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SLOWA KLUCZOWE:

manewry rekrutacyjne, niedodma, niewydolnos¢ oddechowa, ultrasonografia

klatki piersiowej, intensywna terapia

Wprowadzenie: Pooperacyjna niewydolnos¢ oddechowa jest powaznym
problemem u pacjentéw poddawanych znieczuleniu ogdélnemu. U okoto 90%
pacjentéw wentylowanych mechanicznie w czasie zabiegu operacyjnego moze
rozwija¢ sie niedodma bedgca przyczyng powiktan okotooperacyjnych.

Cel: Celem badania jest okreslenie, czy przy pomocy przezklatkowej
ultrasonografii ptuc mozna optymalizowa¢ manewry rekrutacyjne, ograniczajgc
ryzyko wystgpienia powiktan oddechowych u znieczulanych ogdlnie pacjentow.
Metodologia: zastosowano metode fagodnego, stopniowego zwigkszania
cisnienia  koncowowydechowego (PEEP) u pacjentow wentylowanych
mechanicznie z jednoczesng ciggtg oceng ultrasonograficzng. Efekt kliniczny
oceniono poréwnujgc przebieg pooperacyjny chorych z grupy badanej z grupa
kontrolna.

Wyniki: do badania wigczono 100 pacjentéw. Dzieki zastosowanej metodzie
redukcje niedodmy uzyskano u 91,9% poddanych procedurze pacjentow.
Cisnienie PEEP potrzebne do zniwelowania ognisk niedodmy wyniosto
Srednio17cmH20, przy Srednim cisnieniu szczytowym 29cmH20. Usrednione
ciSnienie PEEP zapobiegajgce powtéornemu powstawaniu niedodmy wyniosto
9cmH20. Uzyskano istotng poprawe podatnosci ptuc oraz saturacji. W grupie
badanej wykazano istotne statystycznie skrocenie czasu hospitalizacji po
operacji oraz znaczgco mniejsze ryzyko konicznosci leczenia w Oddziale

Intensywnej Terapii. Dodatkowo wykazano redukcje czestosci prowadzenia
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przedtuzonej pooperacyjnej wentylacji mechanicznej oraz zmniejszenie ryzyka
infekcji uktadu oddechowego.

Whnioski: Manewry rekrutacyjne przeprowadzane pod kontrolg ultrasonografii
umozliwiajg indywidualizacje procesu, dzieki czemu mozliwa jest redukcja
cisnien  wentylacji wymaganych do upowietrzenia ognisk niedodmy
srédoperacyjnej, przy jednoczesnym zmniejszeniu ryzyka powiktan wynikajgcych
z wykonania procedury. Dzieki opisanej metodzie mozna ustali¢ indywidualny dla
pacjenta PEEP zapobiegajgcy powstawaniu niedodmy. Szczegdlng korzysc¢ z
proponowanego postepowania mogg odnies¢ pacjenci z grupy wysokiego ryzyka

wystgpienia oddechowych powiktan pooperacyjnych.
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KEYWORDS:

recruitment maneuvers, atelectasis, respiratory failure, chest ultrasonography,

intensive care

Introduction: Postoperative respiratory failure is a serious problem in patients
who undergo general anesthesia. Approximately 90% of mechanically ventilated
patients during the surgery may develop atelectasis that leads to perioperative
complications.

Aim: The aim of this study is to determine whether it is possible to optimize
recruitment maneuvers with the use of chest ultrasonography, thus limiting the
risk of respiratory complications in patients who undergo general anesthesia.
Methodology: The method of incremental increases of positive end-expiratory
pressure (PEEP) values with simultaneous continuous ultrasound assessments
was employed in mechanically ventilated patients. The clinical outcome was
assessed by comparing the postoperative period in the study group with controls.
Results: The study group comprised 100 patients. The employed method
allowed for atelectasis reduction in 91.9% of patients. The PEEP necessary to
reverse areas of atelectasis averaged 17cmH20, with an average peak pressure
of 29cmH20. The average PEEP that prevented repeat atelectasis was 9cmH20.
A significant improvement in lung compliance and saturation was obtained. The
postoperative hospitalization period was statistically significantly shorter in the
study group and the risk of treatment at the Intensive Care Unit significantly lower.
Additionally, the necessity of prolonged postoperative mechanical ventilation was

reduced as well as the risk of respiratory tract infections.
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Conclusions: Ultrasound-guided recruitment maneuvers facilitate the patient-
based adjustment of the process. Consequently, the reduction of ventilation
pressures necessary to aerate intraoperative atelectasis is possible, with the
simultaneous reduction of the risk of procedure-related complications. The
described method allows for identifying the individual patient-based PEEP that
prevents the development of atelectasis. The suggested procedure may be
particularly beneficial for patients at a high risk of postoperative respiratory

complications.
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Mimo duzego rozwoju technik anestezjologii regionalnej znieczulenie
ogolne nadal jest niezbedne do przeprowadzenia czesci procedur zabiegowych.
U okoto 90% pacjentéw poddawanych zabiegom chirurgicznym u ktérych
stosowana byla wentylacja dodatnimi cisnieniami dochodzi do zaburzeh
upowietrzenia ptuc. Zjawisko to moze przyczynia¢ sie do wystepowania
oddechowych powiktan  sroéd- i pooperacyjnych. Powszechnie stosowang
metodg redukcji zaburzen upowietrzenia ptuc sg manewry rekrutacyjne. W
literaturze opisano wiele technik rekrutacji — jednak niezaleznie od sposobu jej
przeprowadzania jest ona obarczona ryzykiem wystgpienia powiktan (np.
barotrauma, volumotrauma, destabilizacja hemodynamiczna). Ultrasonografia
ptuc jest doskonatym narzedziem umozliwiajgcym przytd6zkowa, szybkg, i pewng

diagnostyke niedodmy podczas prowadzenia znieczulenia ogélnego.

Na rozprawe doktorska pt. ,,Ultrasonografia ptuc w monitorowaniu

srodoperacyjnych manewréw rekrutacyjnych” sktadajg sie dwa powigzane
ze sobg tematycznie artykuty opublikowane w miedzynarodowych i polskich
czasopismach naukowych indeksowanych w bazie PubMed . tgczny Impact

Factor prac wynosi 3,706, punktacja Ministerialna 90.000.

Pierwszy z artykutéw pt. “Lung Ultrasonography in the Monitoring of
Intraoperative Recruitment Maneuvers” (Diagnostics (Basel), 2021 Feb 10;
11(2):276) jest pracg oryginalng. Celem badania bylo okreslenie, czy przy
pomocy przezklatkowe] ultrasonografii ptuc mozna optymalizowa¢ manewry
rekrutacyjne (wyznaczenie indywidualnego dla pacjenta cisnienia otwarcia
niedodmowych pecherzykéow ptucnych, jak i cisnienia zapobiegajgcego ich

ponownemu zapadaniu sie). Do badania zrekrutowano 100 pacjentow
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poddanych znieczuleniu ogdélnemu, u ktoérych zastosowano metode tagodnego,
stopniowego zwiekszania ciSnienia koncowowydechowego (PEEP) z
jednoczesng ciggtg oceng ultrasonograficzng. Cisnienie PEEP potrzebne do
zniwelowania ognisk niedodmy wyniosto s$rednio17cmH20, przy sSrednim
cisnieniu szczytowym 29cmH20. Usrednione cisnienie PEEP zapobiegajgce
powtornemu powstawaniu niedodmy wyniosto 9cmH20. Uzyskano istotng
poprawe podatnosci ptuc oraz saturacji przy jednoczesnej znacznej redukcji
cisnien wentylacji w stosunku do klasycznych manewrow rekrutacyjnych.
Dodatkowymi interesujgcymi wynikami tego badania jest stwierdzenie u 19%
pacjentow (ktdrzy nie manifestowali cech niewydolnosci oddechowej) istotnych
patologii w przezklatkowym badaniu ultrasonograficznym ptuc juz w badaniu
przedoperacyjnym. Osiem osob (8%) miato cechy zastoju w krgzeniu ptucnym
(obustronnie, liczne artefakty linii B w polach dolnych). U 11 osob (11%)
stwierdzono obecno$¢ obszaréw niedodmy migzszu ptucnego, w jednym

przypadku z towarzyszgcym bezechowym ptynem w jamie optucnej.

W drugim artykule wchodzgcym w sktad pracy doktorskiej, pt. ,The impact
of ultrasound-guided recruitment maneuvers on the risk of postoperative
pulmonary complications in patients undergoing general anesthesia” (J Ultrason
2022; 22: e6-e11) dokonano oceny przebiegu okresu okotooperacyjnego u
pacjentéw u ktérych wykonano w czasie znieczulenia ogdlnego rekrutacje
niedodmowych obszaréw ptuc pod kontrolg ultrasonograficzng. Uzyskane wyniki
poréwnano z grupg kontrolng (pacjenci u ktérych nie wykonywano rekrutacji). W
grupie chorych rekrutowanych wg. proponowanej metody wykazano istotne

statystycznie skrocenie czasu hospitalizacji po operacji (p = 0,003) oraz
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znaczgco mniejsze ryzyko koniecznosci leczenia w oddziale intensywnej terapii.
Dodatkowo wykazano redukcje czestosSci prowadzenia przedtuzonej
pooperacyjnej wentylacji mechanicznej oraz zmniejszenie ryzyka infekcji uktadu
oddechowego. W artykule tym dodatkowo zamieszczono krotki przeglad
piSmiennictwa — omowiono gtdbwne wnioski z pieciu dostepnych w bazach
naukowych artykutdow oryginalnych scisle dotyczgcych tematu.

Opisywana w pracy metoda rekrutacji z ciggtg oceng ultrasonograficzng
ma jednak ograniczenia. Srédoperacyjnie zazwyczaj nie ma dobrego dostepy do
obszardéw ptuc najbardziej narazonych na niedodme (u chorego lezgcego na
plecach tylne partie ptuc), dodatkowo stosowane obtozenia chirurgiczne mogg
utrudnia¢ dostep do klatki piersiowej. Interpretacja obrazu jest zalezna od
umiejetnosci i doswiadczenia osoby wykonujgcej procedure ( z tego powodu
zbieranie danych klinicznych byto wykonywane przez jedng osobe). W czasie
przeprowadzania badan korzystano z wentylacji mechanicznej w trybie
objetosciowo-zmiennym, w zwigzku z czym nie byto mozliwosci oceny cidnienia
plateau i driving pressure. Kolejnym ograniczeniem jest fakt, ze badaniem
ultrasonograficznym ptuc nie jesteSmy w stanie wykry¢ hiperinflacji, do ktorej
mogg doprowadzi¢ manewry rekrutacyjne (jak jednak wykazano cisnienia
szczytowe w opisywanej metodzie sg nizsze niz w tradycyjnych manewrach
rekrutacyjnych, mozna wiec przypuszcza¢, ze ryzyko hiperinflacji jest
stosunkowo niewielkie).

Mimo wymienionych ograniczeh opisywana metoda srodoperacyjnej
rekrutacji ptuc jest skuteczna klinicznie i pozwala w zindywidualizowany sposob
niwelowac powstate z czasie znieczulenia obszary niedodmy migzszu ptucnego.

Dzieki opisanej technice mozna ustali¢ indywidualny dla pacjenta PEEP
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zapobiegajgcy powstawaniu niedodmy. Szczegolng korzy$¢ z proponowanego
postepowania mogg odnies¢ pacjenci z grupy wysokiego ryzyka wystgpienia

oddechowych powiktah pooperacyjnych.
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Abstract: Introduction: Postoperative respiratory failure is a serious problem in patients who un-
dergo general anesthesia. Approximately 90% of mechanically ventilated patients during the sur-
gery may develop atelectasis that leads to perioperative complications. Aim: The aim of this study
is to determine whether it is possible to optimize recruitment maneuvers with the use of chest ul-
trasonography, thus limiting the risk of respiratory complications in patients who undergo general
anesthesia. Methodology: The method of incremental increases in positive end-expiratory pressure
(PEEP) values with simultaneous continuous ultrasound assessments was employed in mechani-
cally ventilated patients. Results: The study group comprised 100 patients. The employed method
allowed for atelectasis reduction in 91.9% of patients. The PEEP necessary to reverse areas of atelec-
tasis averaged 17cmH:0, with an average peak pressure of 29cmH20. The average PEEP that pre-
vented repeat atelectasis was 9cmH20. A significant improvement in lung compliance and satura-
tion was obtained. Conclusions: Ultrasound-guided recruitment maneuvers facilitate the patient-
based adjustment of the process. Consequently, the reduction in ventilation pressures necessary to
aerate intraoperative atelectasis is possible, with the simultaneous reduction in the risk of proce-
dure-related complications.

Keywords: atelectasis; intensive care; respiratory failure; chest ultrasonography

1. Introduction

Despite extensive advances in regional anesthesia methods, general anesthesia still
remains indispensable for some surgical procedures—approximately 90% of surgical pa-
tients develop disturbances of lung aeration following positive pressure mechanical ven-
tilation [1,2]. The risk of perioperative atelectasis depends on many factors, such as the
type and duration of surgery, surgical technique and patient’s general status (obesity,
comorbidities). The manner of anesthesia administration and mechanical ventilation is
also of significance [3-5]. The extent and severity of perioperative disturbances of lung
aeration may vary from small and clinically insignificant local hypoventilation areas to
the appearance of large areas of completely nonaerated lung tissue. This may contribute
to the development of intra- and post-operative complications [4,6], including gas ex-
change pathologies (mainly hypoxia), and may potentially trigger a local inflammatory
response leading to lung damage (VILI—ventilator-induced lung injury) [7-9]. Recruit-
ment maneuvers are a routine procedure for reducing aeration disturbances. Many re-
cruitment techniques have been described in the literature [10-14]. However, irrespective
of how the recruitment is administered, this procedure involves the risk of complications
(e.g., barotrauma, volutrauma, hemodynamic destabilization).

Lung ultrasonography is a modality facilitating bedside, quick and accurate diagno-
sis of atelectasis during general anesthesia [15-19]. The major advantage of ultrasound

Diagnostics 2021, 11, 276. https://doi.org/10.3390/diagnostics11020276
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assessment is that it can be done in the operating room, repetitively and noninvasively,
without the necessity to transport the patient to the radiology unit.

The aim of the study is to determine whether the application of chest ultrasonogra-
phy allows optimizing intraoperative recruitment maneuvers that reduce atelectasis in
mechanically ventilated patients under general anesthesia. The question was asked
whether it is possible to determine patient-specific pressure necessary to open collapsed
alveoli and pressure that prevents repeat alveolar collapse, and further whether such a
procedure allows reducing pressure during recruitment maneuvers (as compared to tra-
ditional methods), thus increasing the safety of the procedure both in the context of he-
modynamic disturbances and the development of volutrauma.

2. Material and Methods
2.1. Ethic Statement

The study was approved by the Bioethical Committee of the Regional Medical Cham-
ber in Warsaw (no KB/1154/19, approval date 19 September 2019).

2.2. Patient Qualification

Adult patients undergoing general anesthesia during elective and emergency sur-
gery, who were able to provide their written informed consent for the participation in the
study were qualified. They were assessed as ASA1, ASA2, ASA3 or ASA4 according to
the ASA score (the American Society of Anesthesiologists physical status classification
system). Exclusion criteria included: age below 18 years, risk of ASA5, pregnancy, patients
with increased intracranial pressure and the inability to provide conscious informed con-
sent for participation in the study. Patients undergoing chest surgeries were also ex-
cluded.

2.3. Ultrasound Technique and Settings

Ultrasound examinations were performed and recorded with Philips Sparq ultra-
sound unit (Philips, Bothell, WA, USA), with a convex transducer (2-6 MHz) and linear
transducer (5-12 MHz). The type of transducer was individually selected depending on
the patient’s constitution. The examination was performed with the LUNG preset (char-
acterized by speckle reduction, compound imaging, and tissue harmonic imaging filters
switched off). The examination was performed by one anesthesiologist, with 10 years’ ex-
perience in lung ultrasonography. Patients were always examined in the supine position.
The transducer head was applied at 6 points over the anterior and lateral part of the chest,
symmetrically at 3 assessment points on each side and evaluated repeatedly. The first
point was localized subclavically in the midclavicular line; the second point was located
at the level of the 4th intercostal space in the anterior axillary line, and the third point was
in the posterior axillary line at the level of the costodiaphragmatic recess (Figure 1.)

Figure 1. Lung ultrasound assessment points in the study.
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The transducer head was preferably placed along the intercostal space to visualize
the longest possible section of the pleura. The obtained image was qualified to a specific
group (A profile—normal image, B profile—presence of B-line artifacts typical of the in-
terstitial syndrome, C profile—subpleural consolidations characteristic for atelectasis, P
profile—pleural effusion), and the result was recorded in the examination protocol,
providing also current mechanical ventilation parameters and transcutaneous oxygen sat-
uration levels (Sa0z).

2.4. Initial Mechanical Ventilation Parameters

All patients qualified for the study were monitored and administered with general
anesthesia depending on age, comorbidities and the extent of surgery. After intubation,
mechanical ventilation was performed in the volume control ventilation (VCV) mode in a
uniform manner (Philips IntelliSave AX700 anesthesia machine). Tidal volume (Vt) was
set at 7 mL/kg of body mass, and the frequency of breaths was regulated so that end-tidal
CO: (EtCOz) was at the level of 35-40 mm Hg. Additionally, FiO2was 0.35, and the initial
positive end-expiratory pressure (PEEP) was always 5cmH-20.

2.5. Intraoperative Ultrasound Assessment Protocol

The first ultrasound assessment was performed before the induction of general anes-
thesia, and the second 10 min after intubation and the beginning of mechanical ventila-
tion. When features of atelectasis were detected during the first or second assessment, the
patient was qualified for the recruitment maneuver to be administered as quickly as pos-
sible. When ultrasonographic features of atelectasis were absent during the initial assess-
ment, depending on the patient’s status during anesthesia and the results of taken meas-
urements (transcutaneous blood gas monitoring, lung compliance), the decision concern-
ing ultrasound reassessment was made. It was assumed that the decrease in transcutane-
ous oxygen saturation (5a0Oz) below 94% or decrease in lung compliance by a minimum
of 15% would indicate the necessity of repeated lung assessment for atelectasis (compli-
ance determined automatically by the anesthesia machine).

When areas of atelectasis were visualized in the lungs, having excluded contraindi-
cations, the recruitment algorithm was introduced entirely guided by ultrasound. The pa-
tient’s hemodynamic instability was the contraindication for the maneuver [20,21].

2.6. Recruitment Protocol in the Study Group

The suggested recruitment method involved an incremental increase in positive end-
expiratory pressure (PEEP) with simultaneous continuous ultrasound assessments. Dur-
ing the entire procedure, the transducer head was placed over one point of the chest, se-
lected by the operator, where the area of atelectasis was detected intraoperatively. After
each increase in the PEEP value by 2cmH-20, the area of atelectasis was observed for a
minimum of 5 consecutive respiratory cycles. The PEEP value was increased until the aer-
ation of the area of atelectasis (max. value of 19cmH:0, which resulted from the limita-
tions of the anesthesia machine) or until peak pressure values of 40cmH20 were obtained.
When the aim was achieved (i.e., aeration of the area of atelectasis was visualized in the
ultrasound image), ventilation with patient-specific pressure was maintained for a mini-
mum of 60 s, with a simultaneous monitoring of hemodynamic stability. Next, the PEEP
was reduced by 2cmH20 every 5 respiratory cycles until detecting the first features of
atelectasis—then the last PEEP value was increased by 2cmH20 and ventilation was con-
tinued at such pressure. The last ultrasound assessment was performed 2 h after extuba-
tion (Figure 2).
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increase of PEEP by 2cmH20
!

observation of the area of atelectasis for
a minimum of 5 consecutive respiratory cycles

|
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aeration of the area of atelectasis
or peak pressure of 40cmH20
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)

\
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4 B
maintaining ventilation for a min. of 60 seconds
(monitoring hemodynamic stability)

|

reduction of PEEP by 2cmH20

|

.
[ detection of first features of atelectasis ]

|

increase of the last PEEP value by 2cmH20,
continuation of ventilation with such pressure

* if possible, perform an arterial-blood gas test

before and after recruitment
* in the case of hemodynamic instability, immediately abort the
maneuver

Figure 2. Recruitment maneuver algorithm employed in the study (modified Tusman’s protocol
[22]).

2.7. Statistical Analysis

The collected data were analyzed statistically using IBM SPSS Statistics 25.0 software.
To compare the two groups for qualitative data (nominal or categorical), Pearson’s chi-
squared test was used, or Fisher’s exact test when the expected number was smaller than
5. For quantitative data, Student’s t-test was used for independent variables or Mann-
Whitney U test when the numbers in the compared groups were different. To compare
the results of lung ultrasound assessment at 6 points (normal vs. abnormal) during one
assessment, Cochran’s Q test was employed. To establish correlations between quantita-
tive/ordinal data, correlation analysis was performed with the use of Spearman’s rank
correlation coefficient. To assess changes in compliance within the stages of assessments,
repeated measures analysis of variance was performed, and to assess changes in satura-
tion—its non-parametric equivalent—the Friedman test was used. The level of signifi-
cance was o = 0.05.

3. Results
3.1. Analysis of the Study Group and the Control Group

The study group was composed of 100 patients. The average age of patients was
about 64 years, and the average BMI value was about 28. Arterial hypertension was the
most frequent chronic coexisting disease (55% of patients). In the majority of cases, sur-
gery was elective, and its duration usually did not exceed 4 h (Table 1).
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Table 1. Clinical characteristics of study group.

. Data
Variable (= 100)
Gender n (%)
Females 66 (66.0)
Males 34 (34.0)
Age M(SD) 63.90 (11.34)
BMI M(SD) 28.31 (5.08)
ASA Score 1 (%)
1 1(1.0)
2 27 (27.0)
3 66 (66.0)
4 6 (6.0)
MRC Score 1 (%)
0 49 (49.0)
1 40 (40.0)
2 11 (11.0)
Coexisting chronic disease 1 (%)
Hypertension 55 (55.0)
Ischemic heart disease 13 (13.0)
COPD 1(1.0)
Asthma 6 (6.0)
Diabetes 24 (24.0)
Atherosclerosis 12 (12.0)
Type of surgery n (%)
Elective 90 (90.0)
Emergency 10 (10.0)
Method 1 (%)
Classic 82 (82.0)
Laparoscopy 18 (18.0)
Surgery duration 1 (%)
<2h 45 (45.0)
2-4h 44 (44.0)
>4 h 11 (11.0)

3.2. Preoperative Ultrasound Assessment

In the preoperative ultrasound assessment, a normal lung image was obtained in 81
patients (81%). Eight patients (8%) had features of pulmonary congestion (bilaterally, mul-
tiple B-line artifacts in lower lung fields). The presence of atelectasis affecting areas of lung
parenchyma was detected in 11 patients (11%) at this stage, in one case with the accompa-
nying anechoic fluid in the pleural cavity. Additionally, decreased transcutaneous oxygen
saturation when breathing air (93% or lower) was detected in nine patients (the lung image
had features of abnormalities in six patients in this group).

3.3. Intraoperative Ultrasound Assessment

Perioperative atelectasis was found in ultrasound images of 87 patients (87%) in total.
In 11 cases (11%), atelectasis was detected already in the preoperative assessment, in 14 pa-
tients (14%) it was visualized after 10 min of mechanical ventilation. Due to decreased val-
ues of transcutaneous oxygen saturation and/or decreased lung compliance by a minimum
of 15% in relation to the initial value, ultrasound reassessment was performed in 62 patients.
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In all cases, areas of atelectasis were revealed. Decreased saturation, as an isolated parame-
ter qualifying for lung ultrasound reassessment, only occurred in two cases. In 13 patients
(13%), the first two ultrasound assessments did not visualize areas of atelectasis, and de-
creased oxygen saturation and lung compliance were not observed during anesthesia.

Eventually, 86 patients were qualified for the ultrasound-guided recruitment maneu-
ver. One patient, despite detected atelectasis accompanied with decreased compliance, was
disqualified from the recruitment maneuver due to hemodynamic instability and the neces-
sity to administer noradrenaline infusion. In all qualified patients (100%), areas of atelectasis
were visualized. Decrease in saturation occurred in 12 patients (14%), and significant de-
crease in compliance in 77 patients (89.5%).

3.4. Effect of Ultrasound-Guided Recruitment Maneuver

Recruitment maneuvers followed the adopted protocol. In 79 patients (91.9%), the re-
cruitment was effective, i.e., aeration of the areas of atelectasis was achieved. Completely
normal lung ultrasound images were revealed in 29 patients (33.7%) (Figure 3, Figure 4).
Improvement of aeration, but with persistent interstitial syndrome, was found in 50 patients
(58.1%) (Figure 4), and lack of improvement, that is persistent atelectasis, was observed in 7
patients (8.1%). In six patients (7%), mild hypotension was observed during PEEP de-esca-

lation. Due to the clinical status of these patients, recruitment protocol was modified.

i ol PEEP 5 PEEP 15 PEEP 17 PEEP 7 PEEP 9

Figure 3. Recruitment process with a positive ultrasound effect. (a) Lung ultrasound (LUS) image before anesthesia—
normal, hyperechoic pleural line (|) and A-line artifacts (—), normal image; (b) control assessment during anesthesia, at
positive end-expiratory pressure (PEEP) 5cmH20—abnormal, fragmented pleural line (]), subpleural consolidation (1), A-
line artifacts not visible, image characteristic for atelectasis; (c) when increasing PEEP to 15cmH20 —ultrasound features
of atelectasis persist; (d) when achieving PEEP value of 17cmH20—normal, hyperechoic pleural line (|) and A-line artifact
(—) visible again; (e) when reducing pressures, PEEP 7cmH20—segmental disturbances in the pleural line continuity (|)
visible again and vertical artifacts reappear («)—initial image of atelectasis; (f) after increasing end-expiratory pressure
by 2emH:20, disturbances in lung aeration reversed and normal pleural line and A-line artifacts were visualized.

Before induction of

general anesthesia PEEP 5 PEEP 17 PEEP 19 PEEP 7 PEEP 9

Figure 4. Recruitment process with an incomplete ultrasound effect. (a) LUS image before anesthesia—normal, hyperech-
oic pleural line (]) and small abnormalities within the pleural line (1) with small subpleural consolidations, as in segmental
atelectasis; (b) control assessment after the induction of anesthesia, at PEEP 5cmH20—blurred fragmented pleural line (|)
with hypoechoic subpleural consolidations (1), image typical of atelectasis; (¢) when increasing PEEP to 17cmH20—per-
sistent ultrasound features of atelectasis with a visible reduction in subpleural consolidations (1); (d) when achieving PEEP
value of 19cmH20 —continuous pleural line (|) with multiple B-Line artifacts B («); (e) when reducing pressures, PEEP
9cmH20 —segmental disturbances in the pleural line continuity (1) visible again—initial image of atelectasis; (f) after in-
creasing end-expiratory pressure by 2cmH20, to 9cmH:0, improvement in the pleural line image and better lung aeration
were achieved.
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3.5. Postoperative Ultrasound Assessment

In postoperative ultrasound assessment, the lung image was normal in 52 patients
(52%), in 43 patients (43%) interstitial syndrome was visible, and atelectasis was detected
in only 13 patients (13%). The percentage distribution of ultrasound assessment results at

consecutive stages of the procedure are presented in Figure 5.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Preoperative 10 minutes
after induction

M A Profile W B Profile M CProfile

Figure 5. Percentage distribution of results at consecutive stages of lung ultrasound assessment.

The localization of the ultrasound-detected areas of atelectasis during the entire pro-
cedure was analyzed. Statistically, significantly more frequent abnormal results (areas of
atelectasis) were found bilaterally in the lower fields of the lateral chest (assessment points
3 and 6) at each stage of the assessment as compared to the remaining points (p < 0.001)
(Table 2). Consequently, it may be assumed that points 3 and 6 were crucial because they

Before

recruitment

Recruitment Final ventilation Postoperative

settings

indicated the largest percentage of examined patients with abnormal results.

Table 2. Frequency of atelectasis depending on localization.

Assessment Atelectasis (N) 1 (%)
1 2 3 4 5 6 Q) p
preoperative 1% 3% 9% 1% 3% 9% 30.59 <0.001
10 min. after induction 1% 3% 20% 1% 5% 23% 85.17 <0.001
before recruitment 2% 10% 92% 2% 13% 92% 343.00 <0.001
recruitment 2% 2% 6% 2% 2% 7% 21.15 0.001
final PEEP settings 2% 2% 6% 2% 2% 7% 21.15 0.001
2 h after extubation 2% 2% 10% 2% 2% 13% 40.33 <0.001

Legend. 1—right side—upper field; 2—right side —middle field; 3—right side—lower field; 4—left side—upper field; 5—

left side—middle field; 6—left side—lower field. Q—Cochran’s Q test value; p—test probability.
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3.6. Analysis of Intraoperative Mechanical Ventilation Parameters

Next, mechanical ventilation parameters were analyzed. The following data were
considered: peak pressure, PEEP, lung compliance, and, additionally, oxygen saturation.
Detailed results are presented in Table 3.

Table 3. Basic statistics for peak pressure, PEEP, saturation and compliance at consecutive stages
of the procedure.

Assessment Me IQR Min. Max.
preoperatively
Saturation 96.00 2.00 88.00 99.00
10 min. after induction
Saturation 99.00 1.00 92.00 100.00
Peak pressure 15.50 3.00 12.00 25.00
Compliance 42.00 11.00 20.00 70.00
PEEP 5.00 0.00 5.00 5.00
before recruitment
Saturation 99.00 2.00 92.00 100.00
Peak pressure 18.00 3.00 12.00 26.00
Compliance 34.00 11.25 19.00 60.00
PEEP 5.00 0.00 5.00 5.00
recruitment
Saturation 99.00 0.00 96.00 100.00
Peak pressure 29.00 4.00 19.00 34.00
PEEP 17.00 2.50 9.00 19.00
final ventilation settings
Saturation 99.00 0.00 98.00 100.00
Peak pressure 18.00 4.00 13.00 26.00
Compliance 47.00 15.50 29.00 89.00
PEEP 9.00 2.00 5.00 11.00
2 h after extubation
Saturation 99.00 0.00 97.00 100.00

Legend. Me—median; IQR —interquartile range; Min. —minimum value; Max. —maximum value.

Statistical analyses revealed that the mean PEEP at which atelectasis reversed in the
ultrasound image was 17cmH:O. In the case of one patient (1.1%), sufficient PEEP result-
ing in the reduction in atelectasis was 9cmH:O, for three patients (3.4%) the PEEP value
was 11cmH:0, and for nine patients (10.4%) it was 13cmH20. The mean end-expiratory
pressure preventing the alveoli collapse was 9cmH:0 (the minimal value: 5cmH20, the
maximum value: 11cmH20). During the performed recruitment process, no patient
achieved peak pressure higher than 34cmH20, and mean peak pressure was 28cmH-20.
The difference between peak pressure and the value of end-expiratory pressure remained
low during the entire recruitment process, and in the final stage it was lower than at the
beginning of anesthesia.

3.7. Analysis of Transcutaneous Oxygen Saturation in the Perioperative Period

The analysis revealed that the saturation level at the preoperative assessment was
significantly lower than during other measurements (p < 0.001). In the 2 h postoperative
period, saturation levels did not decrease, including those patients who had abnormal
saturation before surgery. In the entire study group, SaO: ranged between 97 and 100%.
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3.8. Analysis of Changes in Lung Compliance in the Perioperative Period

Repeated measures analysis of variance was performed to establish changes in com-
pliance at consecutive stages of the procedure. Statistically significant differences were
revealed between all taken measurements (p < 0.001). The lowest compliance level oc-
curred before recruitment (M =35.81; SE =0.94), and the highest in the measurement taken
after recruitment maneuvers (M =49.91; SE = 1.33).

4. Discussion

Recruitment maneuvers are a routine intervention procedure in mechanically venti-
lated patients. Irrespective of whether they are administered for patients undergoing sur-
gery or patients with acute respiratory distress syndrome (ARDS) treated at the ICU, they
require monitoring to assess their effectiveness. Apart from clinical monitoring (e.g., as-
sessment of lung compliance dynamics, assessment of arterial blood gas), it is also possi-
ble to assess the effectiveness of the performed maneuvers using ultrasound [23]. Numer-
ous publications concerning the employment of computed tomography (CT) [24,25] and
electrical impedance tomography [12,26,27] have been published. CT requires the patient
to be transported to the radiology unit, which is not always possible due to the patient’s
status, and is actually impossible for patients for whom recruitment is performed in-
traoperatively. Despite common access to ultrasound devices in operating rooms and
ICUs, the number of publications devoted to the use of ultrasonography in monitoring
recruitment maneuvers is scarce and studies refer mostly to patients with ARDS [28-30].
In a healthy lung, in a dynamic ultrasound image, an aerated lung is characterized by the
normal pleural line, mirror-image artifact and A-line artifacts with simultaneously pre-
served lung sliding [31]. Along with the reduction in aeration, single, and with the exac-
erbation of atelectasis, multiple overlapping B-lines appear. The next stage is the appear-
ance of subpleural consolidations with a static air bronchogram or without bronchogram,
with frequent B-lines coexisting marginally. When the aeration of pulmonary alveoli im-
proves, the changes are observed in the reverse order: the initial subpleural consolidations
will turn into B-line artifacts, and with further improvement—it is possible to obtain the
normal lung image, i.e., A-line artifacts [31-35].

From the publications discussing this topic, Tusman’s paper [22] merits attention as
he proposes and justifies the use of ultrasound during recruitment. The algorithm sug-
gested by him, after modification, was implemented in this study. The study published
by Généreux [36] reported that areas of atelectasis were significantly less frequently visu-
alized in ultrasound in patients who underwent recruitment maneuvers; however, this
effect disappeared after extubation. In our study, the permanent effect of improved lung
aeration was achieved, and the recruited status did not lessen after the discontinuation of
mechanical ventilation. We associate this with retaining patient-specific PEEP after the
completed recruitment maneuver. We believe that the continuation of ventilation with
individually determined end-expiratory pressure level prevents the worsening of lung
aeration and improves the final outcome of the procedure. The study published by Song
[37] is interesting in this context as it discusses the employment of lung ultrasound in
preventing anesthesia-induced atelectasis in infants. It reported that the PEEP level of
5cmH20 did not prevent the development of atelectasis. We obtained similar results in
our study —at the initial PEEP of 5cmH20, in 87% of patients we detected subpleural areas
of atelectasis. The mean pressure that prevented disturbances in aeration was 9cmH20.
Considering the specificity of mechanical ventilation in the pediatric population and sig-
nificant differences in lung compliance in children, these results, we believe, are not di-
rectly comparable.

The main aim of this study was to determine whether the suggested recruitment
method with a simultaneous ultrasound assessment may lead to the reduction in mechan-
ical ventilation pressures owing to the patient-based adjustment of the therapy. We re-
vealed that in 91.9% of patients it was possible to recruit atelectasis successfully with the
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mean peak pressure of 29cmH20 and the mean PEEP of 17cmH20. The achieved pressure
values are significantly lower as compared to non-customized therapy, which reduces the
risk of hyperinflation and other complications. In seven patients (8.1%) the reduction in
atelectasis, as observed in the ultrasound image, was not successful. We suppose that this
may be associated with additional overlapping pathologies in these patients, e.g., heart
failure and pulmonary congestion. This issue requires further research—extending the
assessment to include echocardiographic projections and, additionally, the assessment of
the inferior vena cava [38—43].

An important issue observed in our study is that abnormalities in lung ultrasound
images were found preoperatively in as many as 19 patients (19%); 5 of them underwent
emergency surgery, and 14 had elective surgery. Patients who qualified for elective sur-
geries did not present with dyspnea and symptoms of decompensated heart failure. This
observation confirms that lung ultrasound is a diagnostic tool that facilitates the detection
of lung pathologies at an early stage, before overt clinical symptoms appear [31-33]. Ab-
normalities detected preoperatively impacted the activities undertaken intra- and post-
operatively, mostly fluid therapy, decisions concerning the prolonged monitoring of the
patient’s status, and the employment of high-flow nasal cannula and respiratory rehabil-
itation. In our view, the suggested procedure reduces the risk of postoperative respiratory
complications. However, it is most beneficial for patients with comorbidities. In the avail-
able literature, there are reports that do not confirm the effectiveness of recruitment ma-
neuvers in the context of reducing the risk of postoperative complications [44-46], Yet,
these studies were not based on ultrasound monitoring.

Irrespective of the recruitment method, this procedure is associated with the risk of
complications (e.g., barotrauma, volutrauma, hemodynamic destabilization). In our
study, we did not find any significant clinical complications arising from alveolar recruit-
ment. The proposed method assumes a gradual and slow increase in the PEEP level, fa-
cilitating the adaptation of the circulatory system to pressure changes in the chest. More-
over, maneuvers were performed in patients with stabilized intravascular volume, which
significantly reduced the risk of hypotension. During classic intraoperative monitoring,
including ultrasonography, we are not able to detect the risk of barotrauna and volu-
trauma. To this end, it is necessary to measure transpulmonary pressure [47,48].

In our study, we have revealed the positive impact of the employed method, but this
method has, however, some limitations. The interpretation of the ultrasound image is
largely dependent on the operator. Consequently, in order to increase the reliability of our
results, all ultrasound examinations in our study were performed by one person, experi-
enced in lung ultrasound assessment. It would be optimal if ultrasound images were as-
sessed by two operators independently, taking into account the degree of agreement and
consistency between the results. However, the limitations imposed by performing the ex-
aminations in the operating room make it impossible to implement such a solution. An-
other important limitation, in our view, is the fact that lung ultrasound does not detect
hyperinflation that may occur during recruitment, definitely an unwanted phenomenon.
Ultrasound images of normally aerated lungs and excessively aerated lungs will be iden-
tical. Considering that owing to the customization of the recruitment process, quite low
peak pressures were obtained (on average 29cmH:0), the risk of hyperinflation seems
lower than in traditional recruitment maneuvers, where often pressures of approximately
40cmH:0 are used. B-lines in lung ultrasound image suggest pathologies involving the
interstitium. This may indicate progressing atelectasis, but the appearance of B-lines arti-
facts may also result from intraoperative coexisting circulatory insufficiency or hypervole-
mia. It is not possible to differentiate the etiology of B-lines in ultrasound. The type of
surgery, the position of the patient, and the type of surgical draping may make the ultra-
sound examination difficult to perform effectively for the operator. This study concerns,
for the most part, patients who underwent elective surgeries and whose initial status was
generally good. The results cannot be referred to patients with severe lung diseases, res-
piratory failure and ARDS.
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5. Conclusions

Ultrasound-guided recruitment maneuvers facilitate the procedure customization,
thus allowing for the reduction in ventilation pressures required to aerate the areas of
intraoperative atelectasis, simultaneously reducing the risk of complications resulting
from the procedure. The described method allows for the individual patient-based adjust-
ment of the PEEP value that prevents atelectasis. The suggested protocol may be particu-
larly beneficial for patients with a high risk of postoperative respiratory complications.
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Abstract

Introduction: Postoperative pulmonary complications are among the most frequent problems
in perioperative care. The risk of their development depends not only on the parameters associ-
ated with the patient’s initial clinical condition, but also on the employed anesthesia technique,
the method of mechanical ventilation, and the type and technique of the surgical procedure.
Atelectasis is the most common complication, affecting nearly 90% of the patients undergoing
general anesthesia. Aim: The aim of this study was to determine whether it was possible to
positively impact the postoperative period and reduce the frequency of postoperative pulmo-
nary complications via patient-based intraoperative ultrasound-guided recruitment maneuvers.
Methodology: The course of the postoperative period was analyzed in two groups of patients.
One of them comprised 100 patients in whom no recruitment maneuvers were performed dur-
ing general anesthesia. The other group (100 patients) consisted of patients in whom patient-
based ultrasound-guided pulmonary recruitment maneuvers were performed. Results: In the
recruitment group, the postoperative hospitalization was statistically significantly shorter
(p = 0.003) and the risk of intensive care treatment significantly lower. Additionally, the need
for prolonged postoperative mechanical ventilation was reduced, as was the risk of respiratory
tract infections. Conclusions: Intraoperative ultrasound-guided recruitment maneuvers reduce
the frequency of postoperative pulmonary complications.

the surgical site (mainly surgeries involving the chest and
epigastrium), the anesthesia technique, and the method of

Postoperative pulmonary complications (PPCs) are among
the most common problems in perioperative care. The most
frequent complications include respiratory failure, atelec-
tasis, pneumothorax, pleural effusion, pneumonia, and
acute respiratory distress syndrome (ARDS)". Numerous
risk factors predisposing a patient to the development of
anesthesia-induced respiratory failure have been reported —
a significant correlation has been evidenced with such risk
factors as age over 60 years, class 2 or higher according to
the ASA (American Society of Anesthesiologists) Physical
Status Classification System, chronic obstructive pulmo-
nary disease (COPD), heart failure, and reduced exercise
tolerance®. Additionally, the risk of PPCs is affected by
factors associated with the employed surgical technique,

mechanical ventilation used during the procedure®->.

It has been found that nearly 90% of patients undergoing
general anesthesia (intubated with the use of neuromuscular
blocking agents) who had been ventilated with positive pres-
sures developed atelectasis, i.e., a pulmonary aeration distur-
bance®?. In the majority of patients, the areas affected by
atelectasis are clinically insignificant and become normally
aerated upon a return to sufficient spontaneous respiration.
In some patients, however, intraoperative atelectasis may
be a predisposing factor for postoperative complications.
Recruitment maneuvers are commonly employed for reduc-
ing pulmonary atelectasis. Various techniques for performing
them have been described in the relevant literature®'?.
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Tab. 1. Clinical characteristics of the study group and control group

Variable Study group (n = 100) Control group (n = 100) Result
Age M (SD) 63.90 (11.34) 64.17 (14.03) p=0.881
BMIM (SD) 28.31 (5.08) 29.61 (5.75) p=0.173

Gender n (%)
Females 66 (66.0) 50 (50.0)
Males 34 (34.0) 50 (50.0) p=0022
ASA Score n (%)
1 1(1.0) 4 (4.0)

2 27 (27.0) 20 (20.0)
3 66 (66.0) 63 (63.0) p=0152

4 6 (6.0) 13(13.0)

MRC Score n (%)

0 49 (49.0) 48 (57.8)
1 40 (40.0) 20 (24.1) p=0.056

2 11(11.0) 15(18.1)

Coexisting chronic disease n (%)
Hypertension 55 (55.0) 66 (66.0) p=0.112
Ischemic heart disease 13(13.0) 17 (17.0) p=0.428
COPD 1(1.0) 3(3.0) p=0.621
Asthma 6 (6.0) 2(2.0) p=0.279
Diabetes 24 (24.0) 18(18.0) p=0.298
Atherosclerosis 12(12.0) 15(15.0) p=0.535
Number of comorbidities n (%)

0 26 (26.0) 24 (24.0)

1 26 (26.0) 35 (35.0)
2 24 (24.0) 23(23.0) p=0.635

3 19 (19.0) 13(13.0)

4 5(5.0) 5 (5.0)
Type of surgery n (%)

Elective 90 (90.0) 87 (87.0)

Emergency 10(10.0) 13 (13.0) p=0506
Surgery duration n (%)

<2h 45 (45.0) 43 (43.0)
2-4h 44 (44.0) 40 (40.0) p=0.467

>4 h 11(11.0) 17 (17.0)

BMI - body mass index; ASA — American Society of Anesthesiologists (ASA) physical status classification system, MRC — modified Medical Research
Council Dyspnea Scale

The effectiveness of conventional recruitment methods in
preventing PPCs has not been proven®. Moreover, they are
associated with the risk of developing respiratory compli-
cations (barotrauma, volumotrauma, biotrauma) and may
lead to hemodynamic destabilization due to significant
intrapleural pressure changes during their performance.
Their disadvantage is the lack of patient-based custom-
ization: irrespective of the extent of pathology and the
response of the lungs to performed maneuvers, they are
conducted identically in all patients.

As claimed by some authors (Tusman, Cylwik, Park), the
application of lung ultrasound for monitoring the recruit-
ment process appears to be of significant benefit for
patients. Owing to the continuous ultrasound assessment
of the pulmonary tissue affected by atelectasis during the
recruitment process, it is possible to decrease ventilation
pressures necessary to achieving a good effect in reducing
atelectasis, while at the same time limiting potential com-
plications associated with the procedure!+'9,

The aim of this study was to determine whether it was
possible to positively impact the postoperative period and

reduce the frequency of postoperative pulmonary compli-
cations (PPCs) via patient-based intraoperative ultrasound-
guided recruitment maneuvers. The 7-day postoperative
period was assessed, with particular emphasis on the
length of hospitalization after surgery, the need for pro-
longed mechanical ventilation, the duration of stay in the
postoperative ward, and the incidence of pneumonia.

Material and methods

Ethical statement

The study was approved by the Bioethics Committee of the
Regional Medical Chamber in Warsaw (No. KB/1154/19).
Patient enrolment

For the study, we enrolled adult patients (over 18 years of

age) undergoing general anesthesia during elective and
emergency surgery. All eligible patients provided their

J Ultrason 2022; 22: e6-ell
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written consent to participation in the study. Exclusion cri-
teria included: age less than 18 years, risk of ASA 5, preg-
nancy, and increased intracranial pressure. The patients
who were undergoing cardiac surgery and cardiothoracic
surgery were also excluded.

In total, 200 patients undergoing general anesthesia in one
research center were included in the study. They were ran-
domly divided into 2 groups consisting of the same number
of participants. In both groups, clinical data concerning
the postoperative period in terms of PPC development were
collected. The assessment period encompassed 7 postop-
erative days.

Intraoperative mechanical ventilation

Following the induction of anesthesia, its type and tech-
nique being dependent on the patient’s age and comor-
bidities (the induction of anesthesia not protocolized),
mechanical ventilation in the volume control ventila-
tion (VCV) mode was performed with Philips IntelliSave
AX700 (USA) anesthesia workstation. The fraction of
inspired oxygen (FiO,) was 0.35. Nitrous oxide was not
provided during anesthesia. Initially, the frequency of
respiration was set physiologically, and during anesthe-
sia it was modified to achieve the end-tidal CO, (EtCO,)
at a level of 35-40 mmHg. Tidal volume (Vt) was always
7 ml/kg of body mass. For all patients, the initial posi-
tive end-expiratory pressure (PEEP) value was set at
5 cm H,O.

In the non-recruitment patient group, mechanical ventila-
tion was performed during the entire anesthesia procedure
with the PEEP value set at a constant level of 5 cm H,O. In
the group of patients who underwent intraoperative ultra-
sound-guided recruitment, once the maneuver was com-
pleted, the PEEP value was retained at a level consistent
with the one determined during the procedure.

Ultrasound-guided recruitment procedure

In the study group, the recruitment maneuvers were per-
formed in conformity with the adopted protocol once the
indications for such procedures were determined. The indi-
cations included atelectasis detected during preoperative
ultrasound assessment or during such assessment after
the induction of general anesthesia. If atelectasis was not
visualized at these stages, ultrasound reassessment was
performed when oxygen saturation (Sa0,) dropped to a
level of 94% or when static compliance decreased by 15%.
The recruitment protocol has been previously described
by Cylwik and Buda®. The procedure involves an incre-
mental increase of the PEEP value with a simultaneous
continuous ultrasound assessment of areas affected by
atelectasis. Depending on the dynamics of changes in the
ultrasound image, the decision to increase mechanical
ventilation pressure values was made, and end-expiratory
pressure preventing the formation of new areas affected by
atelectasis was determined.

Statistical analysis

The collected clinical data were analyzed statistically with
IBM SPSS Statistics 25.0 software. Pearson’s chi-squared
test was used to compare the two groups for qualitative data.
Fisher’s exact test was used when the expected number was
smaller than 5. The level of significance was assumed to be
a = 0.05. The Kolmogorov-Smirnov test was used to deter-
mine whether the values of the analyzed variable were nor-
mally distributed. A normal distribution was found for age,
hence a parametric test (the independent samples t-test) was
employed to compare the two groups. The remaining quanti-
tative variables were not normally distributed, so the Mann-
Whitney U test was used for group comparison.

Results

Analysis of the study group
and the control group

The group in which ultrasound-guided recruitment was
performed, henceforth termed the study group, com-
prised 100 patients. The control group also consisted of
100 patients, in whom no intraoperative recruitment
maneuvers were performed. In both groups, the average
age of the patients was about 64 years. The study group
comprised significantly more women (66%). In the con-
trol group, the number of females and males was identical
(50% of each gender). The BMI of patients in both groups
was similar and amounted to about 28-29. The percent-
ages of ASA and MRC (dyspnea scale according to Medical
Research Council) scores were similar in both groups — in
the ASA score the most frequent value was 3, and in the
MRC score — 0. The most frequent chronic coexisting dis-
ease was arterial hypertension (55% of patients in the study
group and 66% in the control group) (Tab. 1).

Effect of ultrasound-guided recruitment
maneuver

In the group of patients for whom ultrasound lung (LUS)
assessment was performed during anesthesia, areas
affected by atelectasis were visualized in 89 cases (89%).
After ultrasound-guided recruitment, aeration of the areas
affected by atelectasis was achieved in 79 patients (91.9%
of patients selected for the procedure) . Figure 1 demon-
strates a sample ultrasound image of the procedure.

Clinical outcomes of intraoperative ultrasound-
guided recruitment maneuvers

In order to assess the impact of the proposed intraopera-
tive procedure on the final clinical outcome, data concern-
ing hospitalization were compared in both groups (Tab. 2).
The postoperative hospitalization period was significantly
shorter in the patients who underwent patient-based recruit-
ment maneuvers (p = 0.003). Those patients less frequently

e8
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Before induction of
general anesthesia

PEEP 15

PEEP 17 PEEP 7

Fig. 1. Sample of the recruitment process with a good ultrasound effect: A. LUS image before anesthesia — normal, continuous, hypere-
choic pleural line (V) and A-line artifact (=), normal image; B. control assessment during anesthesia, at PEEP 5 cm H,0 — blurred,
fragmented pleural line (), with small, irregular hypoechoic subpleural consolidations (1), image typical of atelectasis; C. when
increasing PEEP to 11 cm H,O - persistent ultrasound features of atelectasis with a visible gradual reduction of subpleural con-
solidations (1); D. when achieving PEEP value of 13 cm H,0O - normal, continuous, hyperechoic pleural line visible again (});
E. when reducing pressures, PEEP 7 cm H,0 — segmental disturbances in the pleural line continuity (1) visible again — initial image
of atelectasis; F. after increasing end-expiratory pressure by 2 cm H20, disturbances in lung aeration reversed and normal pleural

line and A-line artifacts were visualized

required prolonged mechanical ventilation (2 patients (2%)
in the study group, 8 patients (8%) in the control group).
Additionally, the mean number of hours of postoperative
mechanical ventilation was statistically significantly smaller
in the study group: on average 15 minutes versus nearly 3 h
in the control group (the symptoms of respiratory failure,
despite the lack of neuromuscular block, necessitated pro-
longed mechanical ventilation). The patients who underwent
recruitment less frequently (p = 0.022) required treatment
in the Intensive Care Unit (ICU) (4 patients from the study
group vs. 13 from the control group). No postoperative
respiratory tract infections occurred in the study group,
whereas in the control group 4 patients developed postop-
erative pneumonia (given the small number of patients in
each group, the difference was not statistically significant).

Discussion

PPCs constitute a serious problem in perioperative care.
Appropriate preoperative management (e.g., introduc-
tion of respiratory rehabilitation), and then optimally
performed anesthesia procedure, including protective
ventilation, and intensive postoperative care may reduce
the risk of PPC development. Recruitment maneuvers are
one of the constituents of optimal intraoperative ventila-
tion"?. Their effectiveness has been extensively discussed
in literature; however, even based on large meta-analyses

Tab. 2. Assessment of the postoperative period in both groups

the most optimal procedure for performing them has not
been determined thus far'®!?). Because of the risk of both
respiratory and circulatory complications (mainly hypo-
tension), it is justified to closely monitor their course, also
with the application of imaging techniques. A number of
studies have reported the usefulness of computed tomog-
raphy©@®2Y and electrical impedance tomography®??¥ for
recruitment monitoring. However, these methods cannot
be employed in the operating theater during general anes-
thesia. Ultrasonography is a universally available imaging
method that can be easily used in the operating theatre in
the bedside mode, without emitting adverse radiation. Its
great advantage lies in the possibility of reexamination as
often as the clinical situation dictates.

The major aim of this study was to determine whether it
was possible to positively impact on the postoperative period
of patients undergoing general anesthesia via patient-based
optimized intraoperative ultrasound-guided recruitment
maneuvers. To this end, available relevant literature was
analyzed. A search of scientific databases was conducted,
which yielded a total of 127 publications that were further
examined (key words: lung ultrasound, recruitment maneu-
vers). Out of the selected publications, 101 papers were
excluded since they were not directly relevant to the topic.
Six studies were devoted to ultrasound-guided recruitment
monitoring in patients with ARDS, 12 referred to ultra-
sound-guided monitoring of the conventional procedure,

Variable Study group (n = 100) Control group (n = 100) Result
Hospitalization duration up to 10 days n (%) 85 (85.0) 67 (67.0)
Hospitalization duration more than 10 days n (%) 15(15.0) 33(33.0) p=0.003
Respiratory tract infection n (%) 0(0) 4 (4.0) p=0.121
Prolonged mechanical ventilation n(%) 2(2.0) 8(8.0) p=0.052
Number of hours of prolonged mechanical ventilation
Me (/QpR, min-gmax);M (SD) 0 (0; 0-20); 0.25 (2.06) 0 (0; 0-96); 2.96 (13.33) p=0.049
Admission to ICU n (%) 4(4.0) 13(13.0) p=0.022
Deaths n (%) 3(3.0) 5(5.0) p=0.721
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Tab. 3. List of publications devoted to ultrasound-guided recruitment maneuvers during general anesthesia

Number Ultrasound- Detected Incidence
Author . .. Employed . .. .
L. Study population of participants (study guided incidence of atelectasis
(year of publication) group/control group) transducers recruitment of atelectasis after RM
Cylwik, Buda (2021) adults 100/0 convex, linear yes 87% 16%
Park et al. (2021) adults 20/20 convex yes 100% ND
Elshalzy et al. (2020) adults 20/20 convex yes ND ND
Song et al. (2018) pediatric 61/61 linear yes 21% 13%
Song et al. (2016) pediatric 20/20 linear yes 50% 30%
RM - recruitment maneuvers; ND - no data

and 3 papers only evaluated PEEP. Finally, only 5 publica-
tions were identified that directly related to the discussed
topic (Tab. 3).

Elshalzy et al.?¥, who examined the application of intraoper-
ative bedside lung ultrasound in optimizing PEEP settings in
obese patients undergoing laparoscopic bariatric surgeries,
reported a significant reduction of developing PPCs. These
conclusions are consistent with our results. What needs to
be stressed, though, is that in the Elshalzy et al. study, the
postoperative follow-up period as regards the development
of postoperative complications was only 24 h, which may be
definitely too limited for infectious complications.

In their study, Park ez al."® compared the efficacy of con-
ventional lung recruitment maneuvers and ultrasound-
guided procedure in reducing areas affected by atelectasis.
They revealed a lower incidence of atelectasis in the ultra-
sound-guided recruitment group with a persistent postop-
erative effect. These authors also analyzed the postopera-
tive period — no episodes of desaturation were revealed in
the intraoperative ultrasound-guided recruitment group,
while in the conventionally performed recruitment group
desaturation occurred in 10% of patients. No statistically
significant differences were revealed between the groups
as regards the period spent in the postanesthesia care unit
and total hospitalization. Out of 40 patients, only one from
the ultrasound-guided recruitment group developed PPC.
In this study, similarly to the previously discussed one, the
follow-up period was relatively short and amounted to 48 h.
Our results indicate a more evidently pronounced positive
tendency concerning the postoperative period. This may be,
however, correlative to a different research methodology. In
our study, the control group consisted of patients for whom
no intervention was performed, while in the study by Park ez
al. the control group underwent conventional recruitment.
Additionally, the number of participants is of relevance in
both these studies — 40 vs. 200 patients, which may also be
the reason for the dissimilarity of the findings.

A good clinical effect of reducing atelectasis with ultra-
sound-guided alveolar recruitment maneuvers during
general anesthesia was reported by Song et al. 329, These
studies involved a pediatric population characterized by a
different physiology of the respiratory system and much
lower lung compliance as compared to adults. Therefore,
the results of these studies cannot be comparatively inter-
preted with our study, but the positive effect of ultrasound-
guided recruitment maneuvers in pediatric patients is nev-
ertheless worth noting.

In our study published in 2021"%, we reported that owing to
ultrasound-guided recruitment maneuvers it was possible
to achieve the persistent effect of reducing intraoperative
atelectasis and determine patient-based PEEP values that
prevented the recurrence of lung aeration disturbances. To
our knowledge, this is the only study in which a significant
reduction of pressures in the respiratory system necessary
for the alveolar recruitment was revealed, resulting in the
absence of respiratory tract complications.

In the present study, we observed a reduced need for pro-
longed postoperative mechanical ventilation in the group
of patients who underwent ultrasound-guided pulmo-
nary recruitment during general anesthesia, as well as a
slightly reduced postoperative hospitalization period, and
a smaller number of ICU admissions due to postoperative
complications. We believe these results, despite their lack
of statistical significance, to be very advantageous both for
the patients involved and the hospital (economic factors,
better capacity of departments). This positive effect con-
cerns not only the recruitment procedure per se, but also
applies the holistic ultrasound image of the organs within
the chest (assessment of both the lungs and the heart).
Pathologies such as atelectasis and pulmonary congestion
can be detected ultrasonographically before the occur-
rence of clinical symptoms®®2?¥, The detection of a pathol-
ogy may influence decisions made by the anesthesiologist,
for instance, decisions concerning fluid therapy intra- and
postoperatively®-34. The persistence of atelectasis, despite
performing the recruitment process, resulted in the admin-
istration of high-flow nasal oxygen therapy after extuba-
tion, which definitively affected the results.

Study limitations

One of the basic limitations of our study was the absence of
a double control group (where one control group would con-
sist of patients undergoing conventional recruitment maneu-
vers without ultrasound-guided monitoring, and the other —
patients who would undergo no intervention). Being familiar
with the advantages of ultrasound-guided recruitment, we
decided not to create a group undergoing a conventional
recruitment procedure (in order to avoid the risk of hyperin-
flation or hemodynamic complications). Another limitation
concerns the possibility of overlapping pathologies during the
postoperative period, e.g., exacerbation of heart failure with
secondary pneumonia. The results presented in our study con-
cern patients who did not present symptoms of respiratory
failure preoperatively. Consequently, these findings cannot be

elO
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directly extrapolated to patients who exhibited symptoms of
respiratory failure before the anesthesia.

Conclusion

Ultrasound-guided intraoperative recruitment maneuvers
have a favorable effect on the postoperative period and
reduce the incidence of PPCs.
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Komisja Bioetyczna
e Okregowej Izby Lekarskiej w Warszawie

Im prof [ana Nielubowlcza

Uchwata Nr 48/19

Komisji Bioetycznej
przy Okregowej Izbie Lekarskiej w Warszawie
z dnia 19 wrze$nia 2019 r.

w sprawie wydania opinii o eksperymencie medycznym o nr rejestru KB/1154/19

Na podstawie art. 29 ust.] Ustawy z dnia 5 grudnia 1996 r. o zawodzie lekarza i lekarza dentysty
(Dz. U. z 2008 r., Nr 136, poz. 857 z pézni. zm.), §6 Rozporzqdzenia Ministra Zdrowia i Opieki
Spolecznej z dnia 11 maja 1999 roku w sprawie szczegélowych zasad powolywania i finansowania
oraz trybu dzialania komisji bioetycznych (Dz. U. Nr 47, poz. 480) oraz ustawy z dnia 6 wrzesnia 2004
— Prawo Farmaceutyczne (Dz. U. z 2008 r. nr 45, poz. 271 z pozni. zm.) uchwala sig co nastegpuje:

§1
Komisja Bioetyczna przy Okrggowej Izbie Lekarskiej w Warszawie w skladzie :

z-ca — mgr farm. Elzbieta Przymus - Géralczyk
prof. nadzw dr hab. n. med. Stanistaw Ancyparowicz
dr n med. Andrzej Dgbrowski

lek. stom. Ewa Migkus-Paczek

dr hab. n. med. Stanistaw Niemczyk

mgr Renata Piasecka - Krawczyk

ks.dr hab. Dariusz Pater

dr n med. Joanna Romejko - Jarosiniska

9. drnmed. Michat Stepka

10. dr n. med. Marek Stopinski

11. dr n. praw. Radostaw Tyminski

P NA U AL

na posiedzeniu w dniu 79.09.2019 r. wydala pozytywng opini¢ o nastgpujacym eksperymencie
medycznym:

Tytul badania: Przydatnosé ultrasonogafii pluc w optymalizacji procesu rekrutacji.
Glowny badacz lek. Jolanta Cylwik

Badanie bedzie prowadzone w: Mazowiecki Szpital Wojewddzki w Siedlcach Sp. z o. o,
ul.Poniatowskiego 26, 08-110 Siedlce

Zastrzezenie:
Badanie moze zostaé rozpoczete pod warunkiem:
— dostarczenia uzasadnienia merytorycznego (bibliografii) zastosowania USG do
badania pluc;
— dostarczenia opisu technicznego i metodologii badania USG pluc;
— dostarczenia informacji o wlasnych doswiadczenia w badaniach USG pluc;
— dostarczenia informacji udziale w badaniu wspétbadacza dr Budy.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Warszawie tel.: (22) 54 28 312
im. prof. Jana Nielubowicza fax: (22) 54 28313
ul. Putawska 18, 02-512 Warszawa www.izba-lekarska.pl

NIP: 522-000-23-57
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§2

Komisja Bioetyczna stwierdza, ze ztozony wniosek zawiera kompletna dokumentacjg, w tym
w szczegolnosei:

1. Wniosek z dnia 22.08.2019

2. Podpisany zyciorys gtéwnego badacza w jezyku polskim z dnia 20.08.2019r.

3. Zyciorys drugiego badacza w jezyku polskim z dnia 20.08.2019

4. Informacja dla Pacjenta

5. Formularz Swiadomej Zgody razem ze zgoda Pacjenta na przetwarzanie danych osobowych
6. Streszczenie Protokotu Badania

7. Protokoét Badania z dotaczong karta badania

8. Zgoda jednostki na przeprowadzenie badania

9. Informacja o osrodku, w ktérym ma by¢ przeprowadzona badanie

10. Oswiadczenie ze projekt jest eksperymentem niesponsorowanym

(W/w dokumenty zostaly wyszczegdlnione wedlug informacji zawartych we wniosku
zlozonym przez gidwnego badacza)

§3

Skiad i dziatanie Komisji Bioetycznej jest zgodne z Wskazéwkami i Zaleceniami dla
Europejskich Komisji Etycznych opracowanymi przez EFGCP, Zasadami Prawidlowego
Prowadzenia Badan Klinicznych (GCP) oraz wymogami lokalnymi.

§4

Uchwata wchodzi w zycie z dniem podjgcia i obowiqzuje w okresie trwania waznosci polisy
ubezpieczeniowej dolgczonej do wniosku

§5

Komisja Bioetyczna zobowiazuje gtdwnego badacza do :

1. zgloszenia wszelkich zmian i odchylen w protokole eksperymentu medycznego,

2. zgloszenia wszelkich nowych informacji wigzacych si¢ z niekorzystnym wplywem na
bezpieczenstwo osob bioracych udzial w eksperymencie oraz na jego przebieg,

3. zgloszenia wszelkich cigzkich lub nieoczekiwanych niepozadanych dziatan lekoéw (ADR)
a takze cigzkich zdarzen niepozadanych (SAE)

4. informowania o decyzjach innych komisji bioetycznych,

5. sporzadzania rocznych raportow z przebiegu eksperymentu (nie pdzniej niz do konca
grudnia kazdego roku)

6. informowania o zakonczeniu eksperymentu i jego wynikach, w tym wymog dostarczenia
kopii ostatecznej wersji raportu z eksperymentu po jego zakonczeniu.

Wszelka korespondencja musi by¢ przekazywana na pismie listem poleconym badz za

potwierdzeniem odbioru.

§6

Tekst uchwaly zostal sporzqdzony w 2 jednobrzmigcych egz. po jednym dla wnioskodawcy i
Komisji Bioetycznej.
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§7

Od niniejszej uchwaly wnioskodawcy przystuguje odwotanie do Odwotawczej Komisji
Bioetycznej przy Ministerstwie Zdrowia, za posrednictwem Komisji Bioetycznej Okrggowej
Izby Lekarskiej w Warszawie, wniesione w terminie 14 dni od jej otrzymania

7w,

i
QA/'}? hah. Y. pay

................. fosTersesssraaseersasaeboces

Podp/is Przewodniczacggo
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Komisja Bioetyczna
W WARSZAWIE Okregowej Izby Lekarskiej w Warszawie

OXREGOWA

im prof. Jana Nlelubowlcza

Podpisy czlonkéw Komisji Bioetycznej glosujacych projekt KB/1253/19

w dniu 19 wrze$nia 2019 r.

Gléwny badacz: lek. Jolanta Cylwik

Przewodniczacy
dr hab. n. med. Marek Czarkowski
(internista, endokrynolog, kardiolog)

Czlonkowie:
mgr farm. Elzbieta Przymus - Géralczyk
(vice- Przewodniczaca, farmaceuta)

prof. nadzw. dr hab. Stanistaw Ancyparowicz
(chirurg)

dr n med. Andrzej Dabrowski
(internista, pulmonolog, alergolog)

dr n. med. Rafal Machowicz
(internista)

prof. dr n med. Magdalena Marczynska
(pediatra)

lek. dent. Ewa Migkus-Paczek
(stomatolog)

prof. Stanistaw Niemczyk
(nefrolog, endokrynolog, transplantolog kliniczny)

mgr Renata Piasecka -Krawczyk
(pielggniarka)

ks.dr hab. Dariusz Pater
(duchowny, etyk)

dr n. med. BozZena Pietrzykowska
(psychiatra)

dr n med. Joanna Romejko - Jarosinska
(internista, onkolog kliniczny)

Dr n med. Michat Stepka
(internista, gastroenterolog, diabetolog)

dr n. med. Marek Stopinski
(internista, nefrolog)

dr n. praw. Radostaw Tyminski
(radca prawny)

Komisja Bioetyczna Okregowej Izby Lekarskiej w Warszawie
im. prof. Jana Nielubowicza

ul. Putawska 18, 02-512 Warszawa

NIP: 522-000-23-57

tel.: (22) 54 28 312
fax: (22) 54 28 313
www.izba-lekarska.pl
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OKREGOW;

LGOWA'
I1ZBA LEKARSKA

wiaizame  Okregowej Izby Lekarskiej w Warszawie

Komisja Bioetyczna

I prof Jana Nielubow

7/20018/1254/19

Warszawa, dnia 24 pazdziernika 2019

Lek. Jolanta Cylwik

Mazowiecki Szpital Wojewddzki w Siedlcach Sp. z 0. o.
ul. Poniatowskiego 26,

08-110 Siedlce

Dotyczy badania: KB/1254/19

Tytul badania: Przydatnos¢ ultrasonogafii pluc w optymalizacji procesu rekrutaci.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Warszawie na posiedzeniu w dniu

24.10 2019 zapoznata si¢ i wydata pozytywna opini¢ dotyczaca:

uzasadnienia merytorycznego (z bibliografig zastosowania usg do badania phuc);
uzupelnienia opisu technologicznego i metodologii badania - Protokét badania wersja
2 z dnia 30.09.2019

Informacji o wiasnych do$wiadczeniach w badaniu USG pluc - zyciorys gléwnego
badacza Jolanty Cylwik wersja 2 z dnia 30.09.2019

Informacji o udziale w badaniu wspétbadacza dr Natalii Budy - Protokot Badania
wersja 2 z dnia 30.09.2019.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Warszawie tel.: (22) 54 28312
im. prof. Jana Nielubowicza fax: (22) 54 28313
ul. Putawska 18, 02-512 Warszawa www.izba-lekarska.pl

NIP: 522-000-23-57
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Komisja Bioetyczna
Okregowej Izby Lekarskiej w Warszawie

OKREGOWA
1ZBA LEKARSKA
W WARSZAWIE

im. prof. Jana Niclubowicza

Lista obecno$ci czlonkéw Komisji Bioetycznej na posiedzeniu
w dniu 24 pazdziernika 2019 r.

o ]
L.p. Nazwisko i imi¢ Zawéd, kwalifikacje Miejsce pracy Podpis
. Centralna Wojskowa e
1. gizgi;:ifw' Qe Apeyparawics chirurg Przychodnia Lekarska SPZOZ % LD =]
,.CePeLek” ) )
internista, i
2. | dr hab. n. med. Czarkowski Marek kardiolog, Prywatna Praktyka Lekarska 4
endokrynolog
3. |drn. med. Dabrowski Andrzej Tt CSK WUM w Warszawie i
pulmonolog, alergolog
prof. dr hab. n med. Marczyriska 5 Warszawski Uniwersytety f, 1 e
A Magdalena pedistia Medyczny , l}/‘/""v‘"ﬂ
- : b
5. |lek. dent. Migkus-Paczek Ewa stomatolog Sigital Psychlafryczny @
w Radomiu
. A ; Warszawski Uniwersytety K b
6. |drnmed. Rafal Machowicz internista ezl %”L
nefrolog,
7 prof. dr hab. n med. Niemczyk endokrynolog, Wojskowy Instytut Medyczny
" | Stanistaw transplantolog W Warszawie
kliniczny, geriatra
8. |mgr Renata Piasecka Krawczyk pielegniarka Prywatna Praktyka %
9. |ks. dr hab. Dariusz Pater duchowny, etyk Umwers’ytet. Kardynata Stefgna g / A/
Wyszynskiego w Warszawie
. Y
10. |drn. med. Pietrzykowska Bozena psychiatria Prywatna Praktyka Lekarska
mgr farm. Przymus-Géralczyk : PR /
11. Elzbicta farmaceuta Apteka w W-wie L o f
dr n med. Romejko- Jarosifiska internista, onkolog Centrum Onkologii Instytut
12. Joanna kliniczny im. Marii Sktodowskiej - Curie WM‘
internista, s st . I
13. | dr n med. Michat Stepka gastroenterolog, Visjewtizd S.zgntal Chinughi | |
: Udarowej $w. Anny 4 -
diabetolog
N 3 14
14. |dr n. med. Stopinski Marek nefrolog Brpitel Grodpsku 1’\ .
Mazowieckim I
sz s : Radostaw Tyminski
15. |dr n. praw. Radostaw Tyminski prawnik SO —

Komisja Bioetyczna Okregowej Izby Lekarskiej w Warszawie

im. prof. Jana Nielubowicza
ul. Putawska 18, 02-512 Warszawa
NIP: 522-000-23-57

tel.:
fax:
www.izba-lekarska.pl

(22) 54 28312
(22) 54 28 313
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OSWIADCZENIA WSPOLAUTOROW /

STATEMENTS OF THE CO-AUTHORS
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Dr. n. med. Natalia Buda

(tytut zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,Lung Ultrasonography in the Monitoring of
Infraoperative Recruitment Maneuvers”, autorstwa: Cylwik J, Buda N., wydanej w
Diagnotics, 2021;11,276, oswiadczam, iz moéj witasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy
w formie publikacji to: opracowanie koncepciji, metodologii i pisanie manuskryptu.

Jednocze$nie wyrazam zgode na przedtozenie w/w pracy przez lek. Jolante
Cylwik jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i moziiwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wktad lek. Jolanty Cylwik przy opracowywaniu koncepci,
metodologii, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacii
wynikéw tej pracy, pisaniu manuskryptu.

(podpis wspdtautora)
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Gdansk, dnia...0.6..12:. 22/

Dr. n. med. Natalia Buda

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. . The impact of ulirasound-guided recruitment
maneuvers on the risk of postoperative pulmonary complications in patients
undergoing general anesthesia™ autorstwa: Cylwik J, Buda N., wydanej w Journal of
Ultrasonography, oswiadczam, iz méj wtasny wktad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacii to: opracowanie koncepciji, metodologii i pisanie manuskryptu.

Jednoczes$nie wyrazam zgode na przedtozenie w/w pracy przez lek. Jolante
Cylwik jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i moziiwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wktad lek. Jolanty Cylwik przy opracowywaniu koncepcii,
metodologii, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacii
wynikéw tej pracy, pisaniu manuskryptu.

(podpis wspdtautora)
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