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,
ITepidnyn

Ot acBevei¢ otn Movada tng Evratikig Oepameiag
(ME®) ouyvd extiBevral oe afloonpeinteg odayég otn
Aettovpyia Twv opyavey. H ME® eivat i pwg eomhiopévn
yloo va eNéyxel oteva Tov acBevr) mov Ppioketal og
KPIOLN KXT&OTAOT KAl 1] AELTOUPYiot TOU aVATTVEVGTIKOD
oLoTHHATOG elvat pio atd TIG {wTikéG Aettovpyieg oL omoieg
napakolovBolvTal evtatikd. QQ0TO00, Ol AVUITTVELOTL-
Kol pveg mapakorovBovvial PpTwxd oty ME®, mapoio
mtov vrtapyet artodelln ott n SuoAettovpyia TWV AvVATTVEL-
OTIKOV U@V avarTooeTaL e eNLBapupévoug aobeveig
KOL HITOPEL VO TIPOKANECEL AVATIVEVOTIKI] AVETIAPKELQ.
Yrdpxouv TOANEG SlaBEatpieg TEXVIKEG Yo TOV EAeYXO TNG
AELTOLPYIOG TV AVATTVEVOTIKOV HUWV TOCO 0TOV &AvOpwITo
600 Kat ota {wa. O KoahUTEPOG SelKTNG Yior TNV EKTIUNGT TNG
OLOTINOTIKATNTAC TOL SLAPPAYHATOS PaiveTal va eival N
pérpnon e S-St paypatikng mieong (Py) otnv tatpikn
Kot oTny KTNviatptkn) KAwikn mpan. H Sia-Sadppaypaticn
niieon voloyiletal wg n Stadpopd avapeoa otnv evdo-
yaotpikn mieon (Pge) Kal TNV evdo-olcodpaylkr) mieon
(Poes). Ot petproelg parypatorolobvTat pe Tny xprjon §vo
KaBetrpwv pe Ptalovt Trou yepilouv pe aépa, ot omoiot
TorofeTolvTal GTO HECO TPITO TOL OLTOPAEYOL Kot GTOV
otopayo. Tapdho mov n Texvikn TG HETpnong g Py €xel
pehetnBel oe vyteig oKOAOLG LTIO YevikT avalcOnoia pe
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Abstract

Patients in the Intensive Care Unit (ICU) are
frequently exhibit marked alterations in organ
function. The ICU is fully equipped to monitor the
critically ill patient and the respiratory function
is one of the vital functions monitored. However,
the respiratory muscles are poorly monitored in
the ICU, although there is evidence that respira-
tory muscle dysfunction develops in critically ill
patients and can cause respiratory failure. There
are many available tools to monitor the respiratory
muscle function both in humans and animals.
The best indicator of diaphragmatic contractility
seems to be the measurement of trans-diaphrag-
matic pressure (P,) in medical and veterinary
clinical practice. Trans-diaphragmatic pressure is
the difference between the intra-gastric pressure
(Pgast) and the intra-oesophageal pressure (P_ ).
The measurements are made using two air-filled
balloon catheters, which are placed in the mid-
third of the oesophagus and into the stomach.
Although the technique of P measurement has
been investigated in normal healthy dogs under
general anaesthesia with the application of Mu-
eller’s manoeuvre, the diaphragmatic function
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v epappoyn ¢ pavovPpag Tov Mueller, n Aettovpyia
Tou Stappdyparog Sev éxel pehetnOel oe emPapupévoug
OKOAOUG O€ €val {11 KOUPAGHEVO SLAPpayHa 0TIV KALVIKN
TIPAEN. XTr) GUYKEKPLLEVT LEAETT KOOPTNG OUpHETELKOY 27
1d1oKTNTOL OKVAOL, avatoBnaloloyikig katatagng II-IV.
H Sia-Stapparyportikn mieon petpnOnke pe tnv epappoyn
NG pavouPpag Tov Mueller katd Tn SidpKeld TV TPWOTWY
24 wpwv NG mapapovig Toug otn ME® vmé yevikn
avatoOnoio. H péon tipunxrumikn andriion g Py frav
11,245,7 mmHg kat TG oLYKEVTPWONG TV YOAXKTIKGY
oto aipor 2,4+1,2 mmol L. Zupurmepaopatikd, n TEXVIKN TG
HéTpnong TG Py pe KaBeTrpeg e HITaAOVL UITopE EMITUXMG
Vo epoppooTel 0Toug okvlovg ot ME®. H pétpnon tng
Sto-Oladppory HOTIKTG TTiean G (ITopel vt eivat évar Xpr)oLpo
HECO Yia TNV eKTIHN O TG Aettovpyiag Tov Sl paypatog
o€ eMBApPLIEVOUG OKDAOUG KATA TNV TIPOOKOULOT KAL/T)
Kata 1 Sidprela TNG Taparptovig Tovg ot ME® ot n
epappoyn TnG paiveral va eivat ePikT.

MeSH keywords:
diaphragm, dog, Intensive Care Unit

Eloayowyn

Ot acBeveic ot Movada Evratikng Oepareiag (ME®)
ovyvd ektiBevtal oe apkeTég alAayég oTn Aettovpyia Twv
opy&vwv. Qg éheyxog Twv (oTIKOV AetTovpylwv opiletal
1) GUVEXNG EKTIUNOT) TV GUOLONOYIK®V AEITOLPYIOV TOL
acBevolg oe TpayHATIKO XpOVO, ETGLWOTE VoL TPOTIOTIOLE(TAL
avohdywg n Beparevticr Stoaxeipion (Heunks et al. 2015).
To mepipdArov o1 ME® eivat mfpwg e€omhiopévo yla
Tov ouveyn é\eyxo Tov aoBevolg oe KpioLun KATaoToon.
H kapdiayyetakn, n vedppikr) Kal n menTiky Aettovpyio
e\éyxovTal 0TeVA Kal oLVEX®G 0Toug aoBeveic ot ME®
(Doorduin et al. 2013).

Mo tpOoPaTh, HEYEAT, TTPOOTITIKN HEAETN KOOPTNG OE
aoBeveig avBpwroug (Canet & Gallart 2013) £€8e1€e YA
1000016 Bvnodotntag ot ME® petd amnd coPapr) xet-
pOULPYIKT eTEUPNGT), UTTOYpappilovTag TO pOXO TwV HeTeY-
XELPTTIKGOV avaTTVELOTIK@Y ertmAokmv. H avamvor) eiva pia
{oTIKA AetTovpyiot TOL 0PYAVIGHOD KAl 0 £AEYXOC TNG elval
évag amd Toug akpoywviaiovg AiBoug otV LTpIKY) Ko KTn)-
VIXTPLKT KAWVIKE TIpAg, katd t Sdpketa ¢ avatoOnoiog
kat oty ME®. Qotdoo, vmapyet EXetyn evog EexdBapou
OpLOHOV Ylot TOV EAEYXO TOL OVATIVEVGTIKOD GUGTAHRATOC,
OXETIKA e Troleg evOeifelg Kat o€ Toleg TaXpapETpouLG Bt
nipémet va Sivetat mpotepatdtnTa. Yapyouvv evSeielg 6t
1 SLGAELTOVPYIK TWV AVATIVEVOTIKOV HUGOV AVATTTOOGETAL
oe aoBeveig mov PplokovTal og KpIoLHn KATAOTHOT) Kal
HITOpEl VO TIPOKOAETEL AVOTTVEVO TIKT| AVETTAPKELN, WOTOCO
oL avaIveLoTIKol HoeG EAéyxovTal avenapkwg oty ME®
(Laghi et al. 2003, Hermans et al. 2010, Jaber et al. 2011).
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has not been studied in critically ill dogs in a
non-fatigued diaphragm in a clinical setting.
Twenty-seven client-owned dogs, status ASA
II-1V, were enrolled in this cohort study. Trans-di-
aphragmatic pressure was measured with the
application of the Mueller’s manoeuvre within
the first 24 hours of hospitalization in the ICU
under general anaesthesia. The meantstandard
deviation of P, was 11.2+5.7 mmHg and that of
blood lactate concentration was 2.4+1.2 mmol
L. In conclusion, the technique of P, measure-
ment with balloon catheters can be successfully
applied in dogs in the ICU. Trans-diaphragmatic
pressure measurement can be a useful tool for
the assessment of diaphragmatic function in crit-
ically ill dogs at admission and/or during their
hospitalization in the ICU and its application
seems to be feasible.

Introduction

Patients in the Intensive Care Unit (ICU) are
frequently exhibit severe alterations in organ
function. Monitoring is defined as a real time
continuous evaluation of the physiological func-
tions of a patient in order to guide therapeutic
management (Heunks et al. 2015). The ICU-en-
vironment is fully equipped to monitor the crit-
ically ill patient. Cardiopulmonary, renal and
gastrointestinal function are usually monitored
closely and continuously in ICU patients (Door-
duin et al. 2013).

A recent large prospective cohort study in
human patients (Canet & Gallart 2013) showed
high mortality in the ICU after major surgery
and underlined the role of the postoperative
pulmonary complications. Respiration is a vital
function of the body and its monitoring is one of
the cornerstones in medical and veterinary clin-
ical practice, during anaesthesia and in the ICU.
Concerning monitoring of the respiratory system,
there is alack of a clear definition regarding which
signals and variables should be prioritized. There
is evidence that respiratory muscle dysfunction
develops in critically ill patients and can cause
respiratory failure, but the respiratory muscles are
poorly monitored in the ICU (Laghi et al. 2003,
Hermans et al. 2010, Jaber et al. 2011). Respiratory
muscle activity is routinely monitored in very



H dpaotnpldtnta Tov avarmveuoTIK®V HUOV eAEYXETaL
TaKTIKA o€ TTOAD Aiyeg ME® avBponwv. Avtd pmopei va
oxeTileTal pe TNV TEPLOPLOPEVT) YVOOT) TwV TS PACEDY
HlaG coPaprig vVOGOU OTOUG VOTTVEVGTIKOVG HUG, OTNV
Tieploplopévn SabeotudTnTa TV HECWV Ylot TOV EAEYXO
TNG AVATIVELGTIKNG AetTovpYiag Kal Tn¢ memoifnong ott o
OTEVOC €AEYXOG TNG AELTOVPYING TWV AVATTVEVOTIKGY HUGV
evog aoBevoig oe Kpiotpn Kataotaon Sev €xet KAVIKD
onpacio (Doorduin et al. 2013).

Znv ktnviatpikn BipAoypadia, utapxouvv pekéTteg o€
{otd tpdTUTIA OL OTTO{EG el VoLV OTL TO SLddpoarypa eival
e€alpeTiKd evaicOnTO 0TO COK YEVIKA, KAl EOIKOTEPX OTM
onfyn, (Aubier et al. 1981, Hussain et al. 1985, Hussain et
al. 1988) kat ertiong, n koMo TOL SlAPPAYHATOG EXELTON
AVOYVWPLOTEL OTO TIEPIOCOTEPXK XPOVIOX LVATTVEVGTIKG TIPO-
PANpaTa oTNY KAWVIKA TTpAEn 0ToLG oKVAOLG. Q20T600, dev
urtdpyovv dedopéva yla Tnv afloddynon tng Aettovpylag
ToL SLPPAYHATOG 08 OKDAOUG O KPIOL{N KATAOTAOT) 0T
ME®. EmurtAéov, dev umdpxet Kapior KAVIKN HEAETT) OTNV
BiPAloypadior ylor TNV EKTIHUNOT) THG CUOTIACTIKOTNTOG TOU
dlappdypatog oe GKOAOLG oL oToioL BpicKovTa ot Kpiotun
KataoTaon oty ME®.

H mtpotpn KAVIKE avay vepLom TngG epLpepikig 1 ova-
TIVELOTIKNG LUIKNG aduvapiag efvat SOoKoAN. Xe aoBeveig
He TepLdpeptkn) LUK advvapia, avTr) mapatnpeital Katd
NV avappwaor) orto Ty ofeia paon piag véoou. Le TEToleg
TIEPUTTOOELG pitopel va mapatnpnBolyv CUPNTTOHATX HUi-
Kr¢ mapaivong. H o cuxvd xpnotpormolotpevn Texvikn
ylot TV eKTIENON TNG TEPLPePIKNG HUiKkNG SUvapng oTovg
avBpwmoug eivai n e€€taor Tov Medical Research Council,
n omoix e€etdlel T Svvapn oe Tpelg opddeg pvwv Kabe
dxpov (Callahan & Supinski 2009). To televtaio xpovia
éxouv avartuxBel TEXVIKES Yo TOV €AeYXO TNG AVATTVED-
oTIKNG AetTovpyiag Katd Tn didpkela voonheiog oty ME®.
Yrdpyovv oG Stabéotpa péoa yia tTnv mapakoiovOnon
NG AELTOVPYING TWV AVATIVEVOTIKOV HUOV TOCO OTOUG
avBpwmoug 6co Kat ota (oo KAwvikd, pmopei vor tebel
vroyia avaITveLaTIKNG HUIKNG aduvaptiag dtav ol acBeveig
efvat SUOKOAO VA ATTOYXAXKTIOTOUV ATtd TOV UNXAVIKO
aeptopd. Ol KupAToHopPEG TieanG-0yKoU (avixvevon g
ETOTPATEVONG, TNG EVOOTIKOTNTAG KAL TG LTIEPSIATAONG
TOL TIVeDpovVa) Kal por-OdyKou (Stdyvmon Tou TOToU TG
AVOTTVEVOTIKTG VOOOU), N Karrvoypadia (mAnpodopieg
OXETIKA [E TNV QVOITVEVGTIKY) OLXVOTNTAX KAl To pulud,
TNV KapdLaKT) TTapoxT|, VTOAOYLOHOL TOL VEKPOU XMPOL), 1)
HOVOUETPIOT) TOV OL0OPAYOU, TO TTANBUGHOYp&PN o TOV
QVOTTVELOTIKOD, 1 NAEKTPOHLOYPAPIQ, 1) UTTIEPNXOTOHO-
ypaodia, ot Prodeikteg oo aipa, n aovikr Topoypadia Kat
1 Moty v TIK Topoypodia elvot pHepIKEG TEXVIKEG OL OTTOlEG
HItopovV va XprotporonBoly yla Ty eKTipnon g avo-
TvevoTIKNG Aettovpyiag (Doorduin et al. 2013). Qoto00,
OTNV LATPIKT KAL TV KTNVIATPIKT KAVIKE TTP&EN, 0 KaAv-
TepOg JelKTNG Yl TV CLOTIACTIKOTNTA TOL SLAPPAYHATOG
¢aivetat va etvat n pétpnorn tng dla-SlapparyaTikng Ttieong

Trans-diaphragmatic pressure in ICU

few human ICUs. This may be associated with
the limited knowledge on the effects of a critical
illness on respiratory muscles, the limited availa-
bility of tools to monitor the respiratory muscle
function and the concept that close monitoring
of respiratory muscles function in critically ill
patients is of no clinical importance (Doorduin
et al. 2013).

In the veterinary literature, there are studies
on animal models which show that the diaphragm
is extremely sensitive to shock in general and to
sepsis in particular (Aubier et al. 1981, Hussain et
al. 1985, Hussain et al. 1988), and diaphragmat-
ic fatigue has already been recognized in most
chronic respiratory problems in clinical practice
in dogs. However, there is no data about the eval-
uation of diaphragmatic dysfunction in critically
ill dogs in the ICU. Moreover, no clinical study
can be found in the literature on the assessment
of diaphragmatic contractility in critically ill dogs
in the ICU.

Early clinical detection of peripheral or res-
piratory muscle weakness is difficult. Patients
with peripheral muscle weakness exhibit this
weakness when they recover from the acute phase
of an illness. Symptoms of muscle paralysis can
be seen in such cases. The most widely used tool
to assess peripheral muscle strength in humans
is the Medical Research Council examination,
which tests the strength of three muscle groups
in each limb (Callahan & Supinski 2009). Tech-
niques to monitor the respiratory system during
hospitalization in the ICU have been developed
over the years. There are many available tools to
monitor the respiratory muscle function both in
humans and in animals. Clinically, respiratory
muscle weakness can be assumed when patients
are difficult to wean from mechanical ventilation.
Pressure-volume (detection of lung recruitment,
compliance and overdistention) and flow-vol-
ume (diagnosis of type of respiratory disease)
recordings, capnography (information about res-
piratory rate and rhythm, cardiac output, dead
space calculations), oesophageal manometry,
respiratory plethysmography, electromyography,
ultrasonography, circulatory biomarkers, com-
puted tomography (CT) and magnetic resonance
imaging (MRI) are some techniques that can be
used for the assessment of respiratory function
(Doorduin et al. 2013). However, in medical and
veterinary clinical practice, the best indicator
of diaphragmatic contractility seems to be the
measurement of trans-diaphragmatic pressure
(P4;) (Benditt 2005).
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(P4) (Benditt 2005).

H Py eivat n Stapopd avdpeso oTnv ev80-yaoTpLKn
Ttieon (Pgs) Kal TNV evdo-otcodarytkr) mtieon (Poe). Ot pe-
TP OELS TIpayHATOTIOOUVTAL (e KaBeTrpeg pe HtaAovt
110V Yepilouv e aépa, ot omoiot TOTToBeTOLVTAL GTO [ECO
Tpito Tov olooPpayou Kal aTo oTopayo (Watson et al. 2001,
Benditt 2005, Pavlidou et al. 2014).

Méxpt ofjpepa, n pérpnon g Py wg texvikn yia tnv
afloAGYN o1 TNG KOTIWOTG TOL SLApPAYHATOG EXeEL HENETT)-
Oel oe éva KOUPAOHEVO-TIAPAAUTO SIAPPAYHA, HECW TNG
NAEKTPIKNC SIEYEPTNG TWV GPEVIK@Y VEDP®V KAl XwpiG TNV
epappoymn TG HovovuPpoag tov Mueller. Q¢ avamvevoTikn
HLIKT KOTTIWOT 0pileTal N avIKAVOTNTO TWV oVATTVEVOTIKGOV
HUGV Vo oLVEXILOLY Va TTAPAYOLV LKAXVOTTOLNTLKT) TIEDT il
va Statnpotv tov KuyehSikd aeplopod Kat elval avTloTpé-
Yipn kata v avamavon (Hubmayr et al. 1990). TTapolo
TIOU 1) TEXVIKN TNG péTpnong tng Py €xel pehetnBei oe pu-
OloA0YIKOVG LYLEIG OKDAOVG UTTO YevIKY) avatoOnaia pe Tnv
epappoym tne poavovPpoag tov Mueller (Pavlidou et al. 2013,
Pavlidou et al. 2014), n Aettovpyia Tov dtappdyportog dev
éxel peletnBel oe OKOAOUG OE KPIOIUN KATAOTAOT O évat
{1 KOUpAGHEVO SL&Ppaypor oTNV KAWVLIKE TIPEEN.

[MaBoloyiKkég KATAOTATELG OTIWG 1) AVOTTVEVOTIKT HUIKT
advvapia kai/n n Sdppaypatikni KéTwon oxetiCovtat
KOAQOG He N puotoloyikr Py Zopdpova pe t BipAoypa-
¢lo, N péytotn tipn ™G Py (Pai max) AapPdveTat vmoyiy ylo
Vv ekTipnon g advvapiag Tov SlaPpaAYHATIKOD HUOG
(Hubmayr et al. 1990). [ta t0 A0Y0 auTO, N P max AXUPE-
VETAL KATA TN SIEpKELA TNG HEYLOTNG ELOTIVEVGTIKNG TTPO-
onaBelag, pe TV epappoyn Tng pavovPpoag tov Mueller,
OTIG TTEpLY paeTal o€ TiponyoLpeveg pekéteg (Pavlidou et
al. 2013, Pavlidou et al. 2014).

Ye okVAoLG o€ KpIOIUN KATAGTACT, TO AVATIVEVLOTL-
K6 ovoTtnua ovvhBwg emnpedletal (Hussain et al. 1985),
aANG LTTAPYEL ETTION G EANELYT) YVOONG KAt EPAPUOYTG TV
TEXVIK@V Yl TNV TTapakohovBnon tn¢ Aettovpyiag tov ava-
TIVELOTIKOU UGG 0T ME®. O 0Kk0o1m6¢ auTig TNG KAVIKAG
HEAETNG NTAV VO HEAETHOEL TNV EPOPHOYT) KAL T LETPN O
G Py oe okOAoug ot Kpioln Katdotaon otn ME®, wg
SelKTn TNG CLOTIACTIKOTN TG TOVL SlAPPEYHATOC.

YAkd kot MéBodol

H pelétn avtr) eykpiOnke and v Enttponn Aeoviolo-
yiag Tov AploTtoteeiov ITavemniotnpiov @ecoalovikng
(2016-050-0503-8401). O\ot ot (8LOKTHTEG TwV OKVUAWY
NTAV EVIHUEPWHEVOL YL TO TIPWOTOKOANO TNG HEAETNG KAl
Aappavotav vroyeypappévn ouykatadeon. Ta (oo armo-
KAelovtav amd ) peAétn dtav 1 guAAoyn Twv dedopévmv
frav adovatn (L. pn aroteecpatikny pétpnon tne Py).
AxoOpa €va KpLTHPLO AITOKAELTHOD HTAV 1] TTAXLOAPKia
(Bpemtikn) katdotaon mave and 4), n onoia Ppaiverar Ot
HELOVEL TN OLOTIKOTIKOTNTA TOL Stadpaypatog (Ora et
al. 2011).

e auTr) TNV KAWVIKE HENETT OLpHeTEXAV 27 18LOKTNTOL
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Py is the difference between the intra-gastric
pressure (P,,) and the intra-oesophageal pressure
(Poes). The measurements are made with air-filled
balloon catheters, which are placed in the mid-
third of the oesophagus and into the stomach
(Watson et al. 2001, Benditt 2005, Pavlidou et
al. 2014).

Up to today, the measurement of Py as a tech-
nique to evaluate the diaphragmatic fatigue has
been studied in a fatigued-paralyzed diaphragm
by means of electrical stimulation of the phrenic
nerves and without application of the Mueller’s
manoeuvre. As respiratory muscle fatigue is de-
fined any inability of the respiratory muscles to
continue to generate sufficient pressure to main-
tain alveolar ventilation and it is reversible in rest
(Hubmayr et al. 1990). Although the technique of
P, measurement has been investigated in normal
healthy dogs under general anaesthesia with the
application of Mueller’s manoeuvre (Pavlidou et
al. 2013, Pavlidou et al. 2014), the diaphragmatic
function has not been studied in critically ill dogs
in a non-fatigued diaphragm in a clinical setting.

Pathological conditions such as respiratory
muscle weakness and/or diaphragmatic fatigue
are well associated with abnormal Pg. Accord-
ing to the literature, the maximum Py; (Pyi may)
is taken into account for the assessment of the
diaphragmatic muscle weakness (Hubmayr et al.
1990). Therefore, Py may is obtained during the
maximal inspiratory effort with the application
of the Mueller’s manoeuvre, as it has been de-
scribed in previous studies (Pavlidou et al. 2013,
Pavlidou et al. 2014).

In critically ill dogs, the respiratory system is
usually affected (Hussain et al. 1985), but there is
also a lack of knowledge and application of tools
to monitor respiratory muscle function in the
ICU. The aim of this clinical study was to report
on the application and the measurement of Py
in critically ill dogs in the ICU as an indicator of
diaphragmatic contractility.

Materials and Methods

This study was approved by the Ethics Commit-
tee of the Aristotle University of Thessaloniki
(2016-050-0503-8401). All the dog owners were
informed in detail about the study protocol and a
signed written consent was obtained. The animals
were excluded from the study when the collection
of the data was impossible (e.g. ineffective meas-
urement of Py;). Another exclusion criterion was
obesity (nutritional status over 4), which has been



okvMoL, avatoOnaotoloyikng kararagng II-IV. Tia kéBe okvAo
KaToy padpovtav 1 nAKio, 1 GuAR, To GUAO, TO CWHATIKO
Bdpog Kat 1 KAWIKH di&yvwaon Tng vooov, Ti§ ipwTeg 24
WPEG HETA TNV TIPOOoKOpLoT) Toug 0T ME®. Katd tnv 1tpo-
OKOLON, YIvOTa emiong a€loAdynon Tng cuveidnong, 1ol
®oTe vor ekTIUNOel To TiparyHaTiko emtinedo GLVeidnong pLy
T Xopnynon avakynoiog 1} avatednoiag. Ot oxdAol ka-
TavépovTay oe évTe opadec: tepttovitida/evSo-KothiaKr
eméppoaon, evdo-Bwpakiki enéupact, avamvevoTiki vooog,
vevpoloyiKkn vooog kat veomhaaio. ITpaypatomotovvtay
S1e€od1iKr) KAVIKY e€ETAOT KAl KATAYPAPOVTAV TIHEG Yot
OUYKEKPLHEVEG AVATIVEVOTIKEG TIPAUETPOVG OXETIKA E
Vv aloAdynon NG avamvevoTIKAG Aettovpylag, emiong
Koté TNV Tpookduion Tov okvlov oty ME® (Hayes et al.
2010). H avédvon twv aepiwv Tou apTnplakod alpotog
¢81ve TAnpodopieg oxetika pe To pH, TN pepikn mieon
Tou ofvydvou (Pa0,), Tn pepikn Ttieon Tov Sto€eldiov Tov
avBpaxa (PaCO,) kat To Aoyo pepikrn) mieon ofuyovou/
KAGopa etomvedpevou ofuyovou (PaO,/FiO,). Emumhéov,
1 HETPNON TNG CLYKEVTPWOTG TOV YOAAKTIKOV OTO alplot
¢ deikTNG TNG coPapdTNTAG TNG KAWVIKNAG KATAOTAONG
YvTaY KaT& TNV TPOCKOULOT TOU {ov.

H pérpnon g Py ywotav pe tnv edpoppoyn tng po-
vouPpag tov Mueller, katd Tn Sidprela TV MPWOTWY 24
wpwv TN¢ diapovng Tou {wov oty ME®, kétw amnd To idlo
emninedo avaioOnoiag oe OMa Ta {Hax. Abo olcoPparytkol Ka-
Betrpeg pe prtaovi prjroug 90 cm, e 08nyove, (Esophageal
Balloon Catheter Set; CooperSurgical Company, CT, USA)
eloaydtav Sl EOOL TG OTOUATIKNAG KOIAOTNTAG, dTAV TO
eminedo NG XelpoLPYIKNG avatoOnoiog nrav emapkEg (€X-
Aelyn avToVOKAOOTIK@Y, ETTOPKNG HUIKT XAA&PwoT), ENAEWYN
avTidpaong oTo XelpoupYiko epediopd). XpnolpomolwvTog
Tot 0pOOT A OTHELR TIOV €XOVV TIPONYOLHEVWG TIEPLY pa el
(Waterman & Hashim 1991, Pavlidou et al. 2014), to pna-
AOVLTOU eVOC KaBETHpat ELOAYOTAV GTO GTOHOKO YL T1) [Lé-
TpNomn NG Py Katt To prtaddvi Tov Sevtepo Tomobetovvtay
OTO [ECO TPITO TOU OLGOPAYOUL Yot TNV HETPNOT TNG Poes.
H owotr) tomoBétnon twv kabetipwv enPefatovotay pe
NV Tapatiipnon Tewv BETIKOV Kol apvNTIKOV KUHATOHOP-
GOV TV THECEWV TNG Pyyg Katt Py, v TioTOLK O, 0TV 006VNY
vnoloyloth. Ot kaBetpeg acparifovtal otn Béon Toug
otabepomolwvTag Toug oToV evSoTpaxetakd Kabetrpa.
Otodnyoi adatpotvTay, ol kKabeTrpeg cUVSEOVTAY pe TOVG
peTaTporeig mieong Kat Ta ptahovia yepilovtav pe 0,5-1
ml aépa. OL nhekTpiKéG CUVOETELG OITO TOVG HETATPOTIEIG
TIPOCUPTWVTAY G€ GUOKELT TTapakoAovBnong mieong, e
Kat&Anho Aoytopuko (Pressure Monitoring system Buzzer-
II; Michael Roehrich, Austria) kat peté o€ vitohoytotr). Ot
pHeTatporeig tieong undevifovtav oty atpooatpikr) mieon
Tipty art6 kabe pétpnon. H tpormomotnpévn poavotfpa tou
Mueller epappolotav pe orkord va AndpOoy ot HEYIOTEG Py,
Pyt Kol Pyi. ZuyKexplpéva, o evSotpoaxelokds kabetripag
aIrocLVOEO TV aTTO TO AVaoONTIKG KUKAWHO KAL TO GKPO
TOU ATTOKAELOTAY AEPOCTEYWG e TOV AVTIXELPA, KATA T

Trans-diaphragmatic pressure in ICU

shown to decrease diaphragmatic contractility
(Ora et al. 2011).

Twenty-seven client-owned dogs, status ASA
II-1V, were enrolled in this clinical study. For each
dog, age, breed, sex, body weight and clinical
diagnosis of illness were recorded within the first
24 hours following ICU admission; mentation
score was assessed at admission in order to es-
timate the true baseline mental status before the
administration of any analgesia or anaesthesia.
The dogs were allocated to five groups: peri-
tonitis/intra-abdominal surgery, intra-thoracic
surgery, respiratory disease, neurologic disease
and neoplasia. A thorough clinical examination
was performed and values for certain respiratory
parameters regarding the evaluation of the res-
piratory function were obtained on admission of
the dog in the ICU (Hayes et al. 2010). Arterial
blood gases analysis gave information about the
pH, oxygen partial pressure (PaO,), carbon diox-
ide partial pressure (PaCO2) and the ratio oxy-
gen partial pressure/fraction of inspired oxygen
(PaO,/FiO,). Moreover, the blood concentration
of lactate as an index of the severity of a critical
case was measured on admission.

The Py was measured with the application
of the Mueller’s manoeuvre, during the first 24
hours of the animal hospitalisation in the ICU,
under the same plane of anaesthesia in all animals.
At a surgical anaesthetic level (lack of reflexes,
adequate muscle relaxation, lack of response to
surgical stimulation), two 90 cm long oesophageal
balloon catheters with guide wires (Esophageal
Balloon Catheter Set; CooperSurgical Company,
CT, USA) were introduced orally. Using the
landmarks that have been previously described
(Waterman & Hashim 1991, Pavlidou et al. 2014),
the balloon of the first catheter was introduced
into the stomach for the measurement of Py,
and the balloon of the second catheter was
positioned in the mid-third of the oesophagus for
the measurement of P,,.. The correct positioning
of the balloon catheters was confirmed by the
observation of positive and negative pressure
tracings of Py and P, respectively, on a
computer screen. The catheters were secured
in place by fixing them on the endotracheal tube.
The guide wires were removed, the catheters were
connected to the pressure transducers and the
balloons were inflated with 0.5-1 ml of air. The
electrical connections of the transducers were
attached to a pressure monitoring device with
the appropriate software (Pressure Monitoring
system Buzzer-1I; Michael Roehrich, Austria) and
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SLdpKeLor TG AVATTIVELOTIKAG TTAUAXG, HETA TO TENOG TNG
EKTIVONG, KAl aLTO avdyKale To {wo va avarvedoel e
KAELOTO aepaywyo (Tportorounpévn povovPpa tov Mueller)
(Pavlidou et al. 2014).

To avaioOntiké mpwtdKollo Sev Oa popovae va ei-
vau emakpLpog kaboplopévo yiar Oha Ta (oo, Kabwg auTd
Bpiokovtav oe StadopeTikég kKAWIKEG ouvOnKes. Etat, n
eMAOYT) TOU avaLoONTIKOU TIPWTOKOAAOL YIVOTAY HE €V
TPOTIO WOTE v €M pedlel 660 To SuvaTov AtyoTepo TN Py;
(Pavlidou et al. 2013). [t To Adyo avTd, 1 TpOAVALGONTIKA
aywyr) Siédpepe avapeoa oTa (O, VO 1) EYKATAOTACN KAl
n Swatrpnon g avalotnoiog Arav n idia yor dha ta {oa.
H eykatdotaon tng avalednoiog yvotav fe mpomopoin
(Propofol MCT/LCT, Fresenius, Fresenius Kabi, Greece)
evOoPpAeBing £wg amoTeAéopaTOC. ApXIKE XopnyolvTay
d060om 1-2 mg kg'1 kat akolovBovvrav, e&v xpetaldtay, armod
avfavopeveg §doelg Twv 0,5 mg kg, uéxptn Stacwinvwon
NG Tpaxeiog va nrav epiktr. H diatipnon g avaiodn-
olag ywotav pe wooprovpdvio (Isoflurane, Merial, Italy)
oe o€vydvo. Oha ta {wor avémveay avtdpata. H por) Tov
ppéoxov aepiov (100% ofvydvo) ftav 1,5 L min? péow
KUKALKOU avaloBnTikob KUKAOUATOG.

[ TV oTaTIoTIKH av&AvoT, Xpnotporolidnke n ova-
Avon g Stakdpavong ylo va a€loAoynoet omoladnnoTe
Slapopd avapesa oTIG LETPOVHEVES TIXPAHETPOUG, (e ELSIKO
Aoylopkd (IBM SPSS 24). To emineSo onpavTIKOTNTOG
opiotnke oe p=0,05.

Amoteléopata

1t pelétn ovpnepangOnkav 27 okvrot (17 apoevikoi,
10 BnAvkoi), nhikiag 1-15 (6,6+4) etmv (pH€omn Tiur tTumt-
K1) artdkAion), cwpatikoL Bapoug 3-40 kg (16,7+12,3). H
ELOAYWYT) TOV KAOETHpwV pe pHrtaovi tay advvarn oe 15
TIEPUTTAOTELG, eTTeldN 0 KaBeTrpag Sev pmopovoe va epdael
TOV KAT® 0l00PaYIKO GPIKTAPA. AéKa OKUAOL TIPAV WG
nipovépkwor de€pedetopdivn (Dexdomitor, Pfizer, Greece)
oe 5601 175 pg m? evSopuikwg (IM), povn 1) oe cuvSvacpod
pe pe@adovn (Synthadon, LeVet, The Netherlands) oe §6on
0,1 mg kg™ IM, 5 okVAot aketvhompopalivn (Acepromazine,
Alfasan, The Netherlands) 0,05 mg kg™ IM kat peBadovn
0,1 mg kg' IM, 8 okOhot pevtavoln (Fentanyl, Janssen-
Cilag, Greece) 1 pg kg kat pudalorapn (Dormipnol, Viofar,
Greece) 0,5 mg kg evdopAefing, kat TéAog 4 okdA ot Sev
mpav K@AoL TTpoVAPKWaT.

H péon tipnxrumikn amoxiion g Py ftav 11,2457
mmHg, TG oLYKEVTpWOT TV YOAAKTIKGOV 2,4+1,2 mmol
L*, g Pa0, 349+171,7 mmHg, tng PaCO, 49+14,4 mmHg
Kat tov Aoyou PaO,/FiO, 352,2+156,4 mmHg. H meptypa-
QIKT) GTATIOTIKT YLot OAEG TIG TTAPATIAV® TIAPAUETPOUG OTIG
TévTe SladpopeTikeG opddes paivovtat otov IMivaka 1.

Avapeoa 0TI TIEVTE OUAOEG LTI PXE OTATIOTIKWG OT)-
pavticr Stadpopd yua v PaO, (p=0,015) kat yia tov Adyo
PaO,/FiO, (p=0,002). AvtiBéTwg, Sev UTpyE OTATIOTIKWG
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then to a computer. The pressure transducers were
zeroed to the atmospheric pressure prior to each
measurement. In order to obtain the maximum
Poess Pyas and Py, a modified Mueller’s manoeuvre
was applied. In particular, the endotracheal tube
was disconnected from the anaesthetic circuit
and the distal end of the tube was tightly closed
with a thumb during the respiratory pause after
the end of expiration, and thus forcing the dog to
breath against the obstructed airway (modified
Mueller’s manoeuvre) (Pavlidou et al. 2014).

The anaesthetic protocol could not be abso-
lutely standardized for all animals as they were
suffering from different clinical conditions. Thus,
the anaesthetic protocol was selected in a way
to minimally affect the Py (Pavlidou et al. 2013).
For this reason, the preanesthetic medication
differed among the animals, whereas the induc-
tion and the maintenance of anaesthesia was the
same in all animals. Anaesthesia was induced
with propofol (Propofol MCT/LCT, Fresenius,
Fresenius Kabi, Greece) intravenously to effect.
An initial dose 1-2 mg kg1 was given followed,
if needed, by incremental doses of 0.5 mg kg™
until endotracheal intubation could be easily
performed. Anaesthesia was maintained with
isoflurane (Isoflurane, Merial, Italy) in oxygen. All
animals were breathing spontaneously. Fresh gas
(100% oxygen) flow was delivered at 1,5 L min
through a circle rebreathing system.

For the statistical analysis, analysis of vari-
ance was used to evaluate any difference of the
measured variables among the groups with a
computer software (IBM SPSS 24). The level of
significance was set at p=0.05.

Results

Twenty-seven dogs (17 males, 10 females) 1-15
(6.6%4) years (meantstandard deviation) old,
weighing 3-40 kg (16.7+12.3) were included in
the study. The insertion of the balloon catheter
was impossible in 15 cases, because the catheter
could not pass through the lower oesophage-
al sphincter. Ten dogs were premedicated with
dexmedetomidine (Dexdomitor, Pfizer, Greece)
at 175 ug m intramuscularly (IM) alone or in
combination with methadone (Synthadon, Le-
Vet, The Netherlands) at 0.1 mg kg IM, 5 dogs
with acepromazine (Acepromazine, Alfasan, The
Netherlands) at 0.05 mg kg IM and methadone
at 0.1 mg kg™ IM, 8 dogs with fentanyl (Fentanyl,
Janssen-Cilag, Greece) at 1 pg kg and mida-
zolam (Dormipnol, Viofar, Greece) at 0.5 mg



Trans-diaphragmatic pressure in ICU

MNivakag 1. H péon TIUA£TUMIKE amokAIon TG HEPIKAG TTieong Tou o§uyovou (Pa0,), TN HEPIKNG TTieang Tou Sloeldiou
Tou dvBpaka (PaCO,), Tou Adyou pePIKAC ieong Tou o&uydvou/KAdoua elomveduevou o§uyovou (Pa0,/Fi0,), Tng Sia-
Slappaypatikic mieon (Py) Kal TwV YOAAKTIKWY OTIG TIEVTE OUASEC OTIC OTToieC Ta {Wa KATAVEUNONKAV CUMPWVA UE TNV

artia tng mpookouiong otn MEO.

Mapdpetpog Oudda Méon tipn Tumkn andkAion
ToAaKTIKA meptrovitida/evoo-Kolakn eméupaon 24 14
evbo-Bwpakikr eméppaon 15 1,0
QVATTVEVOTIKO 2,7 14
VEUPONOYIKO 25 09
veomaoia 33 1,5
Pa0, TEPITOVITION/EVE0-KONOKY €MépBaon 405,3 1339
evO0-Bwpakikr eméppaon 186,6 154,8
QAVATVEVOTIKO 508,6 27,1
VEUPONOYIKO 408
veomaoia 2022 159,8
PaCO, neprovitida/evoo-koakr enéupaon 45 13,1
evdo-Bwpakikn emépBaon 60,3 34
QVAMVEUOTIKO 57,0 89
VEUPOAOYIKO 61,6
veomaoia 374 18,5
P meptrovitida/evoo-Kolakn eméupaon 9,2 36
evbo-Bwpakikr eméppaon 1,2 5,1
QVATIVEVOTIKO 14,4 6,6
VEUPOAOYIKO 129 73
veomaoia 76 52
Pa0,/FiO;, TEPITOVITION/EVE0-KONOKY €MépBaon 413,8 42,2
evO0-Bwpakikr eméppaon 186,6 154,9
QAVATVEVOTIKO 508,6 27,1
VEUPONOYIKO 408
veomaoia 2022 159,8

onpavtikn Stapopd yla t Py (p=0,368), 1 PaCO, (p=0,054)
KOL TN OLYKEVTPWONG TV YAAXKTIK®V (p=0,368), avdpeca
OTIG OUAESEG.

2uCrtnon

To kOplo eVpNHX AVTAG TNG HENETNG ElVAL OTLT) TEXVLKT Yot
™ pétpnon g Py pe ) xprion kabetrpov pe palove
HITopel eTTUXAOG Vo epappooTel oe okVAovg o1 ME®. To
AVOITVEVOTIKO GUGTNHA aTToTENE(TaL aTtd SO U€PN: TOUG
TIVEDHOVEG WG OPYAVO aVTAAAXYTIG KL TV AVATTVEVOTIKT
avtiia. To Sippaypa eival 0 KUPLOG AVATTVEVGTIKOG HUG
Kat oupPaAAel tepimov oto 60% TOL dYKOU AVATIVOT|C,
otov avBpwro oe OTia B€om. ITapdAo Tov AarpBavert pikpr)
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kg™ intravenously, and finally 4 dogs were not
premedicated at all.

Meanz+standard deviation of Py; was 11.2+5.7
mmHg, lactate 2.4+1.2 mmol L*, PaO, 349+171.7
mmHg, PaCO, 49+14.4 mmHg, and the ratio
PaO,/FiO, 352.2+156.4 mmHg. Descriptive sta-
tistics for all the above parameters in the five
different groups are shown in Table 1.

There was statistically significant difference
in the PaO, (p=0.015) and the ratio PaO,/FiO,
(p=0.002) among the five groups. In contrast,
there was no statistically significant difference
in the Py (p=0.368), the PaCO, (p=0.054) and
the lactate concentration (p=0.368) among the
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Table 1. The meantstandard deviation of oxygen partial pressure (Pa0,), carbon dioxide partial pressure (PaCO,), ratio
oxygen partial pressure/fraction of inspired oxygen (PaO,/FiO,), trans-diaphragmatic pressure (Py) and lactate in the five
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groups that the animals were allocated according to the cause of the admission in the ICU.

Variable Group N Mean Std. Deviation
Lactate peritonitis/intra-abdominal surgery 8 24 14
intra-thoracic surgery 5 1.5 1.0
respiratory 5 2.7 14
neurologic 6 25 09
neoplasia 3 33 1.5
Pa0, peritonitis/intra-abdominal surgery 7 4053 1339
intra-thoracic surgery 4 186.6 154.8
respiratory 4 508.6 27.1
neurologic 1 408
neoplasia 3 2022 159.8
PaCO, peritonitis/intra-abdominal surgery 7 415 13.1
intra-thoracic surgery 4 60.3 34
respiratory 4 57.0 89
neurologic 1 61.6
neoplasia 3 374 185
P peritonitis/intra-abdominal surgery 8 9.2 36
intra-thoracic surgery 5 11.2 5.1
respiratory 5 144 6.6
neurologic 6 129 73
neoplasia 3 76 52
PaO,/FiO; peritonitis/intra-abdominal surgery 7 4138 422
intra-thoracic surgery 4 186.6 154.9
respiratory 4 508.6 27.1
neurologic 1 408
neoplasia 3 2022 159.8
TPOGOYT), 1] PUCLOAOYIKT) AELTOVPYia TOL eival apKeTd oT)- groups.
HavTIKT Yo tov avatoOnotohdyo (Pavlidou et al. 2014). H
Suolettovpyia Tov ouviBwg avayvwpiletat, Kuping aTovg . .
avBpamoug, 6tav Sev elval PIKTOG 0 ATIOYAAAKTIOHOG ATTO Discussion

Tov avartvevotrpa. [ 1o Adyo avtd, n afloddynon g
Aettoupyiag Tov SlappayHaTOG Eivat Eva XPrOLHO HECO OTN
ME® yla TNV eKTiUNo™N TNG aVATTVEVOTIKNG VETTAPKELAG
oe enipapupévoug aobeveig.

Zoppova pe Tn Pproypadic, n KOpL aLTio TPOTKOL-
ongavBpanwy ot ME® eivat avamveuotika poPAfpara,
OTIWG Ot TINEVPLTIKEG GTUANOYEG Kat 1] SLaPpayaTOKNAN.
EnutAéov, n mietovotnTa tov TafoloyKov KataoTdoemy
EMNPEALOVV TNV AVATTVEVOTIKI AELTOUPYIX KL WG OLVETTELX
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The main finding of this study is that the technique
of P4 measurement with the use of balloon cathe-
ters can be successfully applied in dogs in the ICU.
The respiratory system consists of two parts: the
lungs as an exchanging organ and a ventilatory
pump. The diaphragm is the main respiratory
muscle and it accounts for about 60% of the tidal
volume in supine position in humans. Although it
has received little attention, its normal function is



autwv epdaviletal to cOvEpopo TG ofelag avarvevoTIKAG
duoxépetag (ARDS).'Etot, katd v ipookoon oty ME®
1) Katd T SiapKeta NG voonheiag prtopel va avartuyOel
dvolettovpyia Tou Siappaypatog (Berger et al. 2016).

Ztoug avBpwitoug, n) Aettovpyio Tov Stadppaypatog givat
évag Paotkog mapdyovtag o orolog ennpedlet dxt povo Tov
ATTOYOAOKTLGHO OITO TOV UNXAVIKO aeplopd 6Toug acbeveig
ot ME®, aA\é ko Tn Siaprela g voonAelag (Jaber et al.
2011). H enidpoaon piag foptag vooou oTn Aettovpyio Tov
QVATTVELOTIKOD HLOG elval yvwoTh g «aduvapia o1 MEO»
Kat TTpokoeiTal péow SladopeTikdv TTatdoPpualoNOYIKGOVY
pnxaviopov (Kress & Hall 2014). Avto 1o patvopevo eival
n KOpla attior TG BvnopdTNTaG KAt TG «HAKPOXPOVING»
voonpotntag oe acBeveig ot ME®, ad\d n) mparypatikn
ovxvotnTa dev eivat yvootn (Callahan & Supinski 2009).

Zopgova pe t BPAoypadio 0TV LaTpLKh TOL avBpw-
IOV, aLPXLKEG TiEPLY pardEC yla T «aduvapio ot ME®» oe
emPapupévoug aobeveic eixov avapepei amd Tov Osler
(1915) o vevpopvikr Suolettovpyio oe aaBeveig pe oy,
kot artd tov Olsen (1956) oe mepipepikr} vevpomabela oe
aocBeveic oe kKOpa. Apyotepa, 1 pvortdOela teptypddnke
oe aobBeveig pe aoBpa amd tovg McFarlane & Rosenthal
(1977), ko n mohvvevpomndBeta oe acBeveic ot ME® amo
Toug Bolton et al. (1984).

H ovotnuatikn pAeypovi, To pappoka, ol NAEKTPOAD-
TiKéG StaTaporyég Kal n akLvnaoio EXouv Teply padel wg autieg
naBoyévelag TnG «aduvapiog ot ME®» (Jolley et al. 2016).
H advvapia Twv puev Tov aKpwv Kot TOL GVAITVELGTIKOD
elval T IO oLV KALVIKA EVPHHATA ALTOV TOL CLVEPO-
pov. H avamvevoTtikr puikn aduvapio mopatnpeital wg
HelwpeVn SUVAHN TOL SladPAYHATOC, Kol KATH GUVETTELX
avarrtvooetat ARDS (Hermans et al. 2010).

Avo potifa Suohettovpyiag Tou SLAPPAYHATOG EXOUV
nieptypadel oe emPapvpévoug aobeveic. Apxikd, To Ot-
aPppaypa, OTwg OAot ol GANOL ypappwTol (vEg, ummopel
V& eUITAKel O€ [La YEVIKEVHEVT) OPYAVIKI] OVETIAPKELX
TI0L OXeTileTal e TO GOK Kal Topatnpeital o€ ToANolg
acBeveic ot ME®. Zbpdwva pe Tov Sebtepo pnxaviopod,
n Stxppaypatiky Suokettovpyio propel va epdavioTel
Katé TN Staprela NG vooneiag ot ME®, wg ouvénela
NG VELPOUVIKNC SLATAPAXTIG 1] TOU ETILUNKVHEVOU HNXOVL-
KoV aeptopod (Demoule et al. 2013, Demoule et al. 2016).

H avamnveuotikr) umootrpi€n mapapével lio arapaitnm
Kal owoTikn Beparmeio yia acBeveic ot ME® pe ofeia
AVOTTVEVOTIKY avemdapKela. ZOpdwva pe Toug Esteban et
al. (2000), To 40% TV emPapvpévey acbevev otn MEO
vrootnpifovrat pe pnyovikd aeplopod yio Sikpeon didpketa
5-7 nuépeg Kot 1o 30% vtV £X0LV TTPOPARHATA ATTOYA-
AakTiopoU artd Tov avarnvevotrpa (Esteban et al. 1995). H
OVOUTVEVOTIKT) HUIKH aduvaplio ) omoia TTpokaeital amoé
TO UNXAVIKO aeplopd paivetal va amoTelel OLOLAOTIKA
QVATTIVELOTIKT KOTIwoT). H mpokadolpevn and tov ava-
nivevotrpa Stappaypatiki SuoAettovpyia (VIDD) opiletat
G 1) ATTOAEL TNG IKAVOTN TG TTAPAywY NG OLXPpayHATIKAG

Trans-diaphragmatic pressure in ICU

of great importance for the anaesthetist (Pavlidou
etal. 2014). Its dysfunction is usually recognized,
especially in humans, when it is not possible to
wean from the mechanical ventilation. There-
fore, the evaluation of diaphragmatic function
is a useful tool in the ICU to assess respiratory
failure in critically ill patients.

According to the literature, the main cause
for admission in the ICU is respiratory prob-
lems, such as pleural effusions and diaphragmatic
hernia in humans. Moreover, the majority of
pathological conditions influence the respiratory
function, and acute respiratory distress syndrome
(ARDS) arises as a consequence of severe diseases.
Thus, diaphragmatic dysfunction may develop
upon admission in the ICU or during the hos-
pitalization (Berger et al. 2016).

In humans, diaphragmatic function is a major
determinant that affects not only weaning from
the mechanical ventilation in the ICU patients,
but also the duration of hospitalization (Jaber et
al. 2011). The effect of critical illness on respira-
tory muscle function is known as “ICU-acquired
weakness” and it is induced via many different
pathophysiological mechanisms (Kress & Hall
2014). This phenomenon is a major cause of mor-
tality and “long-term” morbidity in ICU-patients,
but its true prevalence is not known (Callahan
& Supinski 2009).

According to the literature in human medi-
cine, early descriptions of “ICU-acquired weak-
ness” in critically ill patients had been reported
by Osler (1915) on neuromuscular dysfunction
in patients with sepsis and by Olsen (1956) on
peripheral neuropathy in patients in coma. Later,
myopathy was described in patients with status
asthmaticus by McFarlane & Rosenthal (1977),
and polyneuropathy in patients in the ICU by
Bolton et al. (1984).

Systemic inflammation, drugs, electrolyte dis-
turbances and immobility have been described as
causes of the pathogenesis of the “ICU-acquired
weakness” (Jolley et al. 2016). Limb and respira-
tory muscle weakness are the most common
clinical findings in this syndrome. Respiratory
muscle weakness is observed as decreased di-
aphragmatic strength, and consequently ARDS
develops (Hermans et al. 2010).

Two patterns of diaphragmatic dysfunction
have been described in critically ill patients. First-
ly, the diaphragm, as all the other striated muscles,
can be involved in the shock-related generalized
organ failure and it is observed in many patients
in the ICU. According to the second mechanism,
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Suvapng, Aoy Tou pnxavikol aeplopov (Berger et al. 2016).
Avt 1 pelworn oTny IKavoTN TG Taparywyng dvvaung Sev
oxetileTal e aAay£C GTOV GYKO QVAITVOT|G, 0TNV evEoKOL-
Aok ev80TIKOTNTA 1) 0TN AetTovpYia TOL PPEVIKOD VEDPOU.
Avtibétwg, autr) utodniovel tpwtoyevr) Suoettovpyia Tov
Slappdrypatog, 1) omoio oxeTiletoat e aANAYEC GE KUTTAPLKO
emntinedo. Emimpdabeta, n Suohettovpyia Tov Stadparypartog
pitopel va tpokAnBei Sevtepoyevig armd dAAeg attieg OTwg
elvat n oNYn, N CLOTNUATIKY) XOPNYNOT) KOPTIKOOTEPOEL-
dwv Kat vevpouvikov arokAelotwv (Ochala et al. 2011),
1 TTOAVOPYQVIKT) OVETIApKELA Kott 1) uTtepKaTtvia (0€éwan).

ZOppwva He Ta TTapaITdve, GpatveTal armapaitnto va
afloloyelTal 1 avaTveLGTIKY AELTOLPYIX OTOVG GKOAOVG
oe kpiowun kataotaor. [l autod, o KOPLOG OKOTIOG AVTHG
NG KAWVIKNG HeAETNG fTay 1) Slepebivnon TG ammoTeAeopa-
TIKOTNTAG TNG HETPRonG TNG Py otn ME®.

Z1nv mapovoa KAVIKT) HENETN, 1) TTpovapKwaT) Oev Ba
Hitopotoe va eivat idLa ylor GAOUG TOUG PapemS TAOXOVTES
aoBevelg, e€attiag TG SLAPOPETIKNG KAWVIKHG TOUG KATH-
otaong. Avtdg eival vag TePLOPLopOG TNG HEAETNG, KB WG
Ta SlapopeTIKA P&ppaKa TNG TpoavaloOnTIKAG aywyrg,
fowg eixav mOIKIAN eniSpacn 0T CLOTIACTIKOTATA TOV
Stappaypatos. QoT600, TO TPWTOKOANO YA TNV eyKo-
TaoTaon kat T datipnon g avatednoiog nrav to ido
yior OAa T {00t ZOUPOVA [E it TTPONYOVUHEVT HENETT), 1)
GeVTOVOAN Kal 1) TTPOTTOPOAN PpaiveTal OTL HELOVOLV TN
OULOTIACTIKOTNTA TOL StadpdypHatog, KaBDGS oL TiEG TG Py;
nrav 12,0+5,9 mmHg kat 12,2+3,2 mmHg avtiotola, oe
oxéon e to .woprovpavio (14,9+4,7 mmHg), oe okOAOUG
urtd avatoOnoia (Pavlidou et al. 2013). Qot1600, N TIHH TNG
Py oty mapovoa pekétn Hrav xapnAotepn amnd Tig ma-
POTTAV® TLHEG AVAPOPEG Kol U TS HITopel va LTTOONAWVeL
KATOGTOAN TNG GLOTIXGTIKOTNTOG TOL dlaPpAYHATOG O€
emPapupévoug okvAovg ot ME®.

O Noyog PaO,/FiO, xpnotpomnoteitat wg deiktng dvo
OTHOVTIKGOV GUVOPOU®Y TOL AVATTVELOTIKOV pe YNAT Vo-
onpotnTa Kot OvnopotnTo: Ty ofeia PA&RN Tou TTVeL OV
(ALI) ot o aOvOpopo o€eiag avarmmvevaTIKhG SLOXEPELAS
(ARDS) (Rubenfeld et al. 2005, Matthay et al. 2012). Mix
péon T Tov PaO,/FiO, pikpotepn arrd 300 mmHg vrro-
dnhaver ALT kat pikpotepn a6 200 mmHg vrodnhwvel
ARDS, kat otouvg avBpamoug kat ota {wa (Calabro et al.
2013). Xe auT} TNV KAVIKY HEAETN, 1) HECT) TIUAETLITIKN
artokALon Touv Aoyou PaO,/FiO, frav pkpotepn amd 300
mmHg pévo otnv opada tng veormhaoiog KatL avTtod LITOdN-
Awvel Ty apoucia Tov cuvdpdpov ALI oe avtd Tar {oa.

H pétpnon ¢ ouyKEVTPOONG TwV YOAXKTIKGY OTO Ol
Bewpeital oTLElVAL EVar XpT)OLHO EPYOAEID OTNV LATPLKT) KOl
KTNVIATPIKN KAVIKY TTpAgn Kabwg 1 utepyodakTiKatpLio
Kot 1 YoAaKTIKT) 0&€won epdavilovtal cuxvd oTny KTn-
viatpikn oe acBeveic ot ME® (00K, XapnAr kapdtokn
mapoxn, ofela NIATIKY avemdpKela, oy, veomhaoia,
niepirovitida, dSnAntnpioon Kot GpappakevTIKn aywyr). Ot
TIHEG aVaPOPEG YIOL TT CUYKEVTPWOT) TV YXAAKTIKGOV GTOUG
oKUAOUG O€ avartavon eivat kK&to amd 2,0 mmol L péxpt
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diaphragmatic dysfunction can occur during the
hospitalization in the ICU, as a consequence of
neuromuscular disorder or prolonged mechan-
ical ventilation (Demoule et al. 2013, Demoule
et al. 2016).

Ventilatory support remains an essential and
life-saving therapy for patients in the ICU with
acute respiratory failure. According to Esteban
et al. (2000), 40% of critically ill patients in the
ICU are mechanically ventilated for a median
duration of 5-7 days and 30% of those have prob-
lems weaning from the ventilator (Esteban et al.
1995). Respiratory muscle weakness which is
caused by mechanical ventilation seems to be a
state of respiratory fatigue. Ventilator-induced
diaphragmatic dysfunction (VIDD) is defined as
aloss of diaphragmatic force-generating capacity
because of mechanical ventilation (Berger et al.
2016). This decrease in force-generating capacity
is not related to changes in lung volume, abdom-
inal compliance or phrenic nerve function. In
contrast, it suggests a primary diaphragm muscle
dysfunction which is associated with cell changes.
Additionally, diaphragmatic dysfunction may be
caused secondary to other causes such as sepsis,
administration of systemic corticosteroids and
neuromuscular blocking agents (Ochala et al.
2011), multiple organ failure and hypercapnia
(acidosis).

According to the above, it would seem es-
sential to evaluate the respiratory function in
critically ill dogs. Therefore, investigation of the
feasibility of Py measurement in the ICU was the
main aim of this clinical study.

In the present clinical study, the premedica-
tion could not be standardized in all the critically
ill patients, because of their different clinical sta-
tus. This is a limitation of the study, as the different
types of preanesthetic medications used may have
variably affected the diaphragmatic contractility.
However, the protocol for the induction and the
maintenance of anaesthesia was the same in all
animals. According to a previous study, fenta-
nyl and propofol seem to reduce diaphragmatic
contractility, as Py values were 12.0+5.9 mmHg
and 12.2+3.2 mmHg respectively, in comparison
with isoflurane (14.9+4.7 mmHg) in dogs under
anaesthesia (Pavlidou et al. 2013). However, the
value of Py in the present study was lower than
the above reference values and this may imply
depression of diaphragmatic contractility in crit-
ically ill dogs in the ICU.

The PaO,/FiO, ratio is used as an index of
two important respiratory syndromes with high



3,5 mmol L. Zop¢pwva pe peréteg 6Toug avBpwmoug, pia
HOVO HETPNON TNG CLYKEVTPWONG TWV YOAXKTIKGOV OXETI-
Cetat pe TNV POy VWA TNG eMPiwong. ZTnv KTNVIXTPLKD,
paiveTal va LTTEPXEL OXEOT) AVAUECH 0TI OLYKEVTPWOT)
TV YOAXKTIKGOV KAL TNV €KPaon T TEPLOTATIKOD GTOVG
okOAovg (Bernardin 1996, de Papp et al. 1999). Xt dikn
HOG HEAETN, ) CUYKEVTPWOT) TWV YOAXKTIK®V NTay 2,4+1,2
mmol L™ xwpic oTatioTiked¢ onpavTikn Stadopd avipeoa
oTIG opddeg (p=0,368).

2TOUG TIEPLOPLOUOVE TG CUYKEKPLUEVTG LENETNG TTEPL-
Aappdavovtal 6ot ekeivol oL TapdyovTeg oL oToiot ernpe-
dlovv tn pétpnon tng Pdi. ITpdyto amd dha, n) pétpnon g
Py pe kaBeTripeg pe PTadovi elvat epIkTr HOVo LTI YeVIKT
avaloBnoia 6Toug GKOAOUG KAl 1) eloarywyT) TOL KaBeTrpa
He PITaAOVL ATV adOVATH 08 KATIOLEG TTEPUTTWOELS OTIWG
éxel avapepBel ota amotedéoparta. Etot, 8e pmopel va
epappootel o€ 6AovG TovG oKkVAOLG 0T ME® Kkat ot
HeAETN pog 1 péTpnon NG Py Sev frav epappooiun oe
OAEG TIG TIEPLITTWOELG.

ZUUTTEPACHX

Zvvoyilovtag, n TeXVIKN TNG HETPNoNG TG Py pe T xprion
KABETHPWV e UTTAAOVL UITOPEL ETUTUXMOG VO EPAPHOOTEL OE
okVlovg o1 ME®. EmimAéov, n) pétpnon tng Py propei va
yivet éva xpriolpo epyaleio yia v alohdynon g Aet-
ToUPYinG € EMPAPLEVOUS TKUAOUG KATA TNV TIPOOKOULOT
Ka/n Katé 1 StdpKela TG voonheiag Tovg ot ME®.
T0YKPOUOT) CUHPEPOVTI®V

Ot ovyypadeic Snhmvouy ot Sev vtdpyel GVYKpoLON
OUHPEPOVTWV.

To ¢pyo ovyxpnpatodoteitat and tnv EAN&Sa kot tnv
Evpomnaixr Evwon (Evpwnaiké Kowvwvikd Tapeio) péow
tov Emixelpnotaxot Ipoypdppatog «Avamtuén AvBpw-
niivou Avvaptko, ExmaiSevon kat A Biov Mabnon»,
oto mhaioto tng Ipaéng «Evioxvon Metadidaktdpwv
epeuvnTOV/epevvnTplmv» (MIS-5001552), mouv vlomotel
10 I8pupa Kpatikaov Yrotpogiav (IKY).
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morbidity and mortality: acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS)
(Rubenfeld et al. 2005, Matthay et al. 2012). A
mean value of PaO,/FiO, less than 300 mmHg
indicates ALI and less than 200 mmHg ARDS,
both in humans and in animals (Calabro et al.
2013). In this clinical study, the meantstandard
deviation of PaO,/FiO, ratio was less than 300
mmHg only in the group of neoplasia and this is
indicative of the occurrence of the ALI syndrome
in these animals.

Measurement of lactate blood concentration
is considered to be a useful tool in human and
veterinary clinical practice as hyperlactatemia and
lactic acidosis occur frequently in veterinary ICU
patients (shock, low cardiac output, acute liver
failure, sepsis, neoplasia, peritonitis, poisoning
and drug therapy). The reference values for the
lactate concentration in dogs at rest are low than
2.0 mmol L™ to 3.5 mmol L. According to stud-
ies in humans, a single measurement of lactate
concentration is associated with the prognosis of
survival. In veterinary medicine, there seems to
be a relationship between lactate concentration
and outcome in dogs (Bernardin 1996, de Papp et
al. 1999). In our study, the lactate concentration
was 2.4+1.2 mmol L* without any statistically
significant difference among the groups (p=0.368).

Limitations of the present study include all
those factors that affect the Py; measurement. First
of all, the Py measurement with balloon catheters
is feasible only under general anaesthesia in dogs
and the insertion of the balloon catheter was im-
possible in some cases as it has been referred in
the results. So, it cannot be applied to all animals
in the ICU and in our study, the measurement
of P was not applicable in all cases.

Conclusion

In summary, the technique of Py; measurement
with utilization of balloon catheters can be suc-
cessfully applied in dogs in the ICU. Furthermore,
P4 measurement can be a useful tool for the as-
sessment of diaphragmatic function in critical-
ly ill dogs at the admission and/or during their
hospitalization in the ICU.
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