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ABSTRACT

Objectives: General anesthesia and positive pressure ventilation are associated with perioperative pulmonary complica-
tions. Lung ultrasound (LUS) is a method used to evaluate lung parenchyma. The purpose of this study was to evaluate LUS
patterns in a cohort of women undergoing gynecological surgery with uncomplicated general anesthesia.

Material and methods: Patients were assessed according to the 8-zone LUS assessment protocol used to detect lung
sliding, A-lines, B-lines, interstitial syndrome and lung consolidation. Each patient was screened at specific time intervals:
before induction of anesthesia, at induction, 30 and 60 minutes after induction and within two hours after recovery.

Results: A total of 99 patients undergoing gynecological surgery with uneventful anesthesia from November 2017 to No-
vember 2018 were included in this study. A total of 426 LUS records were retained for further analysis. Overall, no significant
changes to patients’ A-line appearance were detected, regardless of the time of assessment. There was, however, an increase
in the number of B-lines at the screening times of 30 and 60 minutes after induction, as compared to initial assessments
(p=0.011 and p < 0.001 respectively), and an increase in the number of positive regions (= 3 B-lines) at 30 and 60 minutes
after induction and after recovery, as compared to initial assessment (p < 0.001; p < 0.001 and p = 0.001 respectively).

Conclusions: An uneventful anesthesia may predispose to abnormal LUS findings and should be considered while inter-

preting of LUS results in cases with perioperative pulmonary complications.
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INTRODUCTION

Lung ultrasound (LUS) is a well-recognized diagnostic
tool. One benefit of this quick, easily repeated bedside as-
sessment is to help diagnose possible reasons for patient
deterioration, including alveolar consolidation, pulmonary
edema, pneumothorax and pleural effusion [1-3]. There is
a short learning curve when learning to use LUS technique,
and high intra- and inter-observer reproducibility confirmed
in rapid training for gynecologists and obstetricians [4].

There is growing evidence that LUS is a very useful tool
for gynecologists and obstetricians. Published evidence
concern COVID-19 obstetric patients, pre-eclamptic patients
or pregnant patients during the last gestational weeks and
labor where lung ultrasound is often performed by gy-
necologists and obstetricians [5-10]. Perioperative setting
may also involve need of LUS assessment in case of respira-
tory complications.
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The incidence of postoperative pulmonary complica-
tions (PPC) may be even up to 59% depending on the surgi-
cal patient population [11, 12]. Recently published reviews
indicated a need for deeper exploration of perioperative
ultrasound including scanning protocols, time intervals
when scanning should occur and patient benefits [13].

Objectives
The goal of this study was to assess the LUS pattern and its
changes in patients undergoing general anesthesia with posi-
tive pressure ventilation. The hypothesis behind the study was
that even uneventful general anesthesia with positive pressure
ventilation may cause visible changes in the LUS pattern.

MATERIAL AND METHODS
After receiving approval from the Ethics Committee of
Jagiellonian University, Cracow, Poland (approval number:
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122.6120.142.2016; 23 June 2016), this prospective obser-
vational study was conducted in a single university hospital.
All study participants gave written, informed consent to
participate in the study before enrolment.

Patient participation was voluntary. The study popula-
tion was composed of female patients scheduled for elec-
tive, gynecological procedures using general anesthesia
and positive pressure ventilation. Patients chosen for this
study were required to be 18 years of age or older and
able to provide informed, written consent. Patients were
excluded from this study if receiving pregnancy-related
surgery, if the research personnel was unable to obtain
all LUS assessments (i.e., the initial assessment before in-
duction of anesthesia or any of the following within the
study protocol time frames) or if patients were experienc-
ing any respiratory or circulatory complications at the
time of the study. Parameters of interest were assessed
using standard perioperative monitoring devices (the Da-
tex Ohmeda S/5 Aespire Patient Monitor, GE Healthcare
Helsinki, Finland).

Data collection

Baseline patient characteristics were collected includ-
ing age, weight, height, body mass index (BMI), ideal body
weight (IBW) according to the Lorenz formula [14], Ameri-
can Society of Anesthesiologists Physical Status (ASA) [15],
positive end expiratory pressure (PEEP), peak inspiratory
pressure (PIP), perioperative fluids management, fraction of
inspired oxygen (FiO,) during induction and recovery from
anesthesia, intra-abdominal carbon dioxide pressure dur-
ing laparoscopy, type of surgery (laparoscopy, laparotomy,
hysteroscopy), airway management (tracheal intubation
versus supraglottic airway), patient’s use of muscle relax-
ants, intravenous fluid volume, and duration of anesthesia.
The LUS and parameters of interest were recorded before
induction of anesthesia, at induction of anesthesia and
30 and 60 minutes after induction according to duration
of surgery. The last LUS assessment was conducted in the
recovery room within two hours after surgery.

Anesthesia

Since it was an observational study no changes were
doneto the anesthesia and intraoperative ventilator proto-
cols and management used in the institution. Thirty minutes
before induction of anesthesia, patients received 2mg of
midazolam intravenously. General anesthesia was induced
with propofol 2-3 mg kg ', fentanyl 1-2 ug kg ' and, in
cases of muscle relaxation, rocuronium 0.6 mg kg *'. Mainte-
nance of anesthesia was performed with oxygen/air mixture
(FiO, 0.4) and sevoflurane (0.8-1.2 of age adjusted expiratory
minimal alveolar concentration), fresh gas flow 3 | min .
Ventilation rate (volume-controlled ventilation, |:E ratio of

1:2) was adjusted to maintain normocapnia with a tidal vol-
ume of 6-8 ml kg " IBW and PEEP of 2-5 cm H,0. An infusion
of intravenous crystalloid fluid therapy was initiated on each
patient before induction of anesthesia. Patients received
0.5-1 mg of atropine and 2 mg of neostigmine intravenously
to reverse the neuromuscular block.

Ultrasound protocol

There are various LUS assessment protocols that allow
qualitative and quantitative assessment of dynamically
changing LUS artefacts [16-18]. However, not all proto-
cols are relevant to surgery in the supine position. For
this reason, the 8-zone protocol, as defined in the “In-
ternational evidence-based recommendations for point
of care lung ultrasound” [19], was chosen for this study.

All patients’ lungs were assessed for the presence of
lung sliding, A-lines, B-lines, interstitial syndrome [two
or more bilateral positive regions (presence of three or
more B-lines)], lung consolidation and pleural effusion
using the 8-zone protocol [19]. For the initial and last
LUS assessment, the patients were in a semi-recumbent
position. During anesthesia, the patients were positioned
in the Trendelenburg position according to their specific
surgical needs.

All ultrasound assessments were conducted indepen-
dently by two certified physicians (PK and AJ) experienced
in the administration of LUS assessments. All ultrasound
assessments were performed using the SignosRT instrument
(Signostic Limited, Clovely Park SA, Australia) with a sector
probe with lung pre-set and 10 cm of depth (3.0-5.0 MHz;
Signostic Limited, Clovely Park SA, Australia).

Statistical analysis

A power analysis was conducted using data from pre-
liminary study. A sample of 56 patients showed an overall
80% power for detecting the differences with a two tailed
alpha of 0.05, as represented by the presence of three or
more B-lines, 30 minutes after the “before induction” time
point. In cases of normally distributed data, continuous
data are presented as a mean value with standard devia-
tion. Non-normally distributed data are presented as a me-
dian value with interquartile range. Normality was assessed
using the Shapiro-Wilk test. Discrete data are presented as
frequency and percentage.

The changes in the number of fields for A-lines, B-lines
and = 3 B-lines were assessed by pairing Wilcoxon tests with
Bonferroni corrections over multiple comparisons. Compari-
sons of two repeated measures of dichotomic variables were
made using the McNemar test. Analyses were conducted
using R software (ver. 3.5.1; R Development Core Team,
Austria, Vienna) [20]. Results with a p value < 0.05 were
considered significant.
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Table 1. Basic patient characteristics (n = 99)

Variables

Age [years] median (IQR)

Weight [kg] median (IQR)

Height [cm] mean + SD

BMI [kg/m?] median (IQR)

IBW [kg] mean + SD

Fluids administrated i.v. [mL] median (IQR)
Intraabdominal laparoscopic CO, pressure [cm H,0] median (IQR)
PIP [cm H,0] median (IQR)

TV [mL] median (IQR)

TV/IBW [mL/kg] mean + SD

ASA (n)

Type of surgery (n)

Muscle relaxants use

Duration of surgery

FiO, during induction and recovery from anesthesia

PEEP (cmH,0)

Value

39(16)

63 (19)

165.21 £6.51

24.01 (7.04)

57.61+3.25

850 (250)

14(1)

17 (8)

425 (50)

735%0.74

ASA 1-2 93 (93%)
ASA3 6 (6%)
Laparoscopy 71 (71%)
Laparotomy 14 (14%)
Hysteroscopy 13 (13%)
Missing data 1(1%)
No 13 (13%)
Yes 86 (86%)
<1h 55 (55%)
>1h 44 (44%)
0.8 20 (20%)
1.0 76 (76%)
PEEP >3 50 (50%)
PEEP <3 49 (49%)

BMI — body mass index; IBW — ideal body weight; CO, — carbon dioxide; PIP — peak inspiratory pressure; TV — tidal volume; ASA — American Society of
Anesthesiologists Physical Status; FiO, — fraction of inspired oxygen; PEEP — positive end expiratory pressure; IQR — interquartile range; SD — standard deviation

Before At After After
induction induction 30 minutes »| 60 minutes »| recovery
n=99 n=99 n=44 n=99

Figure 1. The study flowchart

RESULTS

One hundred patients were included in the study
on a voluntary basis, from November 2017 to November
2018. One patient was excluded from the initial study group
due to major bleeding and cardiovascular instability during
surgery.

The following surgical procedures were performed:
laparoscopic removal of non-malignant ovarian tumor - 35,
laparoscopic supracervical hysterectomy — 23, diagnostic
hysteroscopy - 13, laparoscopic diagnosis of infertility — 10,

myomectomy - 8, gynecological oncology - 6, removal of
tumorin a cesarean scar - 1, laparoscopic diagnosis of pelvic
pain syndrome - 1, oncofertility - 1, sacrofixation in pelvic
organ prolapse - 1.

Table 1 presents the patient characteristics. Figure 1
(study flowchart) presents the number of LUS assessments
performed at specified time intervals. Four hundred and
twenty-six records were collected for further analysis.
All patients'vital signs were stable within normal ranges dur-
ing surgery, and none demonstrated short-term PPC. Lung
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Table 2. Frequency (percentage) of A-line, B-line, positive regions and consolidations detection according to the probe location during the

8-zone lung ultrasound assessment [19]

Variables RUA RLA RBL
A-lines

Before induction 0(80.81%) 9(79.8%) 5 (65.66%)
After induction 72(72.73%) 62 (62.63%) 2(72.73%)
30 minutes 6 (54.12%) 4(63.53%) 55 (64.71%)
60 minutes 30 (68.18%) 25 (56.82%) 5 (56.82%)
2 hours after recovery 60 (60.61%) 56 (56.57%) 6 (66.67%)
B-lines

Before induction 21(21.21%) 25(25.25%) 26 (26.26%)
After induction 24 (24.24%) 26 (26.26%) 25 (25.25%)
30 minutes 37 (43.53%) 23(27.06%) 20 (23.53%)
60 minutes 25 (56.82%) 13 (29.55%) 13 (29.55%)
2 hours after recovery 27 (27.27%) 33(33.33%) 40 (40.4%)
Positive regions (= 3 B-lines)

Before induction 4 (4.04%) 4 (4.04%) 2 (2.02%)
After induction 3(3.03%) 2 (2.02%) 2(2.02%)
30 minutes 12 (14.12%) 5 (5.88%) 2(2.35%)
60 minutes 15 (34.09%) 5(11.36%) 2 (4.55%)

2 hours after recovery 10(10.1%) 12 (12.12%) 12(12.12%)
Consolidation

Before induction 0 (0%) 0 (0%) 0 (0%)
After induction 0(0%) 0(0%) 1(1.01%)
30 minutes 0 (0%) 0 (0%) 0(0%)

60 minutes 0(0%) 0(0%) 0(0%)

2 hours after recovery 0(0%) 0 (0%) 0(0%)

RUL LUA LLA LBL LUL
82(82.83%) 68(68.69%) 49 (49.49%) 73(73.74%) 68 (68.69%)
75(75.76%) 80 (80.81%) 54 (54.55%) 68(68.69%) 69 (69.7%)
57 (67.06%) 52(61.18%) 44(51.76%) 60 (70.59%) 55 (64.71%)
25(56.82%) 23(52.27%) 24 (54.55%) 29 (65.91%) 29(65.91%)
63 (63.64%) 55(55.56%) 47 (47.47%) 59 (59.6%) 67 (67.68%)
23(23.23%) 22(22.22%) 16(16.16%) 32(32.32%) 23(23.23%)

45 (45.45%) 29(29.29%) 29(29.29%) 37 (37.37%) 30(30.3%)
41 (48.24%) 31(36.47%) 25(29.41%) 9(45.88%) 39(45.88%)
24 (54.55%) 16(36.36%) 13 (29.55%) 31(70.45%) 21(47.73%)
29(29.29%) 21(21.21%) 24(24.24%) 45 (45.45%) 41(41.41%)
6 (6.06%) 3(3.03%) 1(1.01%) 0 (0%) 1(1.01%)
9(9.09%) 5(5.05%) 0 (0%) 4 (4.04%) 7 (7.07%)
14 (16.47%) 12(14.12%) 0 (0%) 10(11.76%) 16(18.82%)
13(29.55%) 5(11.36%)  0(0%) 3(6.82%) 8(18.18%)
12(12.12%) 5 (5.05%) 7 (7.07%) 0 (0%) 10(10.1%)

0 (0%) 0(0%) 1(1.01%) 21(21.21%)  0(0%)

0 (0%) 0 (0%) 17 (17.17%)  0(0%) 0 (0%)
0(0%) 0(0%) 12 (14.12%)  0(0%) 1(1.18%)

0(0%) 0(0%) 6 (13.64%) 0(0%) 1(2.27%)
0 (0%) 1(1.01%) 1(1.01%) 23(23.23%) 2(2.02%)

Probe locations during the LUS assessment: RUA — right upper anterior; RLA — right lower anterior; RUL — right upper lateral; RBL — right basal lateral; LUA — left upper
anterior; LLA — left lower anterior; LUL — left upper lateral; LBL — left basal lateral. Data are presented as frequencies (percentages)

sliding was present on all ultrasound areas of assessment.
Records showed neither pleural effusion nor subcutaneous
emphysema. Table 2 and Table 3 show the frequency (per-
centage) of ultrasound artefact detected during anesthesia
and any changes to artefact over time.

Overall, no significant changes were detected in pa-
tients' A-line appearance, regardless of time of assessment.
There was a general increase in the number of B-lines pre-
sent at 30 and 60 minutes after induction, as compared
to the initial assessment (p = 0.011 and p < 0.001 respec-
tively), and an increase in the number of positive regions
(=3 B-lines) at 30 and 60 minutes after induction and after re-
covery, as compared to theinitial assessment (p < 0.001 and
p <0.001 and p = 0.001 respectively). There was also an in-
crease in the number of positive regions (= 3 B-lines) 30 min-
utes after induction, as compared to the number of positive
regions recorded at induction (p = 0.001). The presence of
at least one positive region was common and present in
26 (26%) patients at induction, 56 (66%) patients 30 minutes
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after induction, 37 (84%) patients 60 minutes after induc-
tion and 44 (44%) patients after recovery. At the time of
30 and 60 minutes after induction and after recovery there
were more positive regions in upper than lower lung areas.

Lung consolidation was detected in single LUS assess-
ment area in 21 pre-medicated patients before induction
of anesthesia. After recovery twenty-three patients were
found with consolidations in LUS. Their frequency of ap-
pearance did not reach statistical significance in the specific
time frames.

Interstitial syndrome criteria [19] were met in six patients
at different time frames: one before induction of anesthesia,
one at induction, one at 30 minutes after induction. Three
patients had interstitial syndrome after 60 minutes and
within two hours after recovery. All six patients were offered
FiO, 1.0 during induction and recovery from anesthesia.
Basic characteristics of these patients are present in Table 4.
Due to small sample size logistic regression was not per-
formed in those cases.
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Table 3. Mean number of fields in 8-zone protocol with present artefacts in different time points

Mean number of fields in 8-zone protocol A-lines
Before induction 5.7

After induction 5.58

30 minutes 4.98

60 minutes 4.77

2 h after recovery 4.78
Comparison

Before vs after induction (n = 99) p=1
Before vs after 30 min (n = 85) p=0.58
Before vs after 60 min (n = 44) p=0.321
Before induction vs 2h after recovery (n = 99) p=0.241
After induction vs after 30 min (n = 85) p=1
After 30 min vs after 60 min (n = 44) p=1
After induction vs 2 h after recovery (n = 99) p=0.609

B-lines 2 3 B-lines
1.9 0.21

247 0.32

3 0.84

3.55 1.16

263 0.69
=1 p=0.886
p=0.011 p <0.001
p < 0.001 p <0.001
p=0.583 p=0.001
=1 p=0.001
p=1 p=1
=1 p=0414

Table 4. Basic characteristics of the patient with interstitial syndrome detected in perioperative lung ultrasound

Patient Age (years) ASA Interstitial syndrome presence Duration of anesthesia (minutes) BMI (kg/m?)
1 35 1 After 30 minutes 85 183
After recovery
2 38 1 After recovery 45 30.0
Before anesthesia
3 71 2 At induction 25 25.4
After recovery
4 33 1 After 60 minutes 80 19.5
5 41 2 After 60 minutes 150 23.0
6 72 2 After 60 minutes 180 226

ASA — American Society of Anesthesiologists Physical Status; BMI — body mass index

DISCUSSION

In the current study, we were able to identify frequent
LUS pattern changes in a cohort of 99 women undergoing
uneventful general anesthesia with positive pressure ven-
tilation. There was a general increase in B-lines and positive
region numbers (= 3 B-lines) related to anesthesia in the
majority of patients. Interstitial syndrome was detected in
six patients in different study time frames.

LUS assessment has previously been described in
several critical care studies. In these studies, researchers
used ultrasound to compare lung isolation techniques,
assist with endotracheal intubation or during cricothy-
roidotomy. However, there is lack of data describing LUS
patterns and their perioperative changes during anes-
thesia [13].

Ventilator induced lung injury include biotrauma, at-
electrauma, barotrauma and volutrauma [21]. Lung injury
is associated with mechanical power and relates to tidal

volume, driving pressure, respiratory rate and positive end
expiratory pressure [22].

Our study indicates that even short time intraoperative
lung ventilation in group of patients with low risk of PPC
[23] may induce development of abnormal LUS findings.

Results of this study show dynamic changes in LUS
patterns when the LUS is performed at different intervals
during general anesthesia. Several factors may contribute
to B-lines during anesthesia including gravity, blood ac-
cumulation and increased lung water [18].The increase in
the appearance of B-lines and in the number of positive
regions may be related to lung de-aeration during anes-
thesia [16, 18]. In our study we observed B-lines detected
more often during anesthesia in upper areas of 8 zone
protocol when patients were positioned in Trendelenburg
position. This may suggest different cephalocaudal distri-
bution of ventilation during anesthesia in Trendelenburg
position.
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Not all changes resolved within two hours after recovery
from anesthesia; however, none of the patients presented
any sings of short term PPC. The interstitial syndrome cri-
teria [19] were met in six patients at different time frames,
however the subgroup of patients was very heterogene-
ous. Abnormal LUS findings may affect interpretation of the
LUS results in cases when patients develop PPC.

Lung consolidation found in LUS may be related to at-
electasis developing through either compression of lung
parenchyma or resorption of alveolar gas. Their localiza-
tion would be mainly in dependent lung areas not acces-
sible in 8 zone protocol [24], however in our study we were
able to detect them which may result either from their
major extent in perioperative period or their specific lo-
cation in pericardiac area. In a similar group of patients
undergoing laparoscopic surgery in the Trendelenburg
position absorption atelectasis occurred more frequently
with higher FiO, used during recruitment maneuvers [25].
Consolidations found before induction of anesthesia may
result from hypoventilation secondary to premedication
with benzodiazepines. Signs of atelectasis and pleural effu-
sion in ASA1-2 patients were identified intraoperatively by
Chun et al. when assessed with electrical impedance lung
tomography [26]. The LUS pattern changes may be related
to low PEEP levels observed in the study. However, optimal
level of PEEP during intraoperative ventilation remains un-
known [26-28].

This is a pilot study and has several limitations. First,
was the inability to perform LUS assessment of posterior
regions of the lungs, due to the ongoing surgical proce-
dure. Further evaluation of the lung-dependent regions
may reveal additional pattern changes to those revealed
using only the 8-zone protocol. Secondly, LUS assessments
were only conducted over short time intervals, which re-
sulted from duration of surgery, instead of monitoring
the patients for longer times during and post anesthesia.
The number of pulmonary complications as well as addi-
tional LUS changes may increase in group of patients with
risk factors, the study population was composed of patients
without respiratory abnormalities [23]. Our study due to
sample size was not designed to identify factors contribut-
ing to the LUS pattern changes. Thirdly, this study did not
test patients’ hemodynamic status, a status that may also
play a role in LUS changes [29, 30]. Finally, different LUS
settings and equipment than that used in this study may
reveal other pattern differences [31].

CONCLUSIONS
In conclusion, abnormal LUS findings may occur during
uneventful anesthesia in a healthy cohort of patients. This
may significantly influence the interpretation of LUS results
in cases of perioperative pulmonary complications.
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