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Background: Aeration of the lungs must be monitored during general anesthesia be-
cause of the possibility of postsurgical pulmonary complications. The aim of this study
was to compare Pa0,/FiO, and the number of regions with B-line on transthoracic lung
ultrasonography (TLU) between the postinduction and postsurgical periods.

Methods: Twenty-six adult patients undergoing major abdominal surgery were enrolled.
Arterial blood gas analysis and TLU were performed 30 min after the induction of anes-
thesia (postinduction) and after skin closure (postsurgical period) while patients were
under mechanical ventilation. TLU was performed in 12 regions (anterior, lateral, and
posterior in the upper and lower regions of both lungs). The number of regions with B-
line was counted.

Results: Compared with postinduction values, the number of regions with B-line on
TLU was increased in the postsurgical period (0.3 + 0.5 to 1.3 + 1.2, P < 0.001); how-
ever, Pa0,/Fi0, did not significantly differ (421.3 + 95.8 to 425.2 + 86.0, P = 0.765).
The change in Pa0,/Fi0, (postinduction-postsurgical period) was significantly higher in
Group B than in Group A (P = 0.028).

Conclusions: Although the number of regions with B-line on TLU was increased in the
postsurgical period, lung oxygenation did not differ, based on the main assessment in
this study. In contrast, patients with an increased number of regions with B-line tended
to show a reduction in Pa0,/FiO, during the postsurgical period. Further study seems
necessary to establish the number of regions with B-line on TLU as a tool for evaluation
of perioperative oxygenation.

Keywords: Anesthesiology; Lung; Prospective studies; Pulmonary atelectasis; Pulmonary
ventilation; Ultrasonography.

INTRODUCTION

Aeration of the lungs must be monitored during general

anesthesia. During mechanical ventilation, a variety of post-

operative pulmonary complications can occur, including
atelectasis, effusions, or pneumonia [1-3]. There are several
methods to diagnose perioperative lung aeration [4,5]. Imag-

ing studies, such as magnetic resonance imaging (MRI) and
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computed tomography (CT) constitute the current standard
methods; however, in addition to their high costs and re-
quirement for radiation exposure, these methods are not
available in the operating room. The inert gas rebreathing
method also can detect perioperative changes in lung aera-
tion, but specific equipment is required [6,7].

Ultrasound is a noninvasive and portable diagnostic tool
that can be used at bedside. There is increasing use of ul-
trasound in the anesthesia field, including transthoracic
lung ultrasonography (TLU). Recently, a few studies have
attempted to use TLU for the measurement of lung aeration,
but no standard protocol has been developed [8-11]. Among
the findings on TLU, B-line is the most distinguishing feature
indicative of reduction in lung aeration, and can easily be as-
sessed by clinicians with minimal experience in TLU [9,12].
Because atelectasis is common after mechanical ventilation
during general anesthesia, we hypothesized that the number
of regions with B-line would increase in the postsurgical pe-
riod.

The aim of this study was to compare PaO,/FiO, and the
number of regions with B-line on TLU between the postin-

duction and postsurgical periods.

MATERIALS AND METHODS

This prospective, observational study was approved by
the Institutional Review Board (approval no: 3-2015-0130) of
Gangnam Severance Hospital, Seoul, Korea; it was registered
at clinical trials.gov (NCT02499536). Patient identification
information and data were encoded and scrambled in a re-
stricted computer; written informed consent was obtained
from all patients.

Adult patients (> 20 years of age) undergoing major ab-
dominal surgery under general anesthesia were enrolled in
this study. Exclusion criteria were history of pulmonary dis-
ease (e.g., asthma, chronic obstructive pulmonary disease, or
restrictive pulmonary disease), any consolidation or patho-
logic lesion on chest X-ray imaging, pregnancy, cardiopul-
monary disease (e.g., arrhythmia, heart failure, or myocardial
infarction), and cardiothoracic surgery.

In the operating room, all patients were monitored with
electrocardiography, pulse oximetry, and noninvasive blood
pressure measurement. After premedication with intrave-

nous glycopyrrolate 0.1 mg, patients were preoxygenated
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with 100% O, mask for 5 min. Anesthesia was induced with
propofol 1.5 mg/kg and remifentanil 0.5 pug/kg. Patients were
manually ventilated with 1 to 1.5 minimum alveolar con-
centration of sevoflurane in 100% oxygen and remifentanil
0.1 pg/kg/min, after confirming suppression of the eyelash
reflex. For neuromuscular blockade, rocuronium 0.8 mg/kg
was administered intravenously. Neuromuscular blockade
was confirmed by loss of train-of-four twitch (TOF) at 120 s
after rocuronium administration. Tracheal intubation was
performed with a conventional endotracheal tube. After
confirmation of endotracheal tube position, mechanical
ventilation was initiated with volume-controlled ventilation
mode. Tidal volume was set to 8 ml/kg, based on ideal body
weight without positive end expiratory pressure (PEEP), and
the respiration rate was adjusted to maintain partial pressure
of carbon dioxide concentration between 32 and 36 mmHg.
The inspiration: expiration ratio was set as 1:2, FiO, as 0.5,
and time of inspiratory pause/time of inspiration (T;/T;) as
0.1. For each patient, a radial artery was cannulated to enable
continuous monitoring of arterial pressure and blood gas
analysis. During anesthesia, rocuronium infusion was con-
tinued to maintain TOF count less than 1.

Arterial blood gas analysis for PaO,/FiO, calculation and
TLU was performed at 30 min after the induction of anesthe-
sia (postinduction period) and after skin closure (postsurgical
period) while patients were under mechanical ventilation.
Other study variables, such as mean arterial pressure, pulse
rate, peak airway pressure, and plateau airway pressure were
also recorded in the postinduction and postsurgical periods.
TLU was performed by a single investigator using a portable
EDGE ultrasound system (SonoSite, USA) using a curvilinear
probe of 2-5 MHz or linear probe of 6-13 MHz. The thorax
was divided into 6 regions in each lung (Fig. 1): anterior and
posterior axillary lines were used to divide anterior, lateral,
posterior regions; a line crossing the nipple was used to di-
vide upper and lower regions [11]. Ultrasound images of each
region were stored for further analysis at the most appropri-
ate time to determine the presence of B-line. When neces-
sary, the patient’s arm was abducted during the ultrasound
examination. On ultrasound images, A-line was defined as a
repetitive, horizontal reverberation artifact generated by air
within the lungs, separated by regular intervals. This repeti-
tive artifact represents normal or excessive air contents in the

alveolar spaces. Furthermore, B-line was defined as a verti-
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Anterior Anterior

Fig. 1. The thorax was divided into 6 regions in each lung. Anterior and
posterior axillary lines were used to divide anterior, lateral, and poste-
rior regions; a line crossing the nipple was used to divide upper and
lower regions.

Fig. 2. A-line and B-line on transthoracic ultrasound. (A) Repetitive,
horizontal reverberation artifacts generated by air within the lungs,
separated by regular intervals (A-line, white arrow). (B) Vertical, laser-
like lines that erase normal A-lines (B-line, white arrow heads).

cal, laser-like line that erased normal A-lines (Fig. 2) [8,9]; this
line represents a reduction in acoustic mismatch between
lung and surrounding tissues due to reduction in alveolar air,
which may be a result of possible lung exudate/transudate,
collagen, blood, or other factors.

Based on a study by Casati et al. [13], a sample size of 26
was required to detect mean (standard deviation, SD) differ-
ence in Pa0,/FiO, of 80 (137) mmHg at an o, level of 0.05 and
a power of 0.8, considering 10% dropout. Statistical analysis
was performed using the SPSS version 20.0 (IBM, USA). Re-
sults were expressed as mean + SD, median (interquartile

range), or number of patients. The Kolmogorov-Smirnov
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Table 1. Demographic Data

Patient characteristic Value (n = 26)
Sex (M/F) 10/16
Age (yr) 53.2+11.6
ASA physical status (I/11/11l) 6/17/3
Weight (kg) 63.7 £10.9
Height (cm) 162.3+8.8
Body mass index (kg/m°) 241 +2.7
Operative time (min) 2949+ 122.2
Anesthesia time (min) 354.3+124.7

Values are presented as number of patients or mean + SD. ASA: Ameri-
can Society of Anesthesiologists.

Table 2. Postinduction-postsurgical PaO,/FiO, and Number of B-lines
on Transthoracic Ultrasonography (n = 26)

Variables Postinduction Postsurgical P value
Pa0,/FiO, 421.3+95.8 425.2 +86.0 0.765
B-line 0.3+0.5 1.3+12 <0.001
Spo, 99.2+0.8 99.8+0.4 0.002
MBP 79.0+94 776+ 10.5 0.602
Peak 13.6+2.6 15.7+2.6 <0.001
Plateau 12.7+24 144+ 2.6 <0.001

Values are presented as mean = SD. PaO,/FiO,: partial pressure
(mmHg) of arterial oxygen/fractional inspired oxygen ratio, B-line: num-
ber of regions in which B-lines were observed, Sp0,: peripheral oxygen
saturation, MBP: mean blood pressure, Peak: peak airway pressure,
Plateau: plateau airway pressure.

test was used to assess the normality of continuous variable
distributions. For comparison of parameters between postin-
duction and postsurgical periods, or between subgroups, a
paired #-test or the Wilcoxon signed-rank test was used. To
assess the association between the change in PaO,/FiO, and
number of regions with B-lines, Spearman correlation analy-

sis was used.

RESULTS

Twenty-six patients were assessed for eligibility. No patient
was excluded from the study. Patient characteristics are sum-
marized in Table 1.

The number of regions with B-line was significantly higher
in the postsurgical period than in the postinduction period
(P < 0.001); however, no significant change in PaO,/FiO, (P
= 0.765) was observed. Although there was no significant
difference in mean arterial pressure, both peak and plateau
airway pressure increased in the postsurgical period (Table 2).

Change in the number of regions with B-lines inversely cor-
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related with change in PaO,/FiO, (r = -0.575, P = 0.002).

Post hoc subgroup analysis was performed. Compared
with postinduction values, 10 patients had the same or a low-
er number (Group A) and 16 patients had a higher number of
regions with B-line (Group B). Demographic data of the sub-
groups are presented in Table 3. There were no differences
in demographic data and PaO,/FiO, between the 2 groups in
both postinduction and postsurgical periods. However, the
change in PaO,/FiO, (postinduction-postsurgical period) was
significantly higher in Group B than in Group A (P = 0.028)
(Table 4).

DISCUSSION

The main finding of this study was that, although the num-
ber of regions with B-line in TLU increased in the postsurgical

period, there was no difference in lung oxygenation in adult

Table 3. Comparison of Demographic Data between the Groups

patients undergoing general anesthesia. However, change in
the number of regions with B-lines inversely correlated with
change in PaO,/FiO,.

A previous study regarding the efficacy of TLU for diagnosis
of atelectasis reported 88% sensitivity, 89% specificity, and
88% accuracy, using MRI as reference [8]. When CT was used
as reference, 87.7% sensitivity, 92.1% specificity, and 90.8%
accuracy were reported [14]. B-lines on TLU can be observed
in the lung when air withdrawal is caused by atelectasis.
However, water, blood, connective tissue, and cell content
can also generate B-lines [12,15]. Many different signs of at-
electasis on TLU (e.g., consolation, air bronchogram, loss of
lung sliding, and pulse sign) have been discussed for diagno-
sis of atelectasis; however, other pathologic conditions of the
lung can also cause these signs to occur on TLU [8]. Develop-
ment of grading systems has been attempted by combining

these signs, but there is no standardized method to diagnose

Patient characteristic Group A (n =10) Group B (n = 16) P value
Sex (M/F) 5/5 5/11 0.349
Age (yr) 52.5(44.3,58.0) 55.5 (46.5, 58.8) 0.635
ASA physical status (I/11/11l) 4/4/2 2/13/1 0.491
Weight (kg) 67.5(61.3,73.3) 57.0 (54.0, 67.0) 0.114
Height (cm) 162.5 (158.3, 170.3) 162.0 (157.5, 165.5) 0.562
BMI (kg/m?) 25.0(24.1, 26.5) 23.3(21.8, 26.0) 0.215
Operative time (min) 296.0 (270, 477.5) 232.5 (199, 298.5) 0.082
Anesthesia time (min) 370.0 (345.0,512.5) 290.0 (238.8, 360.0) 0.114

Values are presented as number of patients or median (1Q, 3Q). Group A: no additional regions with B-line after surgery, Group B: more than 1 ad-
ditional region with B-line after surgery. ASA: American Society of Anesthesiologists, BMI: body mass index.

Table 4. Postinduction-Postsurgical Differences between the Groups

Variable Group A (n=10) Group B (n=16) P value

Pa0,/Fi0,

Postinduction period 397.3+100.4 4475 + 85.7 0.077

Postsurgical period 426.0 +62.8 4247 +£99.8 0.972
VO, -40.6 (-74.3,7.3) 15 (-2.3, 21.0) 0.028
SpO,

Postinduction period 99.1+1.0 99.2+0.8 0.801

Postsurgical period 99.9+0.3 99.8+0.5 0.365
Peak

Postinduction period 12.5(10.8, 15.5) 14.0 (11.5, 15.8) 0.593

Postsurgical period 16.0 (12.0, 19.3) 16.0 (14.0, 17.0) 0.682
Plateau

Postinduction period 12.0(10.0, 14.5) 13.0(10.5, 14.8) 0.766

Postsurgical period 14.5(12.0, 18.3) 14.5 (13.0, 16.0) 0.475

Values are presented as mean + SD or median (1Q, 3Q). Group A: no additional regions with B-line after surgery, Group B: more than 1 additional
region with B-line after surgery, PaO,/FiO,: partial pressure of arterial oxygen/fractional inspired oxygen ratio, VO,: difference between postinduction-
postsurgical Pa0,/FiO,, SpO,: peripheral oxygen saturation, Peak: peak airway pressure, Plateau: plateau airway pressure.
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atelectasis with TLU [11,14]. Notably, TLU appears suitable
for the detection of reduced aeration, rather than atelectasis.
Recently, a pilot study reported that TLU may be a feasible
tool to track perioperative atelectasis [11]. In that study,
change in lung ultrasound score correlated with change in
Pa0,/FiO,. However, the use of multiple signs on TLU may
increase inter-observer variability, and the use of a com-
plicated grading system is not practical in a busy operating
room setting. In contrast, assessment of the numbers of re-
gions with or without B-line on TLU can easily be performed
by clinicians who have minimal experience in TLU.

Because atelectasis is common after mechanical ventila-
tion during general anesthesia, we hypothesized that the
number of regions with B-line would increase in the postsur-
gical period [1,16]. However, although the number of regions
with B-line was increased, PaO,/FiO, did not decrease in the
postsurgical period. This is likely because, in some patients,
the number of regions with B-line decreased, while PaO,/
FiO, increased in the postsurgical period. This may be partly
a result of patient characteristics. In this study, only healthy
adult patients with American Society of Anesthesiologists
physical status I or II were included. Obesity was not an ex-
clusion criterion, but the mean + SD body mass index was
24.1 + 2.7 kg/m” [2]. In a previous study of young patients
undergoing laparoscopic cholecystectomy using FiO, 0.4,
gas exchange was improved in the postsurgical period [17].
Although FiO, 1.0 was used during mask ventilation in this
study (this practice can generate atelectasis in a short period),
FiO, was maintained at 0.5 during surgery [18]. In this study, 6
patients with an increased number of regions with B-line also
showed increased PaO,/FiO,. In these patients, preoperative
aeration loss other than ultrasonography-visible intrapulmo-
nary changes seemed to be related to these changes. Reduc-
tion in intra-pulmonary shunt, change in pulmonary blood
distribution, or change in compliance of thoracic cavity may
constitute possible explanations [17,19,20]. However exact
mechanisms remain unclear and further investigations are
necessary.

Increased airway pressure was traditionally thought to
be associated with reduction in aeration of the lungs. In
the present study, both peak and plateau pressure were in-
creased in the postsurgical period. Inflammatory or chemical
stress from mechanical ventilation, pulmonary edema, or

surgery-related lung injury may have influenced these in-
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creases in airway pressure [21,22]. Zero PEEP in the present
study may also have influenced airway pressure because the
use of PEEP may prevent atelectasis that occurs as a result of
repeated airway closure associated with reduced end expira-
tory lung volume [16,23]. However, Pa0O,/FiO,, an indicator
reflecting the aeration of the lungs, did not decrease in the
postsurgical period. Based on the results of the present study,
increased airway pressure cannot be considered a reliable
factor to indicate aeration of the lungs. In contrast, PaO,/
FiO, appeared to decrease in associated with an increased
number of regions with B-line in lung ultrasound. Although
further research seems necessary, the results of the present
study suggest that pulmonary ultrasound can be used in case
of restrictions regarding arterial blood gas analysis during
surgery, or for evaluating altered lung aeration.

There were several limitations in this study. First, atelec-
tasis was not confirmed with a standard diagnostic method,
such as CT or MRI. Thus, we could not evaluate the sensitiv-
ity or specificity of TLU. Second, because post hoc subgroup
analysis was performed, the statistical significance of the
change in PaO,/FiO, is underpowered. Aside from these limi-
tations, this is the first trial to evaluate the clinical significance
of the number of regions with B-line on TLU, which can easily
be performed by clinicians with minimal experience in TLU.
Therefore, we hope to present the potential for this easy and
novel perioperative oxygenation assessment tool to be used
during surgery, thus encouraging further studies.

In conclusion, although the number of regions with B-line
on TLU was increased in the postsurgical period, there was
no difference in lung oxygenation based on the main result of
this study. In contrast, patients with an increased number of
regions with B-line tended to show a reduction in PaO,/FiO,
during the postsurgical period. However, further study seems
necessary to establish the number of regions with B-line on

TLU as a tool for the evaluation of perioperative oxygenation.
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