization.

Even though TMT A has been used to study )
nitrogen narcosis in the past it has not been s ~ Ethics
for his purpose and the clinically significant cganin

; . i This article is original and contains unpublished
TMT A completion time has not been previously . i .
. material. The corresponding author confirms thabél
determined. Our study was adequately powered to

detect a five second change in TMT A times. We tbun the other authors have read and approved the naptusc

a mean increase of approximately 2.7 sec in TMT AaanI no ethical issues involved.
time from baseline to 180 kPa among our primargtu
group. For a three second difference in TMT A to References
achieve s_tatistical signjficance would have reqliiee AITB, 1944. Manual
sample size of 27 subjects. Whether a three seoond
five second change in TMT A time is clinically
significant, remains to be determined.

Future plans would be to increase the numbers o

All authors equally contributed in this study.

of directions and scoring.
Washington, DC: War Department, Adjutant
General’s Office.

fBaIestra, C., P. Lafére and P. Germonpré, 2012.

participants in the study by performing the TMT Attw .Persi.stence of critical flicker fusiqn frequency
each successive nursing course and/or changing/tt® T impairment after a 33 mfw SCUBA dive: Evidence
B which may be a more sensitive test to detectlsubt of prolonged nitrogen narcosis? Eur. J. Appl.
impairment by nitrogen narcosis. NB{4997) Nurses Physiol., 112: 4063-4068.

could also be assessed during routine 18:60:30 DOI: 10.1007/s00421-012-2391-z
treatments or during RN 62 and Comex 30 treatménts. Behnke, A.R., R.M. Thomson and E.P. Motley, 1935 T

performance test designed to replicate a nursisg, ta psychologic effects from breathing air at 4 atmesgs
such as medication calculation or ventilator change pressure. Am. J. Physiol., 112: 554-558.

would better assess and identify any clinicallynéigant — gepnett p.B. and J.C. Rostain, 2003. Bennett and
fgp?l(i:c?apt?r?élIt%/hetostzgg)gaer? q nbal‘irr?giflls t?;[e p;ﬁf::;engtlh Elliott's Physiology and Medicine of Diving. 5th
pressure level and performing the test prior to _. Edn.,Saunders Ltdl,SBN-lO: 0702025.712’ pp- 800.
depressurization may show different results. Biersner, R.J., 1987. Emotional and physiologidtdats

of nitrous oxide and hyperbaric air narcosis. Aviat
Space Environ. Med., 58: 34-38MID: 3814030

Conclusion _ :
Biersner, R.J., D.A. Hall, P.G. Linaweaver and T.S.
There was no StatiStically Significant differenoghe Neuman’ 1978. D|V|ng experience and emotional
Since most of the subjects stated that they fefbeso nitrogen narcosis. Aviat. Space Environ. Med., 49:
degree of narcosis, this suggests that TMT A mdybro 959-62 PMID: 678246

sensitive enough to detect mild levels of narcosis, . : .
(Strausset al., 2006) and the current practice of not Conn, H.O., 1977. Trailmaking and number-connection

allowing the inside nurse attendant to make anyomaj tests in the assessment of mental state in portal
decisions while at 180 and 300kPa should not change  SyStemic encephalopathy. Digest Dis., 22: 541-550.
The inside chamber nurse attendant should alsoauk m DOI: 10.1007/BF01072510

aware that narcosis maybe present at 180 kPasaa is Cousteau, J.Y. and F. Dumas, 1958. The Silent World
not previously emphasized. The hyperbaric physician 1st Edn., pp: 32.

50



Denise F. Blaket al. / International Journal of Research in Nursing£® (2): 44.51
DOI: 10.3844/ijrnsp.2014.44.51

Davis, F.M., J.P. Oshorne, A.D. Baddeley and I.M.F. Petri, N.M., 2003. Change in strategy of solving
Graham, 1972. Diver performance: Nitrogen narcosis psychological tests: Evidence of nitrogen narcosis
and anxiety. Aerospace Med., 43: 1079-1082. shallow air-diving. Undersea Hyperb. Med., 30:

PMID: 5076607 293-303.PMID: 14756232

Fowler, B., 1972. Some comments on a behaviouralReitan, R.M., 1958. Validity of the Trail Making Steas
approach to nitrogen narcosis. Psychol. Bull., 78: an indicator of organic brain damage. Percept Motor
234-240PMID: 4560790 Skill, 8: 271-276. DOI10.2466/pms.1958.8.3.271

Fowler, B., S. Granger, K.N. Ackles, D.E. Holnesgla Rogers, W.H. and G. Moeller, 1989. Effect of brief,
G.R. Wright, 1983. The effect of inert gas narcosis  repeated hyperbaric exposures on susceptibility to

on certain aspects of serial response time. njtrogen narcosis. Undersea Biomed. Res., 16:

Ergonomics, 26: 1125-1138. 227-232 PMID: 2741255

DOl 10-1080/00140_138308963448 Rostain, J.C., C. Lavoute, J.J. Risso, N. Valléé Eh
Gallway, R.A., J.T. Millington, C.L. Wolcott, A.F. Weiss, 2011. A review of recent neurochemical data

Mirsky and W.G. Van Gorpet a., 1991. on inert gas narcosis. Undersea Hyperb Med., 38:
Neuropsychological consequences of hyperbaric 49-59. PMID: 21384763

nitrogen narcosis. Arch. Clin. Neuropsychol.
DOI: 10.1093/arclin/6.3.186
Hamilton, K., M.F. Laliberté and B. Fowler, 1995. Scientific Meeting
Dissociation of the behavioral and subjective :
components of nitrogen narcosis and diver Strauss, E., E.M.S. Sherman and O. Spreen, 2006. A

adaptation. Undersea Hyperb. Med., 22: 41-49. Com_pe_zndiu_m of  Neuropsychological ~ Tests:

PMID: 7742709 Administration, Norms and Commentary. 1st Edn.,
Hobbs, M., 2008. Subjective and behavioural resgens Oxford, University Pressjew York,

to nitrogen narcosis and alcohol. Undersea Hyperb.  ISBN-10: 0195159578, pA-216.

Med., 5: 175-84PMID: 18619113 Stutts, J.C., J.R. Stewart and C. Martel, 1998.nvg
Jakovljevic, M., G. Vidmar and 1.B. Mekjavic, 2012. test performance and crash risk in an older driver

Psychomotor function during mild narcosis induced population. Accid. Anal. Prev., 30: 337-346.

by subanesthetic level of nitrous oxide: Individual DOI: 10.1016/S0001-4575(97)00108-5

susceptibility beyond gender effect. Undersea Synodinos, N.E., 1976. Selective impairment byogién

Sharpe, F., 2008. Clinical experience with Comex 30
treatment table. Abstract SPUMS 37th Annual

Hyperb Med., 39: 1067-1072MID: 23342763 narcosis of performance on a digit-copying and a
Lippmann, J. and S. Mitchell, 2006. Deeper Intoifiv mental task. Ergonomics, 19: 69-80.
2nd Edn. Divernet. DOI: 10.1080/00140137608931515
Monteiro, M.G., W. Hernadez, N.B. Figlie, E. Takaha ~ Tombaugh, T.N., 2004. Trail Making Test A and B:
and M. Korukian, 1996. Comparison between Normative data stratified by age and education.
subjective feelings to alcohol and nitrogen nargosi Arch. Clin. Neuropsychol., 19: 203-214.
A pilot study. Alcohol, 13: 75-8. DOI: 10.1016/S0887-6177(03)00039-8
NBN, 1997. Memphis: The University of Memphis narcosis measured by dual-task performance. J.

Appl. Psychol., 62: 735-46.

Neuropsychology Lab. The Trail Making Test, DOI- 10 1037/0021-9010.62.6.735

Neuropsychological and Behavioural Neuroscience.
Pastena, L., F. Faralli, G. Mainardi and R. Gadliar
2005. EEG patterns associated with nitrogen
narcosis (breathing air at 9 ATA). Aviat. Space
Environ. Med., 76: 1031-103@MID: 16313139

51



