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ABSTRACT

Relevance: An endotracheal tube (ETT) cuff provides a seal and encloses the lower airway from aspiration. Normally,
the pressure in the ETT cuff'is in the range of 20 to 30 cm of water column. Both increased and insufficient inflation of the

ETT cuff'is associated with a number of complications.

The study aimed to compare the palpation and apparatus methods of pressure control in the endotracheal tube cuff

during anesthesia in cancer patients.

Methods: A prospective observational study included 60 patients during general anesthesia in the department of
anesthesiology and intensive care of KazIOR. Air was injected into the ETT cuff using a syringe, followed by palpating the
ETT cuff balloon and pressure control using the IntelliCuff device (Hamilton Medical, Switzerland). The actual pressure was
compared with normal values, then the air volume, actual and necessary to achieve normal pressure, was estimated.

Results: Assessment of the pressure level by the “classic” palpation method led to errors in the pressure level in the ETT
cuff in more than 50% of cases; the normal level of pressure was only in 25 patients (42%,), while the measured air volume
in the cuff was on average 5.9%1.9 mL, although for the average air volume to achieve a pressure of 25 mm of water column
was 3.9 mL, which led to an overestimated level of pressure in the ETT cuff.

Conclusion: Determining ETT cuff pressure by palpating the control balloon is a common practice that often results in
incorrect pressure readings. At the same time, both high and low pressure in the ETT cuff is associated with complications.
Using devices for measuring pressure in the ETT cuff allows you to control its level, while devices that allow prolonged

monitoring of pressure in the ETT cuff have an advantage.

Keywords: endotracheal tube, cuff pressure control, microaspiration, tracheal intubation, lung ventilation.

Introduction: Since the first use of endotracheal tubes
(ETT) in 1900, this technique has been the “gold standard”
in maintaining airway patency [1]. Ensuring the tightness
of the respiratory tract after the ETT installation provides
prevention of aspiration of gastric content into the respi-
ratory tract by inflating the intubation tubes cuff. Modern
ETTs often have low-pressure cuffs, which prevent trachea
wall injury. The palpation of the pilot cylinder is the stan-
dard way for ETT cuff pressure control. For a long time, it
was considered that trained clinicians could determine the
correct pressure in the ETT cuff, but that viewpoint had no
scientific basis. Numerous clinical studies have shown that
the traditional approach often leads to excessive ETT cuff
pressure [2, 3]. Concerning the norm, in adult patients, the
pressure level in the intubation tube cuff composes 20-30
cm of water column (on average 25 cm of water column)
[4]. Exceeding this pressure level leads to deterioration of
perfusion of the trachea walls, as well as the development
of pain syndrome, ischemia of the trachea mucous mem-
brane, and consequently, elevation of the risk of the com-
plications such as the tracheal mucosa necrosis, rupture
or stenosis of the trachea walls, paralysis of the laryngeal
nerve and formation of the tracheoesophageal fistula [5-
71. Incorrect pressure in the ETT cuff leads to micro-aspi-
rations and is a risk factor for ventilator-associated pneu-

monia [8-10]. In this regard, it is recommended to use the
devices for measuring pressure in the ETT cuff. However,
today there are also modern device-pressure controllers
that allow not only to determine its level but also to set
the target pressure values and maintain them throughout
lung ventilation [11-13].

The study aimed to compare the palpation and ap-
paratus methods of pressure control in the endotracheal
tube cuff during anesthesia in cancer patients.

Materials and methods: The study was conducted in
October 2022 at “Kazakh Institute of Oncology and Ra-
diology” JSC (Almaty, Kazakhstan). Every patient or rel-
evant legal representative gave his informed consent.
A prospective observational study included 60 patients
over 18 years old with malignant neoplasms (MN) of var-
ious localization who received planned surgical treat-
ment under general anesthesia and artificial lung venti-
lation conditions.

Exclusion criteria: emergency surgical interventions, up-
per respiratory MN, childhood age, pregnancy, the physi-
cal status of the patient class lll and above according to
the classification of the American Society of Anesthesiol-
ogists, predicted difficult airways (3-4 points according to
the Mallampati score) [14].

The study cohort profile is shown in Table 1.
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Table 1 — Summary of the study cohort (n=60)

Indicator Value
Sex Male — 32 (53.33%)
Female - 28 (46.67%)
Age 42 [36+47]
Body Mass Index 22 [20+23]

Basic oncological pathology

MN of eyes - 3 (5%)

MN of the uterus and its appendages, cervix MN - 18 (30%)
MN of the abdominal cavity and retroperitoneal space - 5 (8.33%)

MN of kidneys, bladder, and prostate gland — 17 (28.33%)

MN of skin and face soft tissues — 8 (13.33%)

MN of the thyroid gland - 3 (5%)

MN of connective and soft tissues of the lower limb, including the hip joint area - 6 (10%)

Concomitant pathology CHD - 3 (5%)

Other - 11 (18.33%)

Arterial hypertension - 13 (21.67%)
Diabetes mellitus types 1 and 2 - 3 (5%)

-39 (65%)
II-21(35%)

Physical status according to ASA

Anesthesia in all patients was induced intrave-
nously (with propofol 1% and fentanyl 0.005% in
recommended dosages) and maintained by inhala-
tion (with sevoflurane in combination with fentan-
yl). Muscle relaxation was achieved by rocuronium
bromide. All patients underwent orotracheal intu-
bation by direct laryngoscopy. The ETT cuff was in-
flated using a syringe. The pressure in the cuff was
assessed by palpating an outer control balloon. The
tightness was assessed by the absence of audible
leakage of the respiratory mixture and by leakage
data displayed in the anesthesia-respiratory appa-
ratus. One hour after trachea intubation, the actual
pressure in the ETT cuff was measured using the In-
telliCuff device, and the result was compared with
the established normal values. After determining the
cuff pressure, all air was removed by a syringe, and
the removed air volume was registered. The cuff was
considered empty when a syringe could remove no
more air. Then, the ETT cuff was connected to the In-
telliCuff device, and the target value was set to 25
cm of water column. After the target pressure was
achieved, the air was removed from the cuff, and its
volume was measured. The nature of the main and
concomitant pathologies (Table 1) did not influence
the ETT cuff pressure values.

Results: The following ETT tube pressures were
measured: in 25 patients (42%), ETT cuff pressure
was in the range of 20-30 cm of water column; in 29
(48%), it was within the range of 31-40 cm of water
column; and in 6 patients (10%), it exceeded 41 cm
of water column (Figure 1).

The measured air volume in the ETT cuffs after
deflating was, on average, 5.9£1.9 mL, while the re-
quired volume should average 3.9 mL. Using the In-
telliCuff device allowed for avoiding wrong pressure
levels and maintaining an optimal level during lung
ventilation, thus preventing complications [2, 15].

10%

42%

20-30 cm of water column
= 30-40 cm of water column
>41 cm of water column

Figure 1 - Actual pressure in the ETT cuff

Discussion: Assessment of pressure in the ETT cuff by
“classical” palpation can lead to incorrect - overestimat-
ed or underestimated - determination of pressure [16].
One of the studies showed that the use of the “classical”
palpation method for measuring pressure in the ETT cuff
led to 83% of errors, regardless of the service record of
anesthesiologists [17]. However, high and low pressure in
the ETT cuff is associated with worsening outcomes [15].
For example, insufficient pressure in the ETT cuff leads to
microaspirations and the development of ventilator-as-
sociated pneumonia [8, 9]. In turn, a high level of pres-
sure can lead to various complications: from pain and
hoarseness to stenosis of the larynx and trachea and rup-
ture of the trachea walls [5, 18].

The pressure control in the ETT cuff with a manometer
leads to fewer complications after the tracheal intubation
[7, 19]. However, modern clinical studies have shown an
advantage and improvement in clinical outcomes with-
in the frames of continuous monitoring of pressure in the
ETT cuff compared with periodic measurements [20, 21].
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The use of technological devices such as the IntelliCuff al-
lows not only to control of the pressure in the ETT cuff but
also to maintain it at a target level during the entire period of
artificial lung ventilation, including changes in the body posi-
tion and fluctuations of pressure in the respiratory tract [22].

As demonstrated in our study, using the classical palpa-
tion method to assess the pressure in the ETT cuff led to an
overestimated pressure level in over half of the cases. At the
same time, the pressure level in the ETT cuff was within the
normative values — 20-30 cm of water column - only in 42%
of patients, and in 10% of cases, an extremely high level of
pressure was noted — above 41 cm of water column.

Our study had several limitations: first of all, the pressure
in the ETT cuff was measured only once, one hour after tra-
cheal intubation during the general anesthesia, and was not
monitored for a longer period; secondly, the study was per-
formed only during the general anesthesia and did not in-
clude patients on ample ventilation in the intensive care unit.

Conclusion: Determining ETT cuff pressure by palpating
the control balloon is a common practice that often results
in incorrect pressure readings. Both high and low pressure
in the ETT cuff is associated with complications, especially in
patients on prolonged ventilation. Using devices for mea-
suring pressure in the ETT cuff allows you to control its level.
However, modern technological devices, such as IntelliCuff,
use a more progressive and clinically convenient approach:
setting the pressure fixed by the doctor in the ETT cuff, its
continuous measurement, and automatic maintenance
at the proper level during the entire lung ventilation. Us-
ing these devices allows comprehensive monitoring of the
pressure level in the ETT cuff and maintains it at an optimal
level, reducing the risk of complications.
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OHKOJIOTUAJIBIK HAYKACTAPAA AHECTE3USA KE3IHAE DHAOTPAXEAJIBJAI TYTIK
MAHKETIHIH KbICBIMbIH BAKBLJIAY

H.P. Aooyxanunos', A.A. Apeinos', /1.0. Baiidoynem', A.A. Hypmanosa', 3.A. Ceiioanuesa', B.B. Yypcun®

T«Kasak OHKONOrusi xaHe pamonorus FoinbiMu-3epTTey MHCTUTYTHI» AK, Anmarsl, KasakcTan Pecnybnukacsl;
?Kasak MeguumHa yHuBepcuTeTi «BLLO3y, Anmatel, KasakctaH PecnyGnmkach

Ozexminici: Dnoompaxeansovr mymix (OTT) exi nezizei (hyHKyus opbiHOAUObL: KbIMMAYILIKMbL KAMMAMACHL3 emeOl JHCOHe MOMEH2I MbIHLIC ATy
2HCONOAPOBL AYbI3 HCYMKLIHUAKIMAH UWILIKKAH JACMAH2aH O6IIHICMepOiR acnupayuscbIHan Kopeauosl. Kaneinmul scazoaiioa sSHoompaxeanbObl mymixuie
mandicemacvinbly iutinoezi koicvim 20 00 30 em cy bazanvin Kypatiovl. TT mMandicemacsin wamadan moic Hemece JHCemKLIIKCI3 ypaey op-mypii dCKbiHy-
aapaa oKenyi MyMKiH.

3epmmeyoin maxcamor: OHKOIOUANBIK HAYKACMAPOQ aHecme3ust Ke3iHoe SHOOmMpaxedaibObl NMymiK MAHNCEMiHOe2i KblCbIMObl OAKbLIAYObIY ANNd-
pammylK, o0icmepi MeH NAIbRAYUSIBIK d0ICMI CATbICIbIPY.

Mamepuanoap men d0icmep: «Kaz¥YF3Uy» AK anecmesuonoaus, peanumayust Heone UHMeHCUsmi mepaniisi O6aimumecinoe JHcannsl aHecmesusi Ke3i-
dezi npocnekmuemi 6axvliay 60 naykacmol Kammsiobl. LLInpuymiy kemeziven ETT mandcemine aya encizinin, cooan xeiiin ETT manoiceminiy OanioHviH
nanvnayusinay sicone IntelliCuff kypwinevicor (Hamilton Medical, setiyapus) apkpiibt KoicoMObl OaKbLiay Hcypeizinoi. Hakmul KbiCbiM Kaiblnmol MoH-
OepMeH CanbICMbIPbLIbIN, COOAH KelliH KaTblnmbl KblCbIMed JHceny YUulin HAKMblL JCOHe Kadicemmi aya Kkeaemi 6azananoul.

Homuoicenepi: kpicoim Oeneeliin «KIaccuKablky namnayusaay asoicimen bazanay 50% sicoeapwl scazoaoa Kamenikmepee 9kenol, Kaiblnmbl Kbl-
cbim Oeneetti mek 25 (42%) Haykacma aHbikmanobl, MaHdxicemanvly iwinoe2i onuleHzen aya konemi opmawa 5,9%1,9mn Kypaoel, 6ipax 25 mm cy baza-
HbIHA COKEC KbICbIM2A Jicemy yulin ypaenemin aya konemi 3,9 mn Kypaowet, nomuoicecinde ITT mandcemacuinly iinoe2i KoicoiM Oeneetli mamaoan
mulc 6010b1.

Kopvimuinowi: baxwinay oanonvin nansnayusnay apkoiivt 1T mandceminity KblCblMblH AHBIKMAY 90enme2i moicipuoe 60n2anHbIMeH, JCUi KblCbIM-
Hbly Oypbic emec kepcemkiwmepine okenedi. Convimer Oipee DTT mandiceminoei Hco2apbl KbiCbiM Od, MOMEH KbICbIM 0d KONMe2eH ACKbIHYAapOblH
oamywina okenyi mymiin. DTT mansiceminoezi KbICbIMObL OUIEY2e APHANAN KYPbLI2bLIAPObL NAUOANAHY KbICHIM OeHeeliin 0aKbliay2a MyMKIHOIK 6epeoi,
an DTT maHsiceminOezi KblcbIMObL Y3aK YaKbim O6aKbliayaa MyMKIHOIK 6epemin Kypbli2bliapOblH apmblKULbLIbl2bl 091€10eHOI.

Tyiinoi co3oep: s1oompaxeanvOi mymix, MAHHCEMIIY KbICLIMbIH OAKbLIAY, MUKPOACRUPAYUSL, MPAXest UHIMYOayUsCobL, OKNEHI ACACAHObL HCEN0enty.

AHHOTAIUSA

KOHTPO.Ib TABJIEHUSI B MAHKETE YHJIOTPAXEAJBHON TPYBKH
BO BPEMSI AHECTE3UH Y OHKOJIOI'MYECKUX TAIIUEHTOB

H.P. Aooyxanunos', A.A. Apeinos', /I.A. Baiiooyrem', A.A. Hypmanosa', 3.A. Ceiioanuesa', B.B. Yypcun®

AO «Kasaxckuit HayuHbil Miccnenosatensckuit HcTuTyT OHkonorum 1 Paguonoruny, Anmatel, Pecny6nuka Kasaxcrah;
*Kasaxckuit MeguuuHckuii Yrusepeutet «BLUIO3y, Anmarel, Pecriybnivka Kasaxcta

Axkmyansnocmo: Manscema snoompaxeanvroti mpyoxu (OTT) obecneuusaem eepmemuunocmy U 3aujuugaen HUXCHUE OblXamebHble nymu om
acnupayuu. B nopme oasnenue 6 marsiceme ITT naxooumces 6 duanazone om 20 0o 30 cm 800H020 cmonba. Kak nosvluiennwiil, maxk u HeOOCmMamouHbiil
yposerw pazoymus manscemol ITT accoyuuposar ¢ poom ocioHCHeHUl.

Llens uccnedosanusn — cpagnenue narbnamMopHO20 U AnNApamHo20 Memooo8 KOHMPOIs OABNEHUS 8 MAHdICeme IHOOMPAxeaIbHOl MpyOKU 60 8pems
anecmesuu y OHKONO2UHECKUX NAYUEHMOB.

Memoowt: B npocnexmusioe obcepeayuontoe uccieoosanue obliu ekodenst 60 nayuenmos 60 6pems nposedens obuyell anecmesu 6 OmoeeHul
anecmesuonocuu, peanumayuu u unmencuerotl mepanuu AO «KasHUHOuP». Haznemanue 6030yxa ¢ manscemy ITT nposoounu ¢ nomowvio wnpu-
ya, 3amem OCywecmeisiy natbnamoptulil KoHmpois daiiona mardicemol ITT u konmpons dasrenus npu nomowu yempoticmea IntelliCuff (Hamilton
Medical, Ilsetiyapus). [lanee paxmuueckoe dasnenue u 006Em 8030yXa CPAGHUBAII C HOPMATLHLIMU HOKAZAMETSIMU.

Pesynemamor: Oyenka yposs 0aenenus «KiaccudeckKumy naabnamopHbimM MemoOOM npusoouna K omubram 6 yposue oagnenus 6 manceme STT
oonee uem 6 50% cyyaes; HOpMaIbHLILL YPOBEHb 0a6IeHUsA HAOIO0ANCA MOTbKO Y 25 nayuenmos (42%). /s Oocmudicenus OasneHus 8 25 Mm 800. cim.
cpedHull 0bvem 6o30yxa cocmasun 3,9 miu. Mzmepennuiii 06vem 6030yxa 6 Madiceme 6 cpeonem cocmagui 5,9%1,9 mu, umo npusoouno nogwitueHHom
yposne dasnerus 6 manxceme ITT.

aknrouenue: Onpeoenenue oasnenusn 6 mandiceme ITT nymem nanvnayuu KOHMPOILHOLO OALIOHA, XOMb U AGIACMCA OOWENPUHAMOU NPAKMU-
KO, 3a4acmylo npugooun K HegepHoMy onpeoenenuio oasienus. Ipu smom kak eblcokoe, mak u nuskoe oagnenue ¢ mansceme ITT accoyuuposano ¢
paszeumuem ocnoxchenuil. Ilpumenenue yempoticme 075 usmepenus oasnenus 6 mandiceme ITT no360n10m KOHMPOIUPOBAMb €20 YPOBeHb, NP IMoM
npeuMyujecmeo umerom YCmpoucmed, no360s10uue nPosooUny NPOOIeHHbI MOHUMOpUHe dagieHus 6 manxceme ITT.
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