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938 e Anesthesia and Analgesia of Patients with Specific Disease

cular attention should be given to patients with small endotra-
cheal tubes (e.g., internal diameter < 5 mm). Decreased compli-
ance detected by difficult positive-pressure ventilation (by
squeezing the rebreathing bag) in a patient with abnormal respi-
ratory tract secretions should prompt the anesthetist to inspect
the airway. Suction of secretions from the endotracheal tube may
be required periodically during anesthesia. In some cases, the
best solution may be to reintubate the trachea with a different en-
dotracheal tube. Pharyngeal suction prior to anesthetic recovery
from nasal, pharyngeal, or oral surgery decreases risk of aspira-
tion of blood and debris. When regurgitated material or blood has
accumulated in the pharynx, the risk of aspiration can be reduced
further by gently withdrawing the endotracheal tube with the cuff
partially inflated. &fter delivery to the pharynx, matter can be re-
moved by suction. -

Administration of oxygen should continue throughout recov-
ery when there is risk of postoperative airway obstruction or sig-
nificant respiratory depression. If obstruction develops, supple-
mentary oxygenation increases the time available for institution
of airway control. Rapid-sequence induction of anesthesia with
an injectable anesthetic may be necessary to regain control of the
upper airway via an endotracheal tube. After reestablishment of
a secure airway, it may be possible to resolve the underlying
problems and then successfully recover the patient from anesthe-
sia. In brachycephalic animals, resection of an elongated soft
palate may be necessary to prevent airway obstruction associated
with tissue swelling that has developed during the procedure. In
severe cases of obstruction, an emergency tracheostomy may be
necessary.

Brachycephalic Airway Syndrome

Anatomical abnormalities of the upper airway in brachycephalic
dogs can severely compromise their ability to ventilate ade-
quately. The primary defects of stenotic nares, elongated soft
palate, and hypoplastic trachea are exacerbated in extreme cases
with eversion of laryngeal saccules and redundant pharyngeal tis-
sues. Dogs with arytenoid cartilage, laryngeal, or tracheal col-
lapse present similar anesthetic challenges. Reduction of the
cross-sectional area of the trachea greatly increases resistance to
airflow and the work of breathing. In addition, vagal tone is fre-
quently high in brachycephalic dogs. Vagal stimulation associated
with pharyngeal manipulation (difficult intubation) or vagotonic
drugs can contribute to significant bradycardia and further airway
narrowing. Preanesthetic administration of anticholinergic agents
is indicated in these cases. The anesthetist’s goals are to avoid
deep sedation, especially in arfimals that are not continuously
monitored; to intubate the trachea by using a rapid intravenous in-
duction technique when practical; and to maintain tracheal intu-
bation until the dog demonstrates adequate recovery from anes-
thesia. Anesthesia induction should be preceded by having the
dog breathe oxygen through a face mask. Respiratory support dur-
ing anesthesia may be required, especially in overweight animals.
Obesity further impairs ventilatory function by decreasing tidal
volume and functional residual capacity of the lung.

Recovery from anesthesia is judged to be adequate when a dog

[ s

strongly objects to the presence of the endotracheal tube.
Reversal of the effect of opioids by naloxone administration may
aid in rapid return of a dog’s ability to maintain its airway.
However, painful or distressed animals may experience more res-
piratory difficulty following extubation, so the benefits of opioid
reversal should be carefully weighed against the potential com-
plications of the increased pain and stress that may accompany
reversal. Because of the presence of redundant tissue in the phar-
ynx, most brachycephalic breeds (e.g., bulldog and shar-pei) ben-
efit from having the anesthetist hold the dog’s tongue and/or ex-
tend its neck immediately after extubation of the trachea. A
source of 100% oxygen, an endotracheal tube, a laryngoscope,
and an intravenous anesthetic-induction drug such as propofol
should be immediately available. Vgntilatory function of brachy-
cephalic dogs should be closely monitored for at least 1 h follow-
ing recovery from anesthesia.

Laryngeal Abnormalities

Abnormal laryngeal anatomy due to congenital malformation or
acquired disease may affect respiration, especially during seda-
tion. Tracheal intubation may be hindered by masses protruding
into the glottis or by strands of tissue that cross the glottis.
Smaller-diameter endotracheal tubes may be placed to solve this
problem in some instances. However, an excessively narrow en-
dotracheal lumen may severely affect ventilation, leading to hy-
percapnia or hypoxia. ,
Laryngospasm during the perianesthetic period occurs most
frequently in cats, swine, rabbits, and primates, but has also been
observed in dogs and horses. Laryngospasm may occur after irri-
tation of laryngeal tissues by secretions or blood. Spasm of the
larynx may be caused by touching the larynx during a light plane
of anesthesia. Topical application of a local anesthetic such as li-
docaine is recommended prior to tracheal intubation in these
species to minimize tactile stimulation—induced laryngospasm.
Neuromuscular blocking agents such as atracurium may be use-
ful for preventing laryngospasm during tracheal intubation, al-
though their use in domestic veterinary species is seldom needed.
Extubation of the trachea can also trigger laryngospasm in sus-
ceptible animals. In one case, a Vietnamese potbellied pig appar-
ently developed laryngospasm 4 h after tracheal extubation in
spite of an uneventful recovery from inhalation anesthesia.
Treatment of laryngospasm that occurs during tracheal extuba-
tion (or later) includes reintubation using anesthetics and neuro-
muscular blocking agents, if necessary. Nasotracheal intubation
is an effective means of reestablishing a patent airway in some
species, such as horses. Oxygen should be administered and the
patient should be evaluated for subsequent development of pul-
monary edema over the next 1 to 4 h. Pulmonary edema may ac-
company laryngospasm with clinical signs of dyspnea and
tachypnea and production of pink frothy material in the airway
becoming apparent during recovery from anesthesia.!! Dogs with
upper-airway obstruction can develop life-threatening pulmonary
edema.'? Factors associated with generation of pulmonary
edema following airway obstruction are listed in Table 43.1. The
extreme negative pressure produced by an animal with airway



"9L61 ‘SYL~BEL:6T 1YL [OORULIEY
ur) -surydiow pue joueydionq snoUIABNUI JO )093 AIO)R[NOIID

pue A101e11dsay “[e 10 Y AuBAO[BA ‘Y Ueluewerey ‘H ewiyseSeN ‘|

S9oUalaleYy

£z 9qM [BYORNOPUD
3} JO UOISN[O00 TB10) 10 ‘Juswade]d [enyouoIqopua ‘yusuase(dsip
[EpNED Ul PaI[NSal SBY S0P PIZIIPYISAUR JO YOOU Y} JO UOIXI[]
“Sutwonisod [eordims 1o AyderSorper Suunp mooo Kew aqn) [ayo
-enopud 9 Jo wonisod wr safueyo apIqng 'UONONNSQO AemIre
asned Aeur 5qn) [BSYORNOPUL Y JO JUSWAIB[SIP JUSLISApRU]
"39PIXO SNONI JO
UOTJRI)STUTIIPE QIRJIPUTENUOD By SAQQNG I8 JO douasaxd se yons
§109J9p [BLISJRW I0] PAUTWEXD 9 PINOYS SIQN] [BAYPRIIOPUD ‘asnh
0} 1011] 7' (3qM} 9y Jo Sunjury Juaaaxd o) pasn aaim [RIIS B Yim
380U1) $3qN) [BOYIRIIOPUS PIpIens UI UOTIONISQO ABMIIE Pasned
sey opfxo SnonIu IM S[qqnq e 3s3y) Jo uorsuedxy 1oayop Fur
-INOBJNUEW © S $aqN) [2aYIBIOPUS SWOS UT PUnoj Iie Jo sa[qqng
[[ews 01U SSNIJIP OS[e AewWI 9PIXO SNOMIN “JB YJIA UBY) IdY)el
(ymo1ro Zuiyearq oyl woiy pajerrdse sed <o) aImxiw usfAxo
—aprxo snontu dendoidde we yim gno oy Jury Aq parusa
-01d 3q Aew opIx0 snonru SULISISIUNWIPE USYM [N 9qn) [BaYd
-eIJOpUL dy} JO UOISUBdXaIA() |, 95de[[00 9qm) [eayOBNOPUS pUE
amssaid gno pasesiour JuIsned ‘JIno aqn) [BIYILNOPUS PI[L-ITe
SY) OUI ISNPIP ABW YOMYm ‘OPIX0O SNOINU JO UOTJRNSIUIUIpE Jur
-0[[0] sjusned pareqmul UI PALINOJO SBY UOHINISO ABMITY
oz PWE[ & ur panrodar usaq sey amoundiuaa rengnf
Furmorroy ewoyewray [eadeydosaured v Aq pasneo ayoyo 01 Kiepuo
-09s eruoumnaud uonendsy ‘sesioy ur oge[Iued PIOUNAIR 3y JO
sts[ered Areiodure) osnes Aewr oA1ou [eeSukIe[ JuaLmoal oy Jo
Amlug 29U ayj U1 S2INIONIIS [B)A 03 BUINEY drusdoner £q pasned
uononNsqo ABMIIE YIIm PIJRIOOSSE U3aq OS[e sey armoundiusp
"Yelotjjour
-naud uorsua) Jo JuewrdojeAdp wWoIj Modo os[e Arwi dInssaid Kem
-ITe PAsealol] ., "IoII0 JUIIEaIq SY) 19IUd 0] SMO[[aq oY) Jo ses
SUIAUp 31 P3MO[[E 18} JOJR[IUSA [EITURYOSUI B JO SMO[[S] oY) Ul
3.3l & 03 panqryie uaaq sey ainssard neajerd A1ojerrdsur paseard
-UI JO 3sned [ensnun Uy "UId)SAS AIOAT[Ip JUSIafjIp ® Sursn paure)
-UTewWI ST BISIYISSUR J[IYM INO PI[NI aq pnoys aInyre] juswrdinbyg
"pare3nsaaur A[arerpaurunl oq prnoys arnssaid ABmie 10 1M1
ur soseanul paureldxsun Jo uOppng pPaIOIUOUl A[SNONUNUOD
2q prnoys aATeA Jjo-dod,, ayp jo wonouny ayJ, ‘paxnbar st jmo
-1 dnayissue ue uryiim dnppmg anssoid aA1sse0xe Sunuosaid ur
2oue(i3iA “sdeystw yons jussaxd 0) ofqereae yuswdmba Suneqm
-Ul PUE ‘IOJR[I1USA ‘SUIYORW JIISYISIUR ) A JRI[IWE] SW0Jq
sisneyIsaue 1) aAneIdwl 2103191 ST 1] “sjuened [ewiue Juouwre
A)eriow pue A)NpPIGIOW 9sBOIOUL BISSIsauR Juunp Aemire oy
Jo juswaFeurw SWIAJoAUl SHUAPIOOE Jo sdeystu ‘A[reuniiofun

Aemuly ayy Buinjoau) sdeysipy
*$OISI[RUR pUE ‘SONOIQIUE ‘SPIOIBISOINIOD ‘SINAINIP ‘UaGAX0
Jo uonenswumwpe sapnpour jusuneal) aantoddng -pejedrpur st

Awoisoayaen AoudadIaws ue ‘[ngssaoons jou st sanbruyoa 9say) Jo
QU0 JI "2qn3 [BSYORIOPUS [RIO0 1O [esel & Jo Juswade[d 4q pajentul

6£6 e 8seasig Aemiy

ST uononNsqo Aemire spoyissueisod ym 98I0y © Jo JusUeaI],
"Surpue)s st 9s10y 9y} [run aoe[d ur aqn) [ESYORNOSRU B ()Im UOD)
-onnsqo Aemire-roddn 103 JsI Je sasioy 1940931 03 1ya1d s1snY)
-Soue AUBJAl "UOTIEQNIXD [BSUORN) I3)jE SIIO[3 snojewapa ue Aq
uononnsqo Aemite dojoaap Aewr sasioy 9say], 'sanssn [eaukIe|
ur pIyy Jo UONR[NWINIOL I0J JSLI & 3q AeW APOg 9} UBY) JOMO[
PESY AU} UM PIZIOYISIUR SISIOH g 'Pariodar uaaq sey as1oq
B Ul UONONISqo ABMITE [EOIUBIOSUI JUAISURI) UIMO[[O] BUIOPd
Areuourng “paxafJ Appedoxdunr st yosu ay) 1oy yons pauonisod
10 1SBD $2UI003q 3SIOY B JT BISAYISOUR WOIJ KI9A0031 JuLinp mnodo
Aew Lemile 39U} JO UOWONISQO [ESTURYIAA "oqn} [E3YORIIOPUD
(10adsonar ur) 31| A[OAISSE0X0 UB U)Im PajeqIul sem BaydRI)
$,98I0Y € yorysm Ul $31npadoid Y- 0} -7 SuIMO[[0F PaAIasqo Usaq
os[e seq sade[nued prousjAIe oy jo sisA[ered onoylsaurIsog Rt
-apsaue Suunp porred paSuoyoxd mﬁ& J[o0u A JO uoIsuAxaId
-Ay Aq o8eurep o} a1qudeosns aq Aew 9a1du [eaFukie] JUALINDDI
O} ‘SSIOY U] “9AISU [BAFUATR] JU21IND21 oY) Jo uonouny Iood ylim
PAIRIOOSSE UIDq SBY $23R[ILIBD PIOUSIAIR 9] JO SISA[eIed "uoneqm)
-X9 Io/pue eIsayisaue SuLinp uone)Lr [eaSukIe] wolj j[nsax Aewr
wisedsoZuATe] "MO[JITe PaseaIdop pue IOPLIS AQ POZLISIOBIBYD
St sa3eNIeD proualAle 2y} Jo sisA[ered searoym ‘mo[He Jo uon
-BSS30 (M pajetoosse st wisedsogudie o ponodal uasq osfe sey
1840 omoj3idogns e £q pasnes uononnsqo Aemire-raddn s1adwos
Jo aouanbosuos & se adoouks ¢1'S9SIOY UL UONONNISo AemIre
-1addn Jo osnes e se paquDSIp U23q Sey UOISIdA0XRI omjo[Sidyg
"uoTdNLSYO [BOTURYDIIUW PUB ‘SIFE[ILIED PIOUSIAIE I3 Jo SsisA[eied
‘wisedsoSudre] apnpoul SISNED [BIIUSI0] 'BISIYISIUE IdJE UOneq
-M)Xa [edayoen) Juump uononnsqo Kemie mo_o\,ol Aewl SoSIOH
vrgr TE18S
ARl ST QWIOIPUAS o) WoyM I0] ‘Bwapd Areuowrnd yiim sjuan
-ed uewny ul pasn A[ouUnnol ole uone[uUaA 2inssaid-sanisod
pue uonjeqmiur [eayoes], ‘A[pider Aemire juaed v ysiqeiss o1
paxmnbar aq Aewr Awojsooyoen AouoSrowry -ewops Areuowynd
18I} O} Pasn 31e SPIOIIISOIIMIOD PUE ‘SOTJAINIP ‘9% ()6 URY) 19)8aId
¢ods ue urejurewr o) wonwyuawo(ddns uagAx ‘onewojduiAs
ST Juounesn os ‘Teuojoejnnu Ajqeqoid s1 uonoOnNsSqo AemIre
Io)je uoneulIo) BUWOPY Areuowng ‘orme[nosea Areuownd jo
Aiqesuwnred Sursearour £q seoeds [BINSISUI 9Y) OJUT JUSUISAOTT
pinyJ dowoid Aew Aemire pajonIsqo A[@INOE UB (IIM P3IRIOOS
-sg eIx0dAH "pIn{J [eBHSISIUL JO UOTRMWINOOE JU B 3SNBO ABW
amssa1d oNeISOIPAY JB[NOSEA PASEIIOUI JUISNIED SOUTWIR[OYITRD
JO oseopar snoaue)nurg Sunj 2y) ur 2anssaid o11vISOIPAY Tenns
-I9JUl paseaI1dap sasned axidsur o) Sundweyne uoym uonOININSqO

pinj} [errsialul Jo [eaowal oieydwA| sjenbapeu;
PIN|} [enlsiaiul JO UOHBINWNIJE JoN

ainje|nosen Areuow|nd jo Aljigeswiiad pasesiou|
BIXOdAH

ainssaid 211}SOIPAY JBINISBA PaSEaIOU|
UOIJOLI}SUODOSEA

9SES|d) BUIWRIoYO8IeD

ainssaid o11BS0IPAY [B1H1SISIUl PESERI0a(]
ainssaud o1oeI0yIEIUI BAIIEDBU Blonag

uononiisqo Aemuie anoe Buimol|o) eulepa
Areuownd Jo juswdojoAsp yum PBIBIDOSSE SI010B  *L'EF olqeL




{

940 e Anesthesia and Analgesia of Patients with Specific Disease

11.

12.

Copland VS, Haskins SC, Patz J. Naloxone reversal of oxymor-
phone effects in dogs. Am J Vet Res 50:1854-1858, 1989.
Michealis LL, Hickey PR, Clark TA, et al. Ventricular irritability as-
sociated with the use of naloxone hydrochloride. Ann Thorac Surg
18:608-614, 1974.

Andree RA. Sudden death following naloxone administration.
Anesth Analg 59:782-784, 1980.

McCrackin MA, Harvey RC, Sackman JE, et al. Butorphanol tar-
trate for partial reversal of oxymorphone-induced postoperative res-
piratory depression in the dog. Vet Surg 23:67-74, 1994.
Thompson SE, Johnson JM. Analgesia in dogs after intercostal tho-
racotomy: Comparison of morphine, selective intercostal nerve
block, and intrapleural regional analgesia with bupivacaine. Vet Surg
20:73-77, 1991. )
Valverde A, D%W@b DH, Cockshutt JR, et al. Comparison of the he-
modynamic effects of halothane alone and halothane'gombined with
epidurally administered morphine for anesthesia in ventjlated dogs.
Am J Vet Res 52:505-509, 1991.

Valerde A, Dyson DH, McDonell WN, Pascoe PJ. Use of epidural
morphine in the dog for pain relief. Vet Comp Orthop Traumatol
2:55-58, 1989.

Clark DM. An analysis of intraoperative and early postoperative
mortality associated with cervical spinal decompressive surgery in
the dog. J Am Anim Hosp Assoc 22:739-744, 1986.

Gross ME, Dodam JR, Pope ER, et al. A comparison of thiopental,
propofol, and diazepam-ketamine anesthesia for evaluation of
laryngeal function in dogs premedicated with butorphanol-
glycopyrrolate. ] Am Anim Hosp Assoc 38:503-506, 2002.

Glasser SA, Siler JN. Delayed onset of laryngospasm-induced pul-
monary edema in an adult outpatient. Anesthesiology 62:370-371,
1985.

Kerr LY. Pulmonary edema secondary to upper airway obstruction in
the dog: A review of nine cases. ] Am Anim Hosp Assoc 25:
207-212, 1989.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Tobin MJ. Advances in mechanical ventilation. N Engl J Med
344:1986-1996, 2001.

Haskins SC, King LG. Positive pressure ventilation. In: King LG,
ed. Textbook of Respiratory Disease of Dogs and Cats. Philadelphia:
WB Saunders, 2004:217-229.

Parente EJ, Martin BB, Tulleners EP. Epiglottic retroversion as a
cause of upper airway obstruction in two horses. Equine Vet J
30:270-272, 1998.

Hay WP, Baskett A, Abdy MJ. Complete upper airway obstruction
and syncope caused by a subepiglottic cyst in a horse. Equine Vet J
29:75-76, 1997.

Abrahamsen EJ, Bohanon TC, Bednarski RM, et al. Bilateral ary-
tenoid cartilage paralysis after inhalation anesthesia in a horse. J Am
Vet Med Assoc 197:1363-1365, 1990.

Kollias-Baker CA, Pipers FS, Heard D, Seeherman H. Pulmonary
edema associated with transient airway obstruction in three horses.
J Am Vet Med Assoc 202:1116-1118, 1993.

Klein LV, Wilson DV. An unusual cause of increasing airway pres-
sure during anesthesia. Vet Surg 18:239-241, 1989.

Weldon AD, Beck KA. ldentifying a periesophageal hematoma as
the cause of choke in a llama. Vet Med 88:1009-1011, 1993.
Komatsu H, Mitsuhata H, Hasegawa J, Matsumoto S. Decreased
pressure of endotracheal tube cuff in general anesthesia without ni-
trous oxide [in Japanese]. Masui 42:831-834, 1993.

Populaire C, Robard S, Souron R. An armoured endotracheal tube
obstruction in a child. Can J Anaesth 36:331-332, 1989.

Quandt JE, Robinson EP, Walter PA, Raffe MR. Endotracheal tube
displacement during cervical manipulation in the dog. Vet Surg
22:235-239, 1993.



