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Abstract

INTRODUCTION: There is a progress in providing respira-
tory support (RS) in recent years with increasing safety and
decreasing duration. However, there are still many questions
that remain unanswered, particularly regarding successful
weaning. We consider to use an intellectual ventilation mode
to optimize the weaning process. OBJECTIVES: The aim of
this study was to evaluate the effectiveness of based on Adap-
tive Support Ventilation (ASV®) mode for discontinuation of
respiratory support in obese patients after cardiac surgery.
MATERIALS AND METHODS: We compare the discontinu-
ation processes in our previous trials. It was two trials about
using automatic INTELLIVENT®-ASV mode and convention-
al ventilation modes (Synchronized Intermittent Mandatory
Ventilation [SIMV] switching to Pressure Support Ventila-
tion [PSV]). In the first part we assess 80 patients with body
mass index (BMI) > 30 kg/m2, 40 of them were ventilated
in INTELLIVENT®-ASV, and 40 in conventional modes. In the
second part we considered 32 patients with BMI > 35 kg/m?,
16 of them were ventilated in INTELLIVENT®-ASV, and 16 in
conventional modes. RESULTS: The duration of spontaneous
ventilation (without any mandatory breaths) was longer in
the groups that used the automatic mode. The Py level was
higher in these groups. The tidal volume (Vt), pressure support
(PS) and positive end-expiratory pressure (PEEP) were higher
in the groups using conventional modes. The number of man-
ual ventilator settings and the time physicians spent near the
ventilator before tracheal extubation were significantly lower
in the INTELLIVENT®-ASV groups. CONCLUSIONS: The use
of intellectual modes during discontinuation of MV in obese
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AKTYAJIbHOCTb: HecMoTpAa Ha ycnexu Bpayen-UHTEHCH-
BWCTOB B MOBbILIEHWNN 6€30MacHOCTH, CHUKEHWUWM arpeccuB-
HOCTW U ANWTENbHOCTY PecnvpaTopHoi moadepwku (Prl),
OCTalOTCA HepeLleHHbIMM BOMPOCH], B TOM YKC/1e Kacatolme-
CA YCMeLWHOro ee npekpallieHuns. MNepcnekTrBHbIM Hanpase-
HMeM Mpwu npekpalieHun Pl BMAMTCA NprvMeHeHVe aBTOMa-
TU3npoBsaHHbiX pexnmos. LIEJIb MICCNEAOBAHUA: Lenb
paboTbl cOCTOMT B oLeHKe 3PpGeKTUBHOCTM MCNO/b30BaHNA
WHTEINIEKTYa/IbHbIX PeXMMOB Ha ocHoBe ASV® ana npekpa-
weHuna Pl y naumneHTOB C OXMPEHNEM Nocae KapAnoXmpyp-
rmyeckux emelatenscts. MATEPUAJIbI U METO/bI: lMpo-
Be/leHO CPaBHEHWe UCMO/Ib30BaHUA aBTOMaTU3MPOBAHHOIO
noaxogaa (pexwum INTELLIVENT®-ASV) n npoTokona ¢ npume-
HEeHWeM TPaAULIMOHHbIX pexuMoB (synchronized intermittent
mandatory ventilation c nepeBogom B pressure support ven-
tilation) y nauMeHTOB C HanMuYMEM OXUPEHUS (MHAEKC MacChl
Tena [MIMT] > 30 kr/M2). B nepBoii 4acTu aHaausa paccMo-
TpeHbl gaHHble 80 nauwmeHTos (MMT > 30 Kr/M2), KoTopble
6b111 pasgeneHsl Ha ABe rpynnbl no 40 YenoBeK B 3aBUCUMO-
CTW OT peXunMa BEHTUNALMMN NEerKMX COOTBETCTBEHHO. Yuun-
TbiBafA Pa3sHOPOAHOCTb MALMEHTOB MO BbIPAXXEHHOCTU OXM-
peHuns, NpoBeAEeHO OTAe/IbHOE UCC/e0BaHme 32 naLneHToB
(MMT > 35 kr/m2), pasgeneHHbix Ha gse rpynnbi no 16 yeno-
BeK. PE3YJ/IbTATDbI: lNeproa BcnoMoraTensHON BEHTUAALNK
C OTCYTCTBMEM MPUHYAWUTENbHbIX BAOXOB 6bi1 B 1,5-2 pa3a
ANVTE/IbHEE, @ YPOBEHb MOAAEPXKU AasneHueM (PS) 6bin
Hke B rpynnax npumeHeHna INTELLIVENT®-ASV. [Moka-
3aTenb Pgy 6blA HVKe B rpynnax TPagMLMOHHOIO NoAxosaa,
4TO BKyMne C AaHHbIMK PS Mo3BO/IAET CyAWTb O HaCTpOMKe
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cardiac surgery patients allows ventilation to be delivered
with gentler settings; shortens the duration of ventilation
with mandatory breaths and the overall duration of respira-
tory support; reduces Vt, PS, and PEEP without compromising
gas-exchange parameters; and saves medical staff time spent
working with the ventilator.

KEYWORDS: ventilator weaning, obesity, critical care,
mechanical ventilation, diaphragm, lung, perioperative
period, automation, postoperative complications,
cardiac surgical procedures
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Introduction

Mechanical ventilation (MV) is a life-saving proce-
dure used in the treatment of complicated diseases and
perioperative care. However, its duration is correlated

DOI: 10.21320/1818-474X-2026-3-80-91

136bITOYHBIX aBAEHNI NOAAEPHKKM Bpa4aMu. BennymHbl gbl-
xaTesnbHoro o6beMa (0) u yposHs PEEP (positive end-ex-
piratory pressure) 6b11 Bbllwe B rpynnax, r4e HacTpowku Pl
OCyLLeCTBAANNCL BpadYaMu. B rpynnax npumereHuna INTEL-
LIVENT®-ASV MeHblle BpeMeHN TPaTUTCA BPavoOM Ha M3Me-
HEeHWA B HaCTPOMKax pecnMpaTtopa W MeHblle KOJM4YecTBO
BHOCUMbIX M3MeHeHWI. BBIBOAbI: Mcnonb3oBaHme aBTOMa-
TU3MPOBAHHOrO YMpas/ieHnA Npu npekpatieHmn Py Kap-
AVOXMPYPrUYECKUX NaLMEHTOB C OXMPEHMEM CnocobCTByeT
MpoBefeHNI0 BEHTUAALMK B 6oJiee WagalmX pexmmax; npu-
BOAMT K COKPALEHUNIO A/INTE/IbHOCTU BEHTUAALUN C MPUHY-
ANTENIbHLIMU BAOXaMU U ANNTENbHOCTU Pl B LIeIOM, CHIKe-
Huto J1O, AaBneHna noasepxku n yposHsa PEEP, He npusoasa
K YXyALIeHMIo MoKa3aTeslell razoobMeHa; a TaKxe Cnocob-
CTBYeT 3KOHOMUW BPEeMEeHW MeAMLMHCKOro rnepcoHana, 3a-
TpauMBaeMoro Ha paboTy C annapaToM WCKYCCTBEHHOW BeH-
Tunauum nerkux (VIBJ).

K/TFOYEBBIE C/TOBA: npeKpalieHne NCKYCCTBEHHOW
BEHTUNALMMN SIETKMX, OXKMUPEHUNEe, UHTEHCMBHAA Tepanua,
UCKYCCTBEHHAA BEHTUNALMA NerKux, Anadparma,
Nerkue, nepuonepaLoHHbIN Nepuoj, aBToMaTn3aLms,
nocaeonepaLyoHHbIe OCIOXHEHNA, KapANOXMPYPrua
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DR

with an increased risk of pulmonary complication [1]. It is
important for clinicians to discontinue respiratory support
in time.

Despite the success in providing more efficient and
shorter respiratory support, there are still many unan-
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swered questions about its successful discontinuation. Even
the terminology used to describe discontinuation remains
controversial [2].

Nowadays, the term “liberation from MV” is recom-
mended as a general concept. Discontinuation of ventilato-
ry support is not the same as weaning. “Discontinuation”
refers to uncomplicated, rapid liberation from MV (for ex-
ample, after surgery), whereas “weaning” refers to a pro-
longed process with difficulties in liberation [3, 4]. This ar-
ticle focuses on early postoperative return to spontaneous
breathing rather than on liberation after prolonged respira-
tory support; therefore, the term “discontinuation” will be
used throughout.

This article addresses discontinuation of respiratory
support after cardiac surgery. Although most patients do
not experience major difficulties with discontinuation be-
cause the primary purpose of intraoperative ventilatory
support is to replace spontaneous breathing during surgery,
it is important to remember preventive measures for post-
operative pulmonary complications such as atelectasis and
hypoxemia [5].

Respiratory support prolonged to 3-6 hours gives clini-
cians time to stabilize hemodynamics and metabolism, opti-
mize the interrelated functions of the heart and lungs, warm
the patient, and restore adequate consciousness.

In routine practice, clinicians need clear guidelines and
criteria for discontinuing MV in time, without delay or pre-
mature liberation.

Most documents for assessing readiness to discontinua-
tion of MV [6-8] suggest using the following criteria:

1. Clinical assessment:

= adequate cough;

= absence of excessive tracheobronchial secretion;

= resolution of the acute phase of the disease for which

the patient was on MV (unfortunately, clinicians of-

ten overlook in the routine that the main condition
for discontinuing MV is to resolve the reason that
required it).

2. Objective measurements:

= clinical stability:

e stable cardiovascular status (heart rate (cardiac
frequency) less than 140 beats per min, systolic
blood pressure 90-160 mmHg, no or minimal va-
SOpressors or inotropes);

e stable metabolic status;

= adequate oxygenation SpO, > 90 % on FiO, less

or equal 40 % (Pa0O,/FiO, > 150 mmHg), PEEP

(Positive End-Expiratory Pressure) less or equal

8 cmH,0;

= adequate pulmonary function: respiratory rate

less than 35 per min; NIP (Negative Inspiratory

Pressure) less or equal < -20-25 cmH,0; tidal vol-

ume (Vt) more than 5 ml per kg PBW (predicted

body weight); (RSBI — Rapid Shallow Breathing

Index) or Tobin index (respiratory frequency/Vt)

less than 105; no significant respiratory acidosis;
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= adequate mentation: clear consciousness without
sedatives, or calm condition with minimal sedation
and stable neurologic status (that is, even a comatose
patient (Glasgow Coma Scale less than 7) may be
disconnected from MV if the airway is protected, for
example via tracheostomy).

New knowledge about patient-ventilator interaction
makes it possible to use indicators that clearly reflect the pa-
tient’s ability to breathe spontaneously and the work of the
diaphragm during ventilation, such as Py (the pressure re-
flecting diaphragmatic contraction during the first 100 mil-
liseconds of inspiration).

Because clinicians cannot continuously adjust ven-
tilator settings at the bedside, it seems reasonable to
use automated modes during discontinuation, such as
Adaptive Support Ventilation (ASV’), INTELLiVENT-
ASV (Hamilton Medical) with the Quick Wean option,
SmartCare’ (Driger), and Proportional Assist Ventilation
(PAV+", Medtronic), so that support is reduced gradually
regardless of whether a physician is present, while taking
the patient’s condition and physiological parameters into
account.

A systematic review and meta-analysis that summa-
rized 26 studies of options and modes for automated venti-
lator weaning showed that automated modes reduce the du-
ration of respiratory support compared with the traditional
approach to ventilator discontinuation [9].

Objectives

The aim of this study was to evaluate the effectiveness
of based on Adaptive Support Ventilation (ASV’) mode for
discontinuation of respiratory support in obese patients af-
ter cardiac surgery.

Material and methods

This retrospective post-hoc analysis was based on
data from two prospective comparative randomized
open-label studies of intelligent ventilatory support con-
ducted in the Cardiac Intensive Care Unit of the Petrovsky
National Research Centre of Surgery. Data collection was
approved by the local ethics committee (protocol extracts
No. 6 dated February 18, 2021, and No. 7 dated April 15,
2021).

This article presents data from a comparison of
a fully automated postoperative ventilation strategy
(INTELLiVENT-ASV mode) with a protocol based on
conventional ventilation modes (Synchronized Intermittent
Mandatory Ventilation followed by Pressure Support
Ventilation) in obese patients (body mass index [BMI]
> 30 kg/m?2). In the conventional-mode protocol, the at-
tending physician was fully responsible for the quality of
respiratory support and patient comfort.
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In addition, considering the heterogeneity of obese pa-
tients, a separate study was conducted on patients with a
BMI more than 35 kg/m? (NCT04973917).

The required sample size was calculated using G*Power
version 3.1.9.4 (Heinrich Heine University Diisseldorf);
the a-error level was 0.05 and the desired statistical power
was 0.8.

The inclusion criteria were: elective cardiac surgery,
including bypass, valve, and ascending aortic surgery per-
formed via sternotomy, requiring postoperative invasive
ventilation in the intensive care unit (ICU); age more than
18 years old; a BMI greater than 30 kg/m? (greater than
35 kg/m? for second study); and informed consent.

Exclusion criteria were divided into two groups:
= preoperative exclusion criteria were severe renal impair-

ment (glomerular filtration rate < 30 mL/min), severe
hepatic impairment (aspartate or alanine aminotrans-
ferase > 80 U/L), or severe heart failure (left ventricular
ejection fraction < 30 %);

m postoperative exclusion criteria included postopera-
tive bleeding, perioperative myocardial infarction, un-
stable hemodynamics requiring high-dose inotropic or
vasopressor support (vasoactive inotropic index > 12)
or intra-aortic balloon pump, presence of a bronchop-
leural fistula and refractory hypoxemia with PaO,/FiO,
< 150 mmHg, perioperative allergic reaction (anaphy-
lactic shock or bronchospasm), seizures, delirium, acute
cerebrovascular accident, and absence or loss of data re-
quired for analysis.

Eight critical care practitioners with at least 5-8 years
of experience at study initiation participated in the studies;
each was involved in discontinuation of respiratory support
in four to five patients in each group.

All physician actions were documented in the unit’s in-
ternal protocol for monitoring patients receiving respirato-
ry support. The protocol was completed by two investiga-
tors who were not involved in ventilator adjustment. Some
indicators (Vt, PEEP, PS, P, ;, SpO,, and Tobin index) were
recorded at discrete 20-minute intervals, and the arithmetic
mean was used for analysis.

A total of 112 patients were analyzed. The first part in-
cluded 80 patients with a BMI more than 30 kg/m?, which
were randomized into two groups, depending on the venti-
lation mode, respectively. The second part included 32 pa-
tients with a BMI more than 35 kg/m?, which were random-
ized into two groups within 16 patients in each.

In the physician-directed group Servo-I (Maquet) ven-
tilators were used, and in the INTELLiVENT®-ASV group,
Hamilton-G5 (Hamilton Medical, Switzerland) ventilators
were used. Simple randomization with a 1:1 allocation was
carried out after the patient’s arrival to the ICU.

Patients were managed according to standard unit
protocols (hemodynamic and pain management, glycemic
control) except for mechanical ventilation. In brief, invasive
arterial blood pressure, central venous pressure, electrocar-
diogram and pulse oximetry were monitored continuously.

In the INTELLiVENT®-ASV mode, a clinician sets the gen-
der and height of a patient, and predicted body weight was
calculated automatically, then they selected “Normal lung
condition”. Initial ventilator setup in this mode allowed
automatic control of minute ventilation, FiO,, and PEEP.
When necessary (for example, in patients with chronic ob-
structive lung disease), the target EtCO, and SpO, ranges,
the permitted limits for PEEP and FiO, changes, and the
Quick Wean (automated spontaneous breathing test) set-
tings were adjusted.

In the conventional-mode group, respiratory support
was provided according to the study protocol using con-
ventional ventilation modes: ventilation started with SIMV
(volume-controlled ventilation), and PSV was initiated as
soon as the patient was able to trigger the ventilator.

In all patients, readiness for tracheal extubation was
assessed according to the unit’s internal protocol based on
the international guideline “Evidence-based guidelines for
weaning and discontinuation of ventilator support” [10]:
restoration of clear consciousness, absence of marked
agitation (RASS < 1), readiness to cooperate with staff,
effective cough, FiO, < 40 %, PaO,/FiO, > 200 mmHg,
PEEP < 8 cmH,0, Tobin index < 80, PaCO, 35-45 mmHg,
stable hemodynamics, and body temperature 36-37.9 °C.

Statistical analysis

Statistical analysis was performed using Statistica 10
(StatSoft Inc. [Dell], USA).

Data distribution was assessed with the Shapiro-Wilk
test. For normally distributed continuous variables, the
mean (M), standard deviation (SD), and 95% confidence
interval were reported. Variables with non-normal distri-
bution were described as the median (Me) and interquar-
tile range (25th-75th percentiles). Categorical variables
were presented as absolute numbers and percentages. The
Student’s t-test was used for normally distributed variables.
The Mann-Whitney test was used for non-normally distrib-
uted quantitative data and for the second stage of the study
because of the small sample size.

Nominal data were compared using Pearson’s y? test
and Fisher’s exact test. A p-value < 0.05 was considered sta-
tistically significant.

Results

There were no significant differences in the patient’s
preoperative data. The demographic and anthropometric
data, scales for assessing the risk of surgical intervention,
the duration of surgical intervention, as well as baseline data
of oxygenating lung function were similar (Tables 1 and 2).

Our analysis showed that the period of assisted (spon-
taneous)ventilation without mandatory breaths was
1.5-2 times longer in the INTELLiVENT-ASV groups
in both studies (Tables 3 and 4). During this period, PS,
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/Table 1. Data of patients with BMI > 30 kg/m? b
Parameter INTELLIVENT®-ASV group Conventional modes group P
(n=40) (n=40)

Age, year 60 (58-66) 60 (50-67) 0.5119
Sex (male/female), n 28/12 21719 0.1681
Body weight, kg 97 (91-105) 96 (91-107) 0.9425
PBW (predicted body weight), kg 66 (59-71) 66 (58-72) 0.7485
BMI (Body mass index), kg/m2 33.5 (31-40) 33.5 (31-34) 0.5006
EuroSCORE I, % 2.1(1.4-3.2) 1.9 (1.1-2.9) 0.4456
ARISCAT score, points 56 (50-58) 50 (50-58) 0.0931
Obesity Class | (BMI 30-35 kg/m2), n (%) 28 (70 %) 31(77.5 %) 0.4607
Obesity Class Il (BMI 35-40 kg/m?2), n (%) 7(17.5 %) 9 (22.5 %) 0.5762
Obesity Class IIl (BMI > 40 kg/m2), n (%) 5(12.5 %) 0 0.0274
Duration of anesthesia, min 321(291-345) 300 (254-337) 0.1537
Duration of operation, min 268 (225-295) 243 (208-280) 0.1836
Coronary artery bypass graft, n (%) 15 (37.5 %) 13 (32.5 %) 0.6352
Valve surgery (replacement or repair), n (%) 15 (37.5 %) 13 (32.5 %) 0.6352
Coronary artery bypass graft + valve surgery, n (%) 3(7.5%) 5(12.5 %) 0.3550
Ascending aortic surgery with prosthetic replacement or aortic 5(12.5 %) 6 (15 %) 0.7589
valve repair (David/Bentall procedure), n (%)

Septal myectomy, n (%) 2(5%) 3(7.5%) 0.6794
Preoperative SpO; on air (FiO=21 %), % 95 (94-96) 96 (95-96) 0.1237
Ratio PaO,/FiO; after surgery, before ICU admission, mmHg 300 (240-350) 295 (250-302) 0.5049

Note: Data are given as Me (25-75) or as n (%).
BMI — body mass index; ICU — intensive care unit.

PEEP, and tidal volume were significantly lower in the
INTELLiVENT-ASV groups. Despite lower PS, the Tobin
index remained within the reference range and did not
differ substantially between groups. Py, was lower in the
conventional-management groups. The time required to
change ventilator settings and the number of manual chang-
es were both significantly lower in the INTELLiVENT -
ASV groups.

Discussion

The high incidence of postoperative pulmonary com-
plications (30-35 %) in cardiac surgery is due to a com-
bination of factors: cardiopulmonary bypass, which may
cause ischemia-reperfusion injury to the lung parenchyma;
disruption of chest wall integrity; the duration of surgery;
the use of muscle relaxants; potential phrenic nerve injury;
hypothermia; and postoperative pain [11-14].

In addition to the generally accepted criteria discussed
above in the introduction, discontinuation of MV in cardiac
surgery patients is possible if:
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= there are no respiratory disorders (there are no abnormal
breathing patterns);

= normal breathing mechanics are preserved or restored
(adequate work of the respiratory muscles, primarily the
diaphragm, with no increase in clinically significant work
of breathing as respiratory support is reduced), and nor-
mal diaphragmatic innervation is preserved; according
to various authors, phrenic nerve paresis after cardiac
surgery may occur in 7.6 % of cases [15, 16], and some
authors report a very wide incidence range (1.2-60 %)
[17];

= the gas exchange is restored or in normal condition,

= normal cardiovascular function is preserved or restored,
and a reduction of ventilator parameters does not over-
load the cardiovascular system.

Turning now to diaphragmatic dysfunction, it has been
shown that 60 % of patients are at risk of developing it.
Moreover, diaphragmatic dysfunction has a direct negative
impact on weaning outcome [18]. Diaphragmatic dysfunc-
tion is mainly associated with limited diaphragmatic in-
volvement during ventilation when modes with mandatory
breaths, such as SIMV or assisted-control ventilation, are
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/Ta ble 2. Data of patients with BMI > 35 kg/m? b
Parameter INTELLIVENT®-ASV group Conventional modes group P
(n=16) (n=16)
Age, year 57 (48-62) 61(49-65) 0.2662
Sex (male/female), n 8/8 10/6 0.5
Body weight, kg 113 (102-117) 110 (97-121) 0.9549
PBW (predicted body weight), kg 38 (37-41) 37 (36-39) 0.821
BMI (Body mass index), kg/m2 38 (37-41) 37 (36-39) 0.559
EuroSCORE II, % 21(1.4-3.2) 1.9 (1.1-2.9) 0.534
ARISCAT score, points 56 (55-65) 58 (56-58) 0.6923
Obesity Class Il (BMI 35-40 kg/m2), n (%) 9 (56 %) 13 (81 %) 0.2524
Obesity Class Ill (BMI > 40 kg/m?2), n (%) 7 (44 %) 3 (19 %) 0.1531
Duration of anesthesia, min 292 (237-344) 273 (257-377) 0.9099
Duration of operation, min 216 (188-275) 233 (201-331) 0.5501
Coronary artery bypass graft, n (%) 3(18.5 %) 1(6 %) 0.286
Valve surgery (replacement or repair), n (%) 7 (44 %) 10 (63 %) 0.288
Coronary artery bypass graft + valve surgery, n (%) 2(12.5 %) 1(6 %) 0.545
Ascending aortic surgery with prosthetic replacement or aortic 2(12.5%) 3 (19 %) 0.7589
valve repair (David/Bentall procedure), n (%)
Septal myectomy, n (%) 2(12.5%) 1(6 %) 0.627
Preoperative SpO; on air (FiO,=21 %), % 94 (94-95) 94 (94-95) 0.8653
Ratio PaO,/FiO; after surgery, before ICU admission, mmHg 287 (225-310) 275 (240-300) 0.8358

Note: Data are given as Me (25-75) or n (%).
BMI — body mass index; ICU — intensive care unit.

actively used [19]. However, it is equally important to re-
member that insufficient support — with an excessive load
on the diaphragm — may also lead to diaphragmatic weak-
ness [20, 21]. Determining the optimal balance between
excessive and insufficient diaphragmatic activity is difficult,
but an adequate level of support can prevent diaphragmatic
atrophy [22, 23].

In our studies, the period of assisted (spontaneous)
ventilation without mandatory breaths was significantly
longer in the INTELLiVENT-ASV groups, which may pro-
mote better expansion of the dependent lung regions, pre-
vent atrophy of the respiratory muscles, improve gas distri-
bution, and shorten the duration of respiratory support. It
complies with modern guidelines according to which most
patients need spontaneous breathing during ventilator sup-
port. After recovery of respiratory drive, the respirator im-
mediately reduced the number of mandatory breaths, while
in the physician-directed group, the beginning of sponta-
neous breathing very often wasn’t followed by fast reducing
of mandatory breaths. During spontaneous breathing with-
out mandatory breaths, the dorsal muscular part of the di-
aphragm moves more actively than the tendinous portion,
thereby improving aeration of dependent lung regions and
helping to prevent atelectasis [24]. The PS level was lower

with INTELLiVENT-ASV, and current evidence suggests
that reducing pressure support during PSV is necessary to
improve respiratory-system biomechanics, reduce exces-
sive ventilator work, and prevent ventilator-induced dia-
phragmatic atrophy [19, 23, 25, 26].

In the INTELLiVENT™-ASV groups, once respirato-
ry drive was restored, the ventilator immediately reduced
the number of mandatory breaths while providing the
PS required to maintain the target tidal volume. In prac-
tice, the mode switched to assisted ventilation, and by the
time the patient awakened, nearly all breaths were usually
patient-triggered. In contrast to the above, in the physi-
cian-directed group, changes in parameters were made by
staff.

The airway occlusion pressure (Py;) — the pressure re-
flecting diaphragmatic contraction during the first 100 ms
of inspiration — is a simple and widely available method on
modern ventilators for assessing respiratory activity during
ventilation when the patient’s spontaneous breathing pat-
tern is preserved [27, 28]. Its ease of use and straightforward
clinical interpretation make it a valuable aid in assessing
readiness for discontinuation of respiratory support.

Py; can be measured on modern ventilators in two
ways: first, by a physician-performed occlusion maneuver
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Table 3. Postoperative data of patients with BMI > 30 kg/m?

Parameter INTELLIVENT®-ASV group ~ Conventional modes group p

(n=40) (n=40)

Duration of respiratory support in ICU (time to extubation of trachea), 240 +55 28379 0.0059

min 223-257 258-308

95% Cl (mean)

Duration of mechanical ventilation, min 150 (75-175) 215 (180-257) < 0.0001

Duration of spontaneous ventilation (without any mandatory breaths 100 (73-138) 60 (40-80) < 0.0001

in INTELLIVENT®-ASV and in PSV in conventional mode group) , min

The time required to adjust the ventilation settings per patient, sec 40 (30-58) 183+ 60 < 0.0001

Numbers of manual ventilator setting changes per patient 0 (0-1) 5 (4-6) < 0.0001

Data during period without any mandatory breaths in INTELLIVENT®-ASV and conventional mode groups

Ratio PaO,/FiO, 336+39 335+59 0.8882

95% Cl (mean) 324-349 316-354

Sp0,, % 98 (97-99) 100 (98-100) <0.0001

PaCO,, mmHg 40 (37-43) 3745 0.0094

Tidal Volume (Vt), ml/kg/PBW 8(8-9) 9 (8,5-10) 0.0006

PS, cmH,0 6 (5-7) 8 (6-10) <0.01

PEEP, cmH,0 5 (5-7) 8 (7-8) <0.01

RSBI, 1/l x min 35+8 28+5 <0.01

95% ClI (mean) 32-37 26-30

Po, cmH,0 1.6 (1.2-1.9) 1(0.8-1.65) 0.0009

Follow-up to patients after extubation of trachea

NIV during first 12 hours after extubation of trachea, n (%) 4 (10 %) 9(22.5%) 0.2254

Length of stay in ICU, days 1(1-1) 1(1-1) 0.8476

Number of patients with atelectasis on chest X-ray, n (%) 7 (17.5 %) 13 (32.5 %) 0.1213

Diaphragmatic dysfunction (US/CT), n (%) 3(7.5%) 2 (5%) 0.6442

PEEP — positive end-expiratory pressure; US — ultrasound.

Note: Data are given as Me (25-75) or as mean + standard deviation (SD) or as n (%).
95% Cl (mean) — 95% confidence interval (mean); CT — computed tomography scan; ICU — intensive care unit; NIV — noninvasive ventilation;

(the ventilator’s “Py;” option), in which the circuit is oc-
cluded for 100 milliseconds; and second, by automatic cal-
culation of the slope of the pressure curve during inspirato-
ry triggering without circuit occlusion. The second method
is obviously less precise; however, when the trend of this
parameter is monitored, a stable level becomes apparent
and can still support clinical decision-making.

At present, a Py value between 1 and 4 cmH,0 is gen-
erally considered to indicate an appropriately selected PS
level and normal patient effort. A Py, value < 1 cmH,O sug-
gests either excessive support or weak patient effort, where-
as a value > 4 cmH,0 suggests insufficient inspiratory sup-
port and excessive work of breathing [29]. As noted above,
this parameter is considered by its absolute value.

In our study, Py, values were lower in the convention-
al-modes groups. Together with the PS data, this suggests
that physicians may have set excessively high levels of PS in
these patients, which — in the setting of prolonged respi-
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ratory support — could contribute to diaphragmatic atro-
phy [26].

We also noted that Vt and PEEP were higher in the
physician-managed groups. Although the PEEP/FiO, ta-
bles used in the INTELLiVENT-ASV algorithm for PEEP
and FiO, titration are far from perfect, our analysis showed
no between-group differences in indicators of arterial oxy-
genation or in postoperative complications.

Recent studies have shown that PEEP may contribute
to ventilator-induced diaphragmatic dysfunction [30], and
that high PEEP levels affect diaphragmatic thickness and
thickening fraction, indicating reduced diaphragmatic con-
tractile efficiency [31]. Therefore, it is crucial to select a
PEEP level that prevents atelectatic injury without worsen-
ing diaphragmatic function. In our view, given the difficulty
of selecting an optimal PEEP value, priority should be giv-
en to the level that ensures an adequate functional residual
capacity and prevents atelectasis.
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Table 4. Postoperative data of patients with BMI > 35 kg/m? b
Parameter INTELLIVENT®-ASV group Conventional modes group P
(n=16) (n=16)
Duration of respiratory support in ICU (time to extubation of 252 (187-357) 300 (225-375) 0.24
trachea), min
Duration of mechanical ventilation, min 130 (67-195) 240 (180-330) 0.003
Duration of spontaneous ventilation (without any mandatory breaths 120 (87-162) 60 (32-72) 0.0007
in INTELLIVENT®-ASV and in PSV in conventional mode group), min
The time required to adjust the ventilation settings per patient, sec 60 (52-75) 222 (160-295) 0.0001
Numbers of manual ventilator setting changes per patient 1(0-2) 6 (5-8) 0.0001
Data during period without any mandatory breaths in INTELLIVENT®-ASV and conventional mode groups
Ratio PaO,/FiO;, mmHg 330 (286-352) 338 (290-352) 0.56
SpO,, % 98 (97-98) 98 (96-100) 0.0067
PaCO,, mmHg 41 (37-44) 37 (33-40) 0.0034
Tidal Volume (Vt), ml/kg/PBW 8 (7.5-9) 10 (9-10) 0.0004
PS, cmH,0 6 (5-6) 9 (8-9) < 0.0001
PEEP, cmH,O 7(7-8) 10(8-10) 0.0006
RSB, 1/I*min 34 (31-44) 28 (24-30) 0.04
Po.1, cmH,0 1.7 (1.4-2.3) 1.5 (1-1.6) 0.03
Follow-up to patients after extubation of trachea
NIV during first 12 hours after extubation of trachea, n (%) 2(12.5 %) 5(31%) 0.2387
Length of stay in ICU, days 1(1-1) 1(1-1) 0.7774
Number of patients with atelectasis on chest X-ray, n (%) 7 (44 %) 8 (50 %) 0.1213
Diaphragmatic dysfunction (US/CT), n (%) 2(12.5 %) 2(12.5%) >0.05
Note: Data are given as Me (25-75) or n (%).
95% Cl (mean) — 95% confidence interval (mean); BMI — body mass index; CT — computed tomography scan; ICU — intensive care unit; NIV —
noninvasive ventilation; PEEP — positive end-expiratory pressure; US — ultrasound.

Higher Vt, combined with higher PS in the groups us-
ing conventional modes, also suggest that lower PS values
could be used, avoiding excessive support [32].

In the INTELLiVENT-ASV groups, physicians spent
significantly less time changing ventilator settings, and the
number of changes was significantly lower, indicating that
automated respiratory-support technologies reduce staff
workload.

Although a shorter duration of respiratory support with
INTELLiVENT -ASV was observed only in patients with
BMI 2 30 kg/m? and not in patients with morbid obesity
(BMI > 35 kg/m?), in all cases the use of automated respira-
tory-support technologies was associated with substantially
gentler parameters (PEEP, PS, and Vt) (Tables 3 and 4).

The postoperative course did not differ significantly be-
tween groups after discontinuation of MV: there were no
differences in ICU length of stay, the need for NIV, or the
frequency of complications. Given the absence of statisti-
cally significant differences in ventilation efficacy, postop-
erative complications, and length of hospitalization — and
the significantly lower tidal volume and PS together with

higher Py; — it can be concluded that intellectual technol-
ogies are not only effective but also safe for discontinuation
of respiratory support.

Clearly, implementation of protocols with explicit
guidance on selection of support parameters, together with
continued staff training, could improve outcomes. When
the number of patients is large, automation may help staff
during discontinuation of MV.

Based on our findings and other studies [33, 34], the
use of modes based on the patient’s spontaneous breath-
ing, such as PSV, should be recommended during discon-
tinuation of respiratory support in cardiac surgery patients.
When automated technologies are available, their use (ASV,
INTELLIiVENT-ASV) appears advisable.

Because PAV+ [35] creates inspiratory flow in propor-
tion to the patient’s effort, and published data indicate a
meaningful increase in the rate of successful weaning from
mechanical ventilation [36], the study of this mode in cardi-
ac surgery patients appears promising.

When routinely assessing all of the above indicators to-
gether with the patient’s clinical status, it is crucial to aim
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for gradual reductions in PS and PEEP. If the Tobin index
(RSBI) or Py increases, clinicians should return to the pre-
vious PS level.

After discontinuing the MV, it is possible to provide
noninvasive ventilation (NIV) with PEEP and PS, which
were used before extubation of the trachea.

Another important area of noninvasive monitoring is
AP, — the airway occlusion pressure that can be measured
manually during a patient’s inspiratory effort by perform-
ing an expiratory-pause maneuver. This parameter makes it
possible to detect low or excessive respiratory-muscle ten-
sion noninvasively and to estimate transpulmonary pressure
[37, 38]. Monitoring this parameter AP, in daily practice
together with P, ; may help optimize assisted ventilation by
avoiding both excessive respiratory-system load and insuf-
ficient patient effort.

New data on AP, measurement and on sonographic
assessment of diaphragmatic thickening fraction may also
contribute to better outcomes during discontinuation of
respiratory support, especially in patients receiving pro-
longed respiratory support [39].

Randomization during group allocation minimized se-
lection bias, and the risk of systematic error was reduced
because the groups were comparable in their main clinical
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