'-'__--necoc.mzmc oesopnmem. m'rumﬂon?_ L
K succsssmL uss 0|= THE OESpPHAGEAI. DETECTOR' R

 DEVICE COMBINED WITH A DISPOSABLE ENDTDAL
o "_-_-cmon moxms 'DETECTOR

* Pletor Adriaan Bothma.

A dissertation to the Facuity of Medicine, __‘._univérsity'_ of the
Witwatersrand, Johannesburg, in fﬂlﬁlment'ofthe requirements forthe ”

" degree of Master of Medic_i_ﬂé {in the branch of Rnaesth{esia'l.

' Johannesburg 1994.



L.

:_oesophageai intubatlen By combining two reilable dewces working on -

_The purpose of- this study was to evaluate the cembmed use of the

. {unr.eﬁb'g'nlzed‘_: -qesﬁﬂha Qea-l Fn tub ai;_idn_ .leeds' -t_e | death or Se_veré_: Idi_'siib'i“t_‘lf :.
. Even careful, 'Weui:faihe’d’ anaéstneﬁsts may be unable to differentiate
| 'tracheal from eesophageai Intunation bv the commonlv empfoved methods -
| End tldal carbon d!exxde measurement has been found to be a reliable test - . o
" oftracheal intubatlon The avallabmtv of asmall disposable end-tmal Carbon" S
_ _dloxide detector, the Easvcap makes this -Facmtv unwersanv available The - :

_f_,-oesophageal detector deuice is a smali mechanrcal de\nce used to r‘ecognize o

"completelv different princ:ples the risk of false negatwe or ’Palse positlve'

o resuits are vlrtuallv elimlnated The petentlal defects of each devlce are

L

-cwered bv the ether

oesophageal detector device and the Easvcap bya blinded observer to. |
'diﬁerentlate tne endotracheal tube - from an oesophageal tube ln slxtv* o
K patients These two fests were Found to be very 1eliable easv, rapld and '_ e
': _cheap |dea| for use m tneatre, casualtv departments and ln the Fleld The'
| advantages and. dlsaevantages ofthese devlces are dlscussed and there!evant-_ o

: _: Ilterature ls reviewed
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o .-pnfesn £
In Seuth Africa !SA} there are hundreds of small poerlv equlpped perlpneral '
' hospitals where the need for srmple but rellable equipment is greater than _

_ anywhere else The devesteting resuit: of unrecegnlzed oesepnageal -

E __intubation Is encnuntered in anaesthesla as well as emergencv medlcine and_' T

_ it cccurs In peripheral as well as scpnistlcated hospltals Nobodv, ne matter- s L

: hOW experienced is Immune from thiS dreaded cempncatlen

: The purpose of this studv was to. evaluate 2 ccmbination of twc new

e techniques to ccnﬁrm correct endetracheal tube (ETI‘] placement

- The apparent relrablhtv, ease and raptdltv of using these devices clescribed m

_the uterature rnake them ideal fer use in this crltlcai s!tuatlon In adclitlon ”

mlmmal exeense is required, wh:ch makes ]t affcrdable in every lecatlcn-.s-_-,_f

- where patients mav be mtubated
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_ Leurens with the plannfng and compietion of thlS studv as we!} as the wrltlng’ S
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A summarv cf the studv pretocel results and brief discussion of the Iltereture '
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. Recognizirig oesophageal mtubation' successﬂ.ll

- -""-uee of) the oesophageal detector de\nce
o combmed wrth a dlsposable end—tldal carbon

E __'-dloxide detector

S !ng'rodiz'ctioﬁ'. E

| _'F“aCheaI intubation is, 2 common procedure In modern medlcal praotrce L

- |ndivtduals of dif-Ferent background and 1eve!s of tramlng are reqUired to .
" lntubate oatlents in the ODeratmg tneatre casualtv department mtensme .

- careunit (ICU) hospital ward and at the accident s:te in theatre lt may be

E elect[ve, under controlled conditrons with tecnn:caLand medlcal backup n

other siuatlons it may be a llfe savlng procedure f,under less than !dea!_'_'

_clrcumstances

| Anaesthetlsts are usuallv regarded as a[rwav experts anor therefore the o
" .janaesthetlc experience with lntubation will be emphaslzed Re\rlews of- )

N anaesthesia-related mortalitv and morbidlty have shown that urft:llagnoeed

- oesnphageal Intubatlon is an important cause of death L permanent

. disabilxtv Rev:ewlng morta[itv studies throughout the WOf;u makes one

aw__are of the magni_tude of the p:\'oblem. '

K



a4 united ngdo o

- - The Report: on Ctmﬂdenttal Enqumes mte Maternal Deaths in Eng!and and
o -Wales found that four out of twentv—two deaths due to substandard care
o ‘were es a-result of undiagnosed oesophageai mi:ubatlon Substandard care .
'_'__was not enlv regarded as deﬂc;ent clinical care but also 3 shortage of '_
o | resources Thls IS prebabiy a much bigger problem in & developing country' |
llke SA. Feur deaths over three years due te oesophageai intuieatlen mav not :'
B __be strlking, but the magmtude cf the tragedv beccmes- obvious when one_’- |

- . COH&'QET‘S that most caesarean SGCtiOI’I patlents are VOUNQ, often Wlth small-

: chlldren and abcme all that tnese deaths were deemed tobe avoldabie

oy

~All cases reported tc the Medical Defence Ur‘lon (MDU) ln the United i(ingdom '
UK frcm 1970 to 1 977 were analvzed bv Uttmg and assomates 2 It was fcund _

: '--tnat one thli“d ie; ﬂftv ot of 163 cases of death or cerebrai damage were

' due to oesophageai intubatlen

12 Austrglig //

_ Hoiland analvzed a/'{ deaths pcssibiv reiatec! to anaestnesia in Austra}ia- B
between 1969,?.«16 19?9 -Outof 109 deatns whlch ceuid be sald to be Iargelv_ " -

due te ,,ri anaesthetic mishap, four were due to oesophagea! Intubatien-

: \\ S
1.3 Unitec! States of America

Peri-operative cardiac arrests In a |arge universltv hcspita! were analvzed bv :

Keenan and ‘Bovyan. ° TWenty seuen deaths were feund to be caused bv

_anaesthesia lor:e Feur of these were due fo unrecognlzed oesophageal

mtubatlcn The ASA CIcsed Claims studv anau,- c-d 1541 closed ma!practice

B f.claims,- : oescphageal .intunatlon -w_fas found in ninety f-our- of th_e_se. "

_2_
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\
; const{tut!ng 6% 0f the total Net a[l tnese cases died but serlous: :

E -'compllcatlens were seﬂn In tha ma_uority of the suruwers

14 §gl.|i:h Rfriea | R _ |
. The 51tuation mSoutn Afrtca mav even be more serlous slnce\a con5|derable_ j

_percentage of anaesthetics are admmistered by pract:tnene‘%) wltn ilmited

' anaestnetlc traming Cnticallv ior m]ured patrents are frequent!v managed o

: lnltlallv nvjunior staf? inthe casualtv depa‘tmentf medIcal ward orICU. These
: patients often rleed urgent endetracheal intubatlon {EII) under suboptlmal
_condltlons witneut ne!p OF expenencee celleagues or sephlstlcated S
equ;pment = . |

| _The earliest SA investlgatlon mte tne cause ef death under anaesthesia was'-_ .

| nublisned n ’19“‘? 'f_ ETI was not mentloned as a cause of . cleath L’J‘Ider

o _ anaesthesla Tnis is rllet surqusing, slnce ETI has. dnlv been practfced en a

.regular base smce an"ﬂtn and Johnsen used curare m 1942 and more $0O after o

_tne dlsceverv ofsuxamethonium In 1951 T

‘The CSIEZAnaestnetl_c Deatns Research unit a'nal\}zed:944 eeaths-'frer’fi‘ﬂ 9s6to. .

' ;'1962 'Er'l: complicatlens Is"rn'ehtiene'd but oesobnageat Intubation'was not

_ _recognized as a cause cif death v In a later report thev found Inadequate o :

: -ventllatlon the cause ,n 21% of deaths  They did not specl‘r’v oesﬁiphageal _
intubation at all. sennet comearee a fourteen months perlod in 19?8!’1979 "

to tne 1974 - 1978 perlod K ' Six out of seventeen deatns were due to airwav : |
or vénfjlat!on preblems but eeﬁophageai Intubation Wwas net 1dentifled as an )

important preblem

.l“



o lntubatlon in etg_ht, ETT obs_tructio_n i_n nine; swere hro_nchospasm. ln_four, and.

+ The %act'that' o'esopﬁageal Iﬁtuoation- was not idehtiff?e'd as-an i"r'noor"tant o

_-_The most recent SA moh “ty study Is that of Hart Ison. " He. analvzed the-__' |
"anaesthotic ::ontrlbutarv de;ths (A(‘D] at Groote schuur Hospltai for, the". |

| permd 1956 to 2987, He foknd ETL comphcattons resoonsxole for twenty six o
 out of 145 ACD' 5 (18%1 “The most promlnent of these mishaps were failed_ P

disconnection or ETT dislodoomeﬁtfin_ five. No deaths due to oesoihageal
 Intubation were identified.  His eariler publications Studying perlods
__'_overlapplng with the aboue also dio not loentifv oesophageat intubatlon as o _.

”_a cause of death 18 o

5 contributorv cause to anaesthes[a reiated deaths mav Indlcate that SA o S
- forens!c pathologists were not aware af th‘o Importance of tnis compucatmn .
| Nevertheless the experlance of the rest of the world dompels 50uth Afrlcans _

5 also to do thelr utmost to avoio unrecognlzed oesophageal lntubétlon S



. ) Te rule out accrdental oesephageal intubatmn, the ldeal test should satlst

B cer‘tatn criteria

24 §n' g’elﬁeig »

" The test needs to be spemﬁc lt should be negative when ossophageal

_' mtubat{on does not occur

| ,2 SGHSItI\nﬂ

. The test shouid be hfghly sensitive ie It must be pos:tive Whenever _

} _oescmhageal mt:ubat:on does occur

 The Itkellhood of oesophageal mtubatmn should be mgn when the test ls

: nomtlve

' 2.8 False positives
The test should have no false positives.

_ S False negatlve

_ .'it Is not essentlal for the fa 158 negatlve rate t‘o be zero asitls WIth the false_ )
positive rate. If the test falsely s_uggests oc mphageai- Intubatlon,_ the .
'anaestnetist wil merely remove the ETT and repeat ET'i- The false negaﬁ!ve:_'

rate should hewever be Iow so as to a\mld unnecessar'v remova! pf the ETT g

’ arld reintubatlon, espemaliy in the CPR mtuatton where everv second is crucia!



L explanatorv | e,

at everv site Where patlents mav have to be Intubate:i

. . - L. M
. -'-‘n;s:""

The same authors étso lndicate that the nsk uf mtssing an oesophageal;if |
o _intubat:on can ba reduced bv using more thari one clin_Icéﬂ s1gn or N

\-{--

. 'conﬂrrnatorvtest"‘ T S

The: terms “false positive’. o “fé'!se negative’ or even. ""positive"' a'nd._--_g
- "'negatlve may be cnnfusmg I5a tube found to be in the oesophagus a ..

‘oDD, "oesophageal mgn or "tracheal sign" will be usnd because thev are self~ o

'__g.s Price. awmmlitg and slmglicitz - e e P
- 'j_The |deal test shnuld also be easv anq rapld to do. Thie result shouid be CIear-ﬁ L
... and easv to Interpret The equipment shoulﬁ be smali and dght for ease of R

' '.transport 1t should also be cneap enough to make the equlpment available_ |

B Dosltlve or negatlve finding? For this reason in fur‘ther discussions ofthe



" Inareview of the literature, Birminghar: et al * emphasize that most of the,
| commonlv utihzed methods of assessmg ETI' posltion have been documented-

o fail under certam clrcumstances Solazzi and Ward emphasnze that even--_f

[ 1||

a'_cons_cien'dous, careful anestheslologist mav be unable ‘to difFerent[ate

| trabhéal frb_n'_i esopnageal lntubai__:lon by _the comm_onlv- empl_oved me‘th_ods“.-

T

e Table 4'-|-ists 'se'\.-e’ral diagnoé‘tic -testé’ tnat"'aré "ffequehtlv c‘lai'med fo'be- B

- _reliable mdlcators of trac:heal Intubation Rdferences mdlca‘clng fallure 0? E |

each test |s aEso added 1t can be concluded that ro sing!e test can exclude_.

| oesophageai mtubation under all cxrcumstances Each person that is called{_- L

_"unon to manage tr'at:heal intubatlons should naue a working knowledge of -

| f*the strengths and weaknesses of each induwdual tESt



Cowa

3 TABLE :, ngtg to conf:rm_
.':eported dcubtful or unre”i"l':r'“ults, L

ETI an _refer nces

"Tést

| Reference

'”-Se91ng ETT Ketween vocal cords.

_ Charauterlstlc Feel of lung ccmpllance'
I;Wlth reservoir. bag. - _

17, 26

 18 

| Normal breath sounds on auscultatlon
~ t of the chest whlle compressmng the - -
bag, = : _

15, 18,
19, 20

21

. ':fvlsual and/or manual conflrmdtlon ‘of
{bilateral chest expan51on on o
Cinflation. . S '

19, 21

19

.Absence of borborygml on eplgaatrmc

o Lack of gas escaplng-arbund the tube.-

auscultatlon

| Movement . of the reservolr bag in time

fae, 2t

| with the patient’s respiratory sffort.

Appearance of, moisture from expiréd
{ gases in. transparent tracheal tubes .

| Abgence of changes in blood pressufe
_ox heart rate.~ .

* 24,'25f."

10,

fEscape of gas from the’ lunga through -
the open end of the endotracheal"tube.

when the sternum is abruptly

| -depressed

19

11,

Chest X.ray

.“. 205'

S1l2, |

..  19_

13,

;Laqk Df dlstentlmn of the stomach

Measurement of ET CO

14,

_Palpatlon of cuff 1n suprasternal

noteh,

30, 52-58

2

ﬂf*" —_— ﬁ‘_n:
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_3' \rsuanzat]on Of the ETT passlng between the vocat cord Is e?ten regarded as' '
absolute evtdenceoftrecheal mtubatlon & One wets documented exceptlon o
‘to this mle is seen with eongenital larvngo-tracheo oesophagear cIeFt R . N
N | "The tube may be seen passing between the vocal cords, but then the tpmay
- he dlsplaced over tne mferlor margln of the cleft mto the oesophaQUS o ._
'7 Another poss!ble exception s aoqulred tracheo-oesopnageal {-'\tula secondary :_' o o
to trauma cercmdma or lschaernic necrosls Ne\rertneless eemg the ETT
| 'passing between the vocal cords stiil remam the most retiable evidence of '.
~ eorrect, placement of the ETT. Unfortunatelv, due to anatomic.al factors the:-_ .

: 'cords are not Invariablv vls!b!e and tnerefore other retlabie tests are also._

nested e

(1

| End-t!dal carbon dloxlde (ET cog measurement Isat present eernapstne most L
rellable means under most clrcumstances of determlning preper tube--'
N -'posltlon and should be emploved routinelv whenever possnble s Due to the s .r
- _ exdense capnograons are not freelv availabje and are mest commonlv found? |
. In tne operatmg theatre comnlex, occasnonallv in some. ICU S and very rareiv'-' _. -
at otnerlocatlonswnere patients may need tmgent ETI, Morgan oelleves tnat_:_ h
capnograohv Is the ldeal dlagnost:c test to conﬂrrn ETI, 1 however it Is

' Import:ant to reallse that end- tidal CO detection Is not an absolute method o

of conflrming E1T nlacement (see chapter 7.4 &7. 5)

L The Amerlcan Societv of Anesthesmloglsts {ASA) cammlttee on Profess]onaI
= Llabiutv analvzed twentv ine anaesthesla related lnsurance claims in wh;ch o

= oesophageal intubatron was the. cause of Injurv n elgnteen of these cases |



: 'auscultatlan conﬁrmedﬁ' ETI md!catlng the inaccuracv of- this wldelv trusted

o

]

placement of the ETT The comblnatlon of two quu:k tests witn the usuai

-~ clinlcal signs may make assessment of the ETT pos:tmn easv and rellable .

. b
Y

T clear that no single test or cnmcal sign is Foolproof J.Ike ln manv other S
- A
cnrﬁca} situatlons, a comblnation of slg ns. or tests Is used to conﬂ‘m tmcheal v



| E‘—Eﬂ‘ﬂl’ment used in -'_t.ﬁi'i’#ti*ﬂ

'sever‘ll hours before the: Indlcator faded

o . o TR
=, .‘J|

"4.1 End-tuqai rhen giogsdg detecto _
“The Easvcap (Nel!cor} Drevfeusiv known as the FEF ET cezedetector (Fenem).--_ R

N _ (FIg 'n is a smau portable deuice wh!ch is Jnserteci into the breathlng svstem o
'_ between the tracheal tube. and catheter mount The detecter welghs less' o
o then 309, has an mternal volume of- Saml and it offers mmlmal reslstance to' o
_'flow “ The dome. of the devlce Is clear pla*'ttc !ﬁ[jth a visible coloured B
_ - membrane which is normaliv purple Thls indleeg "é less than 03 % Cg

' presen‘t If- more COZ IS present the membrane cnanges to veliow en '

yoE

: exhalation and on’ each Insplratfon the cemur returns to: purp!e agaln o

' AreunId the outs{de of the deme a colour ceding Is provlded as a reference.
A wl ET CG of up: to O 5% a greyish—purple coteur is rioted B: between 0 5 L

._'and 2 % abrewmsh coieur is evicient C Mere than 2% has a ﬁeﬁnlte veliew |

: tmge.

o The n'(ethod of actlon depends ona chemlcal pH lr'dicator (metacresel purple) .

reac‘tlng with exhaled carbon dloxtde ((202) to produce a corour change from

| purpie to vellew 2 The Easycap has been found to be as reliable as the' o
capnegraph for conflrmlng correct placement of the ETT % and is a useful

N substTute when a capnograph is not auallable It does not need electrical'!_

powe and can easnv he usecl In the ﬁeld or at the roadslde The Easvcap has '

~ been found both usefut in adults ~ and in babes, 2% It has been usedin
- the presence of nitrous oxide, nalothane, ethrane and lsoﬂurane Arthough |

- deslgned for short term use-it has been IeFt in the anaasthetlc mrcu:t fer' R



LB
Fig. 1 The Easveap' endtidal 00, detector.
Arothercheap ar'cl apparent!vrellableapparatus tsthe oesopnageal detector. S

: ’dev:ce IODD} descr‘bed bv wae 3 The 0rig|nal dewce consists ofa 60ml" S b
' syringe with a catheter tip fitted to one end of 2 standard catheter—motjnt,_;_" S

a0

| WIth a15mm tracneal tube f-lttlng at the dlstal end (Fig. 2). The device must: A

_ ' _be completelv airtight In order to functmn reliab!v This can be msted slmmv :
by occmdlng the dlstai end with a f‘ nger and pumng back on the plunger if _.
. resistance oF negative pressure is folt and malntained it is suitable for Une .



 Fig.2 The oesophageal detector dev'ice;' Flftv mt syringe. (top) fitting in

catheter mount (middié) constltutes Wee's orlglnal moclel The Baragwarlath___'

o model (bottom has Fewer potentiat leaks

s _ Unfortunateiv the original devsce was prone to air leaks occuring at seuer'al .

| -junctlons This was rep!aced bv the Baragwanath modification which has onlv' "

_ two Junctlons. {Fig 2) 1t consnts of a GOml {uer-L ek svrmge wttn a T- !ece o

_connector' joinlng it fo the ETT. Sidestream capnogr‘aphs use a T-piece that
B Ideal and quite cheap. Certam paedlatrlc -T—plnce cnrcults aiso have asimilar

) metai or plastic connector that can be used eg Pot’i;exR and most anaesthetic- .

- -worksnops have slmllar.connectiot_l_s‘_ This ODD is attached to the tube- o

a3 -



4.5 ODD iAodifications

Ll

degree of suctlen or negatwe pressure created

with tie fracheérl tUbe' ca'n'-ecev placed, 'witneraWai of the pluheer Of the .

slgn N\a resmtance wm be felt apart from that lnherent ln the de\nce

cennecter to ensure an airtrght seal, The opposrte open end of the T-plece L

15 closed wd:n the Index fi nger, gimng the mvestlgator an Indlcatlon of- the L :

: svringe Wlll freelv aspirate air from the patient‘s alrwavs because patencv of
the trachea is ensured by C-shaped cartrlage rings. This Is cailed a tracheal- a

However, 11" the ETT is in the collapsable oesonhagus witndrawal ef the o

plunger wm cause the walls ef the oesophagus to ecclude the u stal oru-“ ce of-

the tube, ancl cause a negatwe pressure or resistance when the plunger rs N .

E pu!led back, This is calied an oesophageai sIgn This Immediatelv mdlcates |

- be taken % Tne ODD has been found 1:0 be equallw,rr accurate inthe presence -

_' of a nase-gastnc tube ¥ and afso in cmldren older than two years of age

Discussed in chapter 2.2. .

b Nunns modtﬂcatlen

i

' connected d!rectlv to the ETT with a tube connector AR advantage isthat

. "';the:._apparatus. can be used With one “hand. However at the stage that

*the patient and to prevent displacement Mmost anaestnetists prefer to

-_that the tracheal tube Is mco*rect!v Dlaceﬁt and allows approprlate steps to. -

| L comprises an Eillck’s evacuator @ self-inflating rubber bulb) and is _.

" confirmation of ETT placement is performed the ETT is usually not secured to



\ .

o support it wlth one hand wmch makes Wee's or the Barag\ntanatn uérsion q*:'q-_ .

| 'the 0DD quite easy to use in comunctlon with the other hand

'{\ .

- __'The-vat:uurﬁ created with the Ellick's evac'uatdr Is-7.4 kPa or more beldw
h atmospher*c and is potent!al!v harmful m pat!ents w;th thin walled varlces- '_ '
) or e\ren to the nermal oesephageal mucous membrane It ls verv Important R

- 1o note that the use of a smeller self {nﬂatmg rubber bulb mav.v make the'_ s

: _ _apparatus unreliable

o Ha es an e on’s e\n

o Thev chose a 5ml P!astipa k" svrmge with the nozzle of the syrmge wlthm the - o

"'nroxlmai portion of- a corrugated tube connector They were ccmcerned -
'18 Chljd tO the

Ty,

that the Boml ‘;‘sgringe :n the orlglnal ODD mav be subjectlng ]

- risk of aspiratmg an excesswe proportlon qf a smalt

'-:capacltv(see Chapter?B) T ' ﬁr

”The dlsaduantage of their version s that a smaiier svrmge wlth a smaller o -

cress-sectrona! area of the piu nger wm generate a greater negative pressure .

B whlch couid be harmfui toa smail chrld a ln addltien thls may. partlv explaln

the poor resu:ts obtalned bv tham :



: "needing ETI

A

\,f

5 method gf 'lnve_stﬂigatign,_;_

W

)

' '-Tne studv consisted of two sub groups of uat:ents

. 7

The reason for 1ncludmg the Iast group of patients Is to Investlgate the effect | E

Preweus studies en!v e;tﬁmmed patients wrth normal eesonnago gastrlc;;_- .

structure and function. % g

) BVER

Each' '-patlenf was anaestm“ lsed bv the anaesthetlst en dutv Wlth reut[ne'

o _and ETI; the patient was stabilize.d. ‘A second, similar, endotracheal tubé was

minutes then dtscon erCted from the breathlng cu’cult and presented to the'

Investigator (PAB.) with only the proximal end of each tube- visible The

| .-'Apnroval was obtained from t the relevant authorities and w:twqtersrand o

.-3_-Group A Thirtv ASA ml natlents Wlth no known oeSOphageal abnormahtv. :

c,rOup B: 'rhirtv caesarean sectlon patlents witn a hISLOI’"Y l.». severe neaﬁ:bq_rn v o

o menltonng eiectrocardlographv, non Invasive btoed pressure measurement S
“and pulse exlmetry. The'type of induction and _malntenance;"ere selected by
 the duty-anaesthetist as indicated by the cll_nlcal-st_i_:uatien. Astef Induction

* % anInserted In the ossophagus with the refative position of each tubg inthe

~ mouth allecated rand omly. The patient was vent:lated wnth 100% (:)2 for. four

“-lnvestzgator Who was biinded for tne poss*len of botn tubes had te o

_'umversitv Ethics Committee. Informed consent was obtained from alz': T

. ‘ofan Incompetent oesepnageal gastnc: sphincter on tne rei:abihtyer tne ODD Co T



o n wnich free alr ﬂcw occurred was identiﬁed as the tracheal tube

defermlne Which tube was in the trechea and wnl”ch If%the oesophagus The

'ODD was ﬁrst connec:ted to each tube the plunger withelreem and the one' e
s

o
#

k]

B The next steo was to uent:late each tuoe through the Easvcap 10 confirm the

| tracheal posltron bv ’che change m colour.” The putse oximeter was observed o -
bv the anaesthetlst to ensure adequate oxvgen saturatlon durine the test _
" oerfod which was not allowed to exceed thlrtv seconds The t!me needed for .

Conﬂrmatlon was recorded The potient was then reconnected to the

= -_'ventllator and the oesophageal tube was removed bv the anaesthetist.

"
ob - 0 ;
: oL ,’-_fi
}
)

oo

7



.6 Results

S un all s:xtv patients of- group A DILIS group B “he oesephageal and the tracheal

e _tube were easnv ancl com-'identlv ldentlﬂed with the ODD and conﬂrmed bv T

o _the Easvcap n'abte llJ Thls was alwavs achieued in less than twenty seconds :

. wlth a mean of tweive seco_n_ds__anci- a range of eight to nlnete_t_an seconds.- o

OESOPHAGEAL INTUBATION | TRACHEAL INTUBATION {
| CORRECT = | TNCORREGT . | CORRECT | INcORRECT
GrROUP A 1| 30

eRove B | 30 | o | 30 | o




' mtubations have been recorded in patients ofder than one vear

I cifr'scussed In chapter? .. _

T

ERE

R

: ;'-.one hundred percent accuracv in slxtv cases does not mean the ODD B

3333 41-!17 GnIV

ﬁve f-atse oesophageai reports coutd be found "-‘-“"“9 in four of these the

e tube had o be rempved due to uarious technlcal problems 5,19 i the ﬂf"h

c:ase there 1s some controversv over tne test result T nese flve cases wlfl iie

“discussed in chapter 7. 1 Wafal et al invastlgated a variatwn In techn[que,

'_ uslng Nunns mocuﬁcation of the ODD. © & Thev used a 20ml lnsteacl ofa 70ml
buib but the res utts were unrellable Users are advlsed tu avold the smaller

. 3 _hulb if thev declde to emplov Nunn 5 mocliﬂcatipn

"l

.’«_‘.'

B ._'__'foolproof but 799 correctlv d‘agnosed oesophageal and 3211 tracheal B

- Resuits in bables under one vear of age were aiso’ disappalntmg ang wm be o

| in a recentlv publlshed studv 4 500 tracheai and 181 oesorjhageal Intubations

o jlwerte correctlv dlagnmed m everv case The sgnsitlvltv, speclﬁcltv and |
predicti\fe value For tf‘ﬁs imxestlg atian with the ODD were all. found to be one 5

hundred per cent. Ac¢ord ing to the above crlterla (chapter 2) the ODD could

: be called the 1dea} methocl to conﬁrm ET!

PR
[



71 Ealse'oesdphag'eel_sign with t!ie__ opp

S

~ Afalse oesophageal sign could at most lead to the unnecessary replacement

of a correctly placed | ETT. Bearing in mlnd the Well;knewﬁ}ﬁdlctu'm "If_ln

" doubt, take It out", the five false negatives out of 3-211’tra;:héal Intubations

“even, thousands of cortect dldgnos are not remarkable and probablv not -

s really negligible: Ideally this figure shoutd be very low as well to avoid

unnecessary. 'repla’éement' of the ETT In the CPR. situation. A-ls'o when

_accompllsmng a verv difficult ETI, removmg the ETT unnecessarlly Is extremely

'counter procluctive If one keﬁ ~publication blas tn mlnd the ratio of ; |

&

- correctlv diagndsed tdmtdrref agnOeed ETI" s JS probablv a jot b,etter A
false oeaonhageai stga‘ is remark\ameanﬂ wurtn pabhs‘ulng, but hundreds or

| reported The fiue False nr.gatives MH he analvsed in detai!

€-.'.

o _a__gase rg;_)orted by wg _ E
in one case the olaserver‘ W"" JI"ISUI‘E! of the test result and removed the ETT

¥ The «Flrst tube was Found to be bldcked bv purulent secretlons Obstruction '

' of the ODD by mucous, b!ood or gastrlc contents in the trachea \i gl glue the

same r'eslstance to alr Fldw as with oesophageal Intubation As wlth
oesaphageal Intubatlon an obstructed ETT needs to be replaced and cannot

be regardedf isa fallure of the ODD

_mporwd bv C._lder @J;.a_ _ .
\ After fibre-optlc bronchoscopic intubatlon of a patlent, the ODD gave a false'

_oesophageal slgn - They inserted the bronchdscope again and conﬂrmed .

tracheal piacement but found-_tne beuel of the ETTlying against the pns_terl_or .

- tracheal wall. The tube was rotated through 90° and the ODD then confirmeq.



/

' tracheai placement These authors speculate that tne use oF unformed tubes

| _'oredisposes to this. comollcation ‘They belleve that the muoous membrane .

ooverlng tne postenor tracheal wan may be sucked into the ETT-if tne bevei_ L

s Ivlng agalnst lt since the mucus membrane Is unsupported by oartltage

They suggest that with preformed tubes the bevel will alwavs polnt towards
tne slde wall of the tranhea and will then proba blv be iess Iikelv to cauae false .

oesophageal signs with the ooo L

.Wee suggests that the bevel of the ETT mav lae more nrone to oocluslon bv
the traoheal mucosa In obese patients and When there is a degre° of E
N distortion of the tracnea (see onapter 71 c} Endobroncma! !ntubation mav -

also Ieao to distortnon of the ETT I the narrower rlght main bronchus “ He G |

- also Droposes that vigorous asolration mav enoourage adherence of- the ETT- ,

" '_ bevel to the tracheal muoosa constant slow asplratlon is prooablv adequate-

by

precaution ano will also --orevent damaee tothe traohea! (or oesoonageal)ﬂ
-. rnucous membrane I reslstance is felt, Wee' s advice is to retract the tube

Al cm, to rotate it partrallv and then to reoeat the test before removlng the-

: *'E'i_"l_‘t“\\ E
#

- When utllizing' the ODD, _the use_:of a\M’urDh\) tvpe_ ETT IS fhvaiuable to obviate
' tne above complication in aod'iti.on'to the original goal of the Murphy eve,

* namely to aflow ventilation when the bevel of the ETT Is occluded. #

Cases reported by Bars

Two cases with gross distortion of the alrway anatomy were reported. They
__'t)l*ol)al;'l\rl needed replacernent bv arr: ured tube or even bv rigid -

-br.on__choscope. t“_- A thlrd case w:th severe asthma also hao a false



g oesophageal slgn Baraka surmized that severe bronchoconstnctmn of the .
_-sman alrway wouid lead to slow re-mﬂation of Nunn 50DD.

. This thé‘drv Is diSputed b\';'Wéé ) had the per's‘bﬁél ﬁpportunl'tv to t'est'-tne_

" ""'_ODD aﬁ:er mtubatlon m eight patients that needed urgent ETI for Severe’ |

_asthma ln all of them the ODD was unequtvocal However with any new'_"__ L

medical equipmen‘c or techn!que anv adverse report must be regardecl S

serlouslv and investtgated carefullv

e
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72 Falge Trae heal.si gn with thg opp

- F'_“..l"

A false tracheal test could have disasterous results when oesophageal .

~Intubation is mistaken. for tracheal intubation. It Is remarkabie that none

such c'a'ses' had been repert'ed in patlents older than one vear whien standard

. equipment was used The exceptiens are the group under one vear of age '

oo dzscussea in chapter 10 and a studv with a 20mi lnsteacl of 75ml bulb "“-_ L

Potential causes e-F a false tracnea[ sign \mth the 0DD are all assomated with B
gross structura! abnormanties of the oesophageal—gastrlc area B '

' a Hratgg her ia gr achalasi

- A large h!atus nerrﬂa er achalasia fnvomng the mid and Iower tn!rds of the o

. oesophagus mav alrow the t:p of the E'rr to reach an airﬂiled cavltv ¥

' '-_Inserted Inte the oesopha;us P\Splration with the svringe mav ailow free SR

. _ﬂow ef- air and confnm "trachea[" Intubatlen lf not combined wn:h the o

' Easvcap or slm;lar cle\nce

. b Oesonhag td:vertieulum

LIkewtse a large oesephageal dwertlculum could be mlsleadmg, but are usuallv -
y ln the Dhar‘vngeal area associated with the mferlor COnstr!ctor and unlikelv_

' to be at the level of the ETT tap IF it is lnserted n the oesophagus

'Q._EEQIHLM _ _ o _
Marked inferior eesephageal sphlncter incompetence as eccaslonallv seen in -

o pregnancv mav theeretlcallv allew air from the gastr%c bubble to escape mto .;' N _'

the eesophagus and allow free asplration with the 0ODD. In our serles oi‘ thirty -

~ cases, hone. were even sught!v doubtfui &



- d Prlér mask vemtrlation

" "me theorv that prlnr mask. ventilatlon mav fnrce gas mto the: oesophagus__ B
. wnth false 'resuits ® has been disproved in aduits on manv occaslons Wmiams- L

" aﬂd Nunn Insuf-ﬁated SOml of alr Into the oesophagus before asplrat!on and :

SR \mth twu tidal voiume comprej}snons of the reseruolr bag to slmulate normai _'
o practlce after ETI = His resuits were‘ﬁ/ot adverselv Influenced bv tms prior |
. ventilation. I the Baragwanath-studv half. of group A received nor--

depolarizmg musge relaxants and were mask ventllatecl prior to Intubatlon |

-The traché’al and oesophagea! tubes were as easv to dlfferentlate_ln ’chese o

- caSes as i the others

L Howevér Wee and Walker suggested that the ODD should be uqed before L
am.r Insufflathn thmugh the tube in chﬂdren, partlcuiar[\t wltn tne smauf_-_

_volume asmratmn recommended bv them

i

o -'__'j_:had no erronous results.* Wee deliberatelv msufflated thfe oesophagealtube D



. : 'some verv oisapbointmg results were pubn‘snecl in tn_e under One vear age )
_ _._-:.groop bv Hayes and Morton Thelr methodelogy was d“’ferent arld_ o
- '_orobablv suspect Thev used a modified ODD A 5ml Plast;pakh S¥rlnge was .-

. se'e"ted ’W‘th the nozzle of the svrlnge within the pro><lmal portlon of a_'::'- :

| corrugated tube connector R The greater negatlve pressure created by a2

o Sml svrlnge mav m an lnf-ant or neonate collapse the softer trachea onto the -

_ ET“ bevel in a simllar fa.,hion to the collapsable oesophasms -_

N

_ '___They asmrated Sml onfv ano coulcl easulv o!fferentiate oet\lfeen oesonhageai_ T

' and tracheal tube placement ln 2 later studv flftv oesophageai ancl flftv.

:':tracheal mtubatlons were easllv and. raoidlv olagnosed n one hundred'

0 __-cmldren aged ane to ten vears 3“ Unfortunatelv, onlv two chlloren in the age
- Qroup one to two \(ears were mcluded therefor}E no conciusmns regarding

. the accuracv of tne ODD in children under two vesrs. of age can be made. For o

© - this reason another studv in the under two years aoe group Is being planned R

v In tne Baragwanath ECU ln order to reach a conclusmn

'_-"Anotner group B ho@ever found l:ne use of a 50mi svrlnge qulte satmfactory o



_74 Farsé negati aresultg w:th gagnggragh! Y

-:”Low or absent ET co values are known to cccur 1n patrents wlth cardlae o

. arrest sz WIth the less sensitive Easvcap It is abvlous that doubtfu! results .

mav be obt’rlned in cardlopulmonarv resuscitatlon (CPR) sltuatlons

: _A b]g Ieak around an uncuf—fed ETI' in the prﬁsence of posltive end explratorv

: pressure (PEEP) can also leaci to failure to detect ET CO,. 5 Tacnnlca! probiems -

'- '_ with the Capnograph has been descrlbed to cause fa!se negative results and

'mav not: be Immediately obvious under the stressful clr”umstances ofa .
dlﬁ" cuit ETI. B The simpltcitv of the Easvcapa is g big advantage in thls_-___ |

- d.respect

o

= lead to the unnecessary chang.ng of ETI‘ n the CPR situation nowa-' Mp e\rerv -

| second is !rnportant anr:l therefore the use of the ODD combmed with 1. P _f e

- :'Easvcap becomes essential o R

o 'Faise negatlue results are usuallv not. Immedlatelv n{-'e-threatenlng, but mav HEE



Fal

o The most common cause of- co in the stomachu!s pr:or mask \rentnatton L

' 'Tms usualiy disappears aftera few ventllat!ons 5 Anntner source of co In the'

ER stomach that could lead o fa Ise positive resufts Is prtor ingestlon of. antacids 3

oor carbonated neve: ages” =5 L electwe or semi-emergency anaesthes!a the |

o hlstorv is usuaiwr c!ear but n the case of emergencv mtubat:non tnis possibllttv '

.needs to be consiclered at ali trmes Usmg the ODD in comunctlon wlth the :
. Easvcap agam improves tne a[agnostlc accuracv conslder\blv
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;. 18 :gnncﬁrhs about the Easyeap®

: False posrtive and faise negatlve results seen mth capnographv are pmne to

L occur wltn the Easvcap as wel!

a_usein gaediatrics o

o The deadSpace of aaml is excesswe for use m spontaneousw breathlng bables

A practlcai smution has been offared by Hu:.;gtns 2 He placed the device.,-'f‘.

‘between thie open tlled bag and the exniratorv limb of the Jackson Rees

o modiﬂcation of the Ayres T-pleca cnrcuit. The end-tidal co, concentratlons_ -
B wm be dIIuted bv fresh gas flowing into the explratorv nmb but he. stm found '-
it acnurate The reliabmtv of this mode of testing needs to be establlshed n

a blgger serles since It has been shown that small tldai volumes had a

- With controlled ventilation for a short period the risk of rebreathing should
- be negligi'ble Hundred percent sensltlvltv and 100% specif!ty was found o

3 In twenw‘one tracneal Intubattons and tnirtv tm ee oesophageal Intubatlons_ D

" _slgn]flcams ef-fect on tne coiour Indicator at dliutions of 0 5% and 1% I:T (:0 ;

~ In newborn piglets weighing 2.1 to 34 kg, ‘The same group found 100%

o ac'curac'__\:'i inall p'aedi_a_t_ric patients in a subseguent study except In those with

- cardiac arrest, where it was unreliable ® as indicated ¢ fer chapter 7.4

b Inacti\f_atlon of- Indlcator

o The Easvcap is not speclﬂc for CC)2 It Is composed of a pH- sensltlve indlcator .
] wh_lc_h re_acts_wlth__all acidic solutions. Gastric contents.contaminating the

 device gives an -orange“discblouratlon to the indicator, but it s a permanent -



" . change and the breatn bv bredth varlatmn Is lost 2 Drugs uke atmplne, -

. adrena!lne or Itgnocame aII have a pH of Iess than 5 93 When admlnlstered

| "\na the ET!‘ durmg CPR thev could easnv inactivate the indicator wrth a
..Dermanent y'eliow colour ' e

i

' e Reprea’c ng ventllation SVS'Cem

' "When rebreathlng ls occurring eg in a Bam or; Mapleson D svs“em the usuab
_ breath bv breath colour cnange wﬂl not be seen as inspirec! air contains rnore

5_\.

tnan 2% co L

- d Effect of poor, ughtmg and icolour-bnndness

: wee's concern that the I:asveap mav be unre]iable wnen Ilghttng Is poor or

;""rr_]ves_tigation. . -:- o o R o n ;

. . a . )

@ Thg Egsycgg is ugreliabl

- when the abserver Is colour—bnnd has been challenged ” and neeﬂs furtner L

' Extremely nngatlve conclusions were made bv 3um Ping and’ assoc:ates 5 _'

Their m;un crat:crsm s about the daEector's nmmatlcms durlng CPR and after
carbonaf’ed beuerages or antacldst wmch haa been dlscussed w!th rﬂqards to

_capnographvmchapter?s R P

I <

s

. Another crl'clcism was Lhe interpersonal varIatfcn among b{[nded obseruers '

durmg a colour matching procem A c:ertain degree of mterobsewer o

o variation Is understandable because thera is 2 graaual transitmn frofithe A

toB to C cclour and dlfferent observers mav dibagree at which point eacn

"dzwsion stops s the next begins.

\\

o




rhe degree of varletlen reperted seems excessive @ Numereus other_ ‘

mvestigetors reperted favourabw on the Easveap WIthout any comment

'about ob erver variatlen 2239, “‘“’ mees T

f- cros ~‘i ectlen -

- In same operetlng-theatres breathing cIrcwts are replaced routmelv after

L .each patlent In others each natlent gets a heat and moisture excnanger_ o

S combined with 2 bacterial fliter. Hnwever inthe majorit\i of theatres insA.

gl

fthe clrcuits are, re-uced if net WEt or macroscepicanv solied. The same .

' CODdi‘l‘.IUI’IS applv to mainstream CHDHOQ!‘EDHS Ol‘ s|destreafn adaptors-_ ithas

o been shown that there Is no a pparent contamination of tubmg with patlents’

micreffora even after fifteen to 3&3 minutes of anaesthesia “ Inthgvery

'small protuablntv of - such an occurrence, thele Is Ilttle rlsk ef such.-" '

. .centammation being passed on to subsequent patlents “ There ls o reason o

._'_ 'to-.helteve _that the Easyc_ap. cou]_q ‘be more prone tonause nosocom_lal L

- Infections thah the '_a:beve equipment, since only sIx m’echamcal_-bfe_aths are

given through the Easveab“?- Re-use of the Easycap® Is therefore fustified. The .

-'same' applles-te the 0Dp, but since lt I 'small and eesﬂv 'ste:*iliz'able 'bv gas or

'_heat it should probablv bé ster]ltzed after everv case or at the end of each .

Yo

o

A
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. z7cost

s .

Inour sertes two Easyca»o unlts were used one for fortv two cases and the _ ’
_-other for the remainder The cost per use would be m the Drder oF two rand R

- per case, if used thirtv times. In view of the sérious consequences of .

s

'_undlagnosed oesophageal intubatlon 'the cost -to eacn mstltutlon Is_:_
L acceptable even if each unit 1s used once only for doubtfu! cases The ODD o

: 1s constructed from materlal readllv a\radab!e in anv hospita!, and represents_ T

minlmal cost.

l.‘:-.."



'S Fomillarity with the opp and Easvean®

o ~The obﬁ and E"asvo'ao“' receIVed-3exten5ive publlc’:itv’ in the'medl'eal Ilteratufe--
"In the penod 1988 to 1991 Deso!te that these devices are largelv unknowo C

'and unused In South Afr:ca The reason for thls is probablv due to Iack of

n Interest from the medical equ:pment Industrv and the absence of the usual

B aggressive rnarketlng The oDBD esoeciaiiv recewed fittle attentlon because It_. -

" cannot be patented, it is readnv assembled from equtpment universallv

_ '_"}avanaable inany. hosmtal

- bne can nof avold lwonderinou c'\"nloellvwhether i:he'la'ck' 'of; belis end whisties E

” aware of these devices

pnl

. ;!nd_'s'sz"é questionnalre was distributed amongst thirty anaesthesia residents -

Varying from senlor House Officers to senlor Reglstrars to establish the tests

. emoloved b\} them to confirm ETT piacement. Alist of oommoﬁiv used tests

' _' 'to confirm E‘r‘r placement was oresented Each resoondent had to Indicate Lo
- whether thev used it or not; rrabie uu in order no'c to suggest the use of the
_ .ODD and Easvoap in the suruev, an open ended question was posed at the'. a

end of the questuonaure "Please mention other metncd used to conﬁrm ETT

_ ptacement?“ The same questionnaire was distrlbuted arnonost nomspeclalist

| oractltloners lnvoived with anaecthesla in peripheral hospita!s comoleted' i
questionnafres werc received from ﬁnirtv one of these generai oractltfoners L
- _(r*Pl An anaivsls of the response Is gwen In Table IIL ‘rhe methods used bv '

* the two groups we_re very similar, but it |s.,remarkable that not even the

__;g-anaesthesla residents used the 0DD and the Easvcap -

W s

o 'and e!eotronic gadgetrv explalns the Fact that phvslclans have not become o

\‘“\‘;. .
- ETR
e
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perspectlve As mentloned ln cha pter ? 2 no fa!se tracheal sign has vet been’_

one bv Zaléski et al . are essentiai A fot of the tnforrnatlon about the obD

 studies done so far include relativew s'rha!l numbers, Bigg'er studies like th‘e'

S anecdotal esbemaliv a‘s far as, adverse resulrf-‘?re oonoernerj (see chapter S
B2 1) ‘With anv new equroment- lt Is imperative that anv untowar-d effect-or o
')ﬂoubtfur result be reported In order for it to be Investlgated and be seen In' _

.-

oescrlbed except with the use of non—standard equtpment b However, the: F

' speoifioailv investigated The earagwanatn study mdicates that the ODD coutd '

- _m the pregnant patlent at term ' Patients with other anatomicat or

L investlgated in bigger numbers

The controvemv between Wee and Baraka about the ODD asthmatlcs has

“hot been resolvedvet, % An audit of all severe asthmatlcs Who needs ETl
| a mav !n a short perlod\‘resowe the lssue if aH the Wlts [cy* s would be involved

’ Baragwanath ICU eione admitw two to three asthmatics oer month for'

__ vehtitation

4

theorettcal oossibuftles clo “exist and these groUps of oatients need to be __

: However the slze of the studv was small and further stud!es wlth bigeer |

| 'be useo i‘ellablv In caesarean sectlon patients with. severe neartburn | o

Bt vsloloqlcal alonormanﬁes of the tracnea or oesophagus should also loe C

| The newborn to twp vear age group needs further evaluation to establlsh o
o '__the device could safely be used In thls unrque group, such a study has been -

' groups are Indicatecl particu!arlv because of the frequent dlfﬂoultv wlth ETI L a



. -_chapter 7 6d.

£

Y

o 'commer-ce before the end of 1993

o

T

' '-approved bv the Unwersltv of the Witwatersrand Ethical cammittee and wm -

 Astudy to 'e\ialuaté -t-he'accuracv of the 'EaS\acap“'m-'bbo'r llghtind cohditions-

fand When used bv colour—bnnd observers wnl resolve the Issue dlst:ussed ln



L]

S .cnrcumstances be rel:ed Upon t0 dlagnose correct ETT piacement. o

=

. Some of the deﬁcienmes m’- the clinlcal ’cests used to CQI‘I’fH‘m ETl hae been '_ :

emphaSizeo The potentlal defects of the oeo antl the Easvcao has been

discussed at great !ength to emphasize that no slng!e test can under a}I-'

)

o Q.

We were mpressed bvthe accuracv ofthe ODD and the Easvcap as descnbed N
'-'_;’“ the Iiterature and conf-“ rmed in our own studv The ease of . USE:_ T
' nomfenient slze and rapicﬂty of the two tests sug ;est that thelr use in B

comblnatlon should be stronglv recommended n. all srtuatlons wr!ere :

' patlents afe Intuloated Thev are also !n\raluahle to conﬂrm ETT DOSIt{OH when._ _ |
s petlents have to be traﬂso orted “Most. anaesthetlsts once famlllanzed with
E .'._.'_:their use, would be advised to use these devices for most or at least the-. o
'-ﬁoubtful IJ’tubatIon The comblned use of tne ODD and’ the Easvcap seems | .

'to be meeting al[ the requirements for the ideal test to cenﬁrm ETI When . |
. :,ysed iy coruunctron wrth the tradrtiena! chCa! tests in a drsciplmea fashron -
tc- conﬂrm correct olacement of everv ETT, mlssed oesophageal lntubations.- '_ L

B shouid become a rare compticat[on

fr

A would llke to conclude Lhat the presence of a Iar\mgoscope at any site n

nospital or in emergencv care facnlit[es shou[d also indlcate the need for tne'f
Easvcap and the oeo | B | |
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