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Abstract

Background: Postoperative pulmonary complications (PPCs) are important contributors to mortality and morbidity
after surgery. The available predicting models are useful in preoperative risk assessment, but there is a need for
validated tools for the early postoperative period as well. Lung ultrasound is becoming popular in intensive and
perioperative care and there is a growing interest to evaluate its role in the detection of postoperative pulmonary
pathologies.

Objectives: We aimed to identify characteristics with the potential of recognizing patients at risk by comparing the
lung ultrasound scores (LUS) of patients with/without PPC in a 24-h postoperative timeframe.

Methods: Observational study at a university clinic. We recruited ASA 2-3 patients undergoing elective major
abdominal surgery under general anaesthesia. LUS was assessed preoperatively, and also 1 and 24 h after surgery.
Baseline and operative characteristics were also collected. A one-week follow up identified PPC+ and PPC- patients.
Significantly differing LUS values underwent ROC analysis. A multi-variate logistic regression analysis with forward
stepwise model building was performed to find independent predictors of PPCs.

Results: Out of the 77 recruited patients, 67 were included in the study. We evaluated 18 patients in the PPC+ and
49 in the PPC- group. Mean ages were 684 + 10.2 and 66.4 + 9.6 years, respectively (p = 0.4829). Patients conforming
to ASA 3 class were significantly more represented in the PPC+ group (66.7 and 26.5%; p =0.0026). LUS at baseline
and in the postoperative hour were similar in both populations. The median LUS at 0 h was 1.5 (IQR 1-2) and 1
(IQR 0-2; p=0.4625) in the PPC+ and PPC- groups, respectively. In the first postoperative hour, both groups had a
marked increase, resulting in scores of 6.5 (IQR 3-9) and 5 (IQR 3-7; p =0.1925). However, in the 24th hour, median
LUS were significantly higher in the PPC+ group (6; IQR 6-10 vs 3; IQR 2-4; p < 0.0001) and it was an independent
risk factor (OR =2.6448 Cl195% 1.5555-4.4971; p = 0.0003). ROC analysis identified the optimal cut-off at 5 points with
high sensitivity (0.9444) and good specificity (0.7755).

Conclusion: Postoperative LUS at 24 h can identify patients at risk of or in an early phase of PPCs.

Keywords: Lung ultrasound, Point-of-care ultrasound, Postoperative pulmonary complications, Ultrasonography,
Perioperative care
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Background

Postoperative pulmonary complications (PPCs) are im-
portant causes of mortality after major noncardiac sur-
geries, and they adversely affect several aspects of
morbidity, including the length of hospital stay and un-
expected intensive care unit admissions [1-4]. Their in-
cidence is reported in a wide range (2.8—40%) depending
mostly on the represented patient population and PPC
definitions [1, 2, 4—8]. Even though no single universal
definition exists, there is a widespread consensus about
the involvement of the following in its description: re-
spiratory infection, respiratory failure, bronchospasm,
atelectasis, pleural effusion, pneumothorax, or aspiration
pneumonitis [1, 2, 6, 7] while others add pulmonary
oedema and tracheal reintubation as well [9]. Several
risk stratification models have been described [2, 4, 8,
10], identifying patient- and procedure-related predic-
tors. Risk stratification can identify high-risk patients,
but there is a lack of validated tools in monitoring pa-
tients for early stages of developing PPCs in a potentially
reversible phase. However, conventional chest X-rays
remained routine in thoracic diagnostics, but the wide-
spread use of ultrasound by anaesthesiologists and inten-
sive care physicians made this modality a real point of
care alternative. As a non-invasive tool offering practic-
ally unlimited repetitions, ultrasound became a valuable
method in critical care for the assessment of pleural ef-
fusions [11], pneumothorax [12, 13], and complex proto-
cols exist to diagnose the various causes of respiratory
insufficiency or cardiac arrest [14]. The perioperative use
also seems sensitive and specific for PPCs. Lung ultra-
sound is reported to be superior to radiography in de-
tecting any of the PPCs after cardiothoracic surgery [15].
A quantitative scoring system originally described by
Bouhemad et al. was effectively used to drive ventilation
strategy in ARDS patients or to predict weaning failure
[16-20]. This scoring system relies heavily on ‘B-lines’;
their increased numbers and subsequently confluent
profiles are threshold steps in forming categories. B-lines
are discrete laser-like vertical hyperechoic reverberation
artifacts arising from the pleural line (previously de-
scribed as ‘comet tails’), extend to the bottom of the
screen without fading, and move synchronously with
lung sliding [21]. They are considered to be correspond-
ing to widened interlobular septa and can appear bilat-
erally, conforming to the diagnosis of interstitial
syndrome of the lung including pulmonary oedema irre-
spective to its cause [12, 22], but non-symmetric appear-
ance can be linked to other causes of decreased lung
aeration or to interstitial pulmonary diseases [19, 23].
Although, by nature, this system uses few categories,
good correlation was verified compared to data from
hemodynamic monitoring by pulmonary catheterisation
(wedge pressure) or thermodilution (extravascular lung
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water) [24], and verification studies by CT are also avail-
able [16, 25]. Monastesse et al. verified that, with minor
modifications, it is also feasible for perioperative lung
aeration assessment [26].

The aim of the present study was to evaluate the role
of the lung aeration score measured on definite time-
points of the first 24 h after major abdominal surgery in
the prediction of developing PPCs.

Materials and methods

Patients

This prospective, observational study was conducted be-
tween 25/08/2019 and 24/07/2020 in the 1st Department
of Surgery, Semmelweis University, Budapest, Hungary.
Ethics approval for this study was provided by Semmel-
weis University Regional and Institutional Committee of
Science and Research Ethics, Budapest, Hungary (Regis-
tration number: SE RKEB 158/2019, date of approval: 31/
07/2019). Informed consent was obtained from each sub-
ject. Subjects were > 18 years, ASA 2 or 3 classified pa-
tients, who were scheduled for elective major abdominal
surgery under general anaesthesia with endotracheal in-
tubation on predetermined weekdays. Major surgery was
defined as predicted duration of =120 min, expected need
for postoperative intensive therapy or high dependency
care, operations involving the thoracic cavity were ex-
cluded. The prediction of the operation time and booking
for ICU/HDU beds depended on the judgement of the at-
tending surgeons and anaesthesiologists. Inclusion and ex-
clusion criteria are detailed in Table 1.

Baseline characteristics such as comorbidity data, basic
demographic data, and ASA class were recorded. Co-
morbidity data included history of hypertension, chronic
obstructive pulmonary disease (COPD), congestive heart
failure (irrespective of EF), diabetes (any type), smoking
status by self-report, and active extrapulmonary infec-
tion. Preoperative oxygen saturation was recorded on
the day of surgery on ambient air. Commonly available
biomarker levels with literature relevance as predictors
for PPC, such as haemoglobin level and creatinine were
also collected [2, 4].

The data on the surgical procedure included the type of
surgery, duration of the procedure, and epidural use. We
also assumed operative fluid balance [27], which was

Table 1 Inclusion and exclusion criteria of the study

Inclusion criteria Exclusion criteria

Age = 18 years

ASA class 2 or 3
Major abdominal
surgery

General anaesthesia

Preceding surgery within 30 days
Thoracotomy

History of lung resection

Oxygen therapy at rest

Any kind of acute pulmonary morbidity
Patient on ventilatory support at surgical
admission

ASA American Society of Anaesthesiology
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calculated from intravenous fluid therapy, urine output
and content of the suction vessel with surgical sponges
(where used) without the quantity of saline used for
lavage.

ARISCAT (Assess Respiratory Risk in Surgical Patients
in Catalonia) score, a cumulative determinant of PPC
risk was also calculated [2].

Ultrasound protocol

Ultrasonographic scans were performed by one of four
adequately trained independent anaesthesiologists who
had undergone institutional training for ultrasound use
in anaesthesia, and who had at least 2 years of experi-
ence in the field conforming to the criteria of adequate
experience validated in LUS training programs [28]. All
examinations were performed using the same ultrasound
machine (Hitachi Aloka Noblus, Hitachi Healthcare,
Tokyo, Japan). A linear transducer of 10-3 MHz was se-
lected, a study preset of 7.5 MHz without tissue har-
monic imaging was activated, and care was taken on
focus positioning to the proximity of the parietal pleura.
In particular cases, the ultrasonographer could choose a
convex probe of 5 MHz to obtain images from obese pa-
tients [29].

Patients were examined in semirecumbent position.
Six fields of each hemithorax were scanned defined by
the mamillar line horizontally, the anterior and posterior
axillary lines vertically, following a similar approach used
in previous studies [16, 18, 26]. We performed latero-
lateral scanning in at least two interspaces of each field
with longitudinal probe position and a representative
image or clip was taken for offline validation. Posterior
fields were examined only in the proximity of the poster-
jor axillary lines, not requiring any important activity
from the patient or the presence of an assistant to con-
form to the need of a reproducible situation during post-
operative measurements even on mechanically ventilated
patients.

The scans were performed three times on each patient.
First, immediately before inducing anaesthesia in the op-
erative theatre (preoperative). Second, within the first
postoperative hour, but at least 15 min after the patients’
arrival to the postanaesthetic room or to the ICU to
allow a phase for stabilization (postoperative 1h). The
third scan was performed 24 to 25h after the second
one (postoperative 24 h).

Lung ultrasound scores were calculated using a classi-
fication system optimized for perioperative settings de-
scribed previously by Monastesse et al. [26]. A-profile
was scored as 0 points, B-profile with more than 2 well-
spaced lines/interspace or coalescent B-profile were reg-
istered as 1 or 2 points, respectively. For severe atelec-
tasis with diameters exceeding 1 x 2cm, 3 points were
recorded. Small subpleural consolidations with clear
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pleural line were considered with 1, those multiple con-
solidations separated by an irregular pleural line with 2
points. The sum of these were calculated as lung ultra-
sound score (LUS) from 0 to 36. Typical ultrasono-
graphic images for each profile are represented on Fig. 1.
LUS calculation was done by the ultrasonographer, and
a second observer validated it offline. In case of discrep-
ancy, a third observer chose the final value from the
available scores. At the defined postoperative time-
points, absolute LUS and ALUS compared to the pre-
operative value were calculated. For picture archiving,
we used a dedicated USB storage, LUS values were not
provided to the attending staff members. When clinical
conditions made a LU otherwise necessary (e.g. for rul-
ing out pneumothorax) in the timeframe of a LU sched-
uled for study purposes, the focused data were provided
and documented to patient records, while LUS values
remained blinded.

Anaesthesia protocol

Our institutional standards were followed. Preoperative
epidural catheter insertion was performed in the operation
theatre where appropriate. General anaesthesia was in-
duced by administration of 1-2 pg/kg fentanyl and 1.5-2
mg/kg propofol at the discretion of the anaesthetist.
Neuromuscular blockade for the endotracheal intubation
was provided by either rocuronium or cis-atracurium se-
lected upon the age and comorbid state. General anaes-
thesia was maintained with sevoflurane. For intraoperative
ventilation, the tidal volume was set to 6—-8 ml/kg based
on ideal body weight, a respiratory rate was chosen to as-
sure end-tidal CO, of 35+ 3 mmHg, the FiO, was 04.
PEEP was 5 cm of water. Episodes of intraoperative desat-
uration (SpO,<95% or >3% decrease from initial) were
managed as follows: the position of endotracheal tube was
controlled by auscultation where appropriate, recruitment
manoeuvre of manual inflation to at least 30 cm of water
for 30s was used, and PEEP was increased by 2 cmH,0,
the additional increase of FiO, was optional. Patients were
awakened either in the operating room or in the intensive
care. Residual neuromuscular blockade was reversed by
0.03 mg/kg neostigmine and 0.5 mg atropine if needed,
based on clinical criteria or TOF values. Criteria for extu-
bation on ICU followed our institutional routine involving
normothermia (>36°C), adequate cooperation, and a
favourable response to a spontaneous breathing trial of 30
min on PEEP of 5 cmH,O plus pressure support of a max-
imum of 10 cmH,0.

Follow up for PPCs

The follow-up period for PPCs lasted 7 days postopera-
tively or until hospital discharge (the earlier completed).
The check for PPCs was done by investigators unaware
of LUS values and was based on patient records. No
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Fig. 1 Typical ultrasound patterns with different scores in parentheses. a: A-profile (0 point); b: typical B-profile (1 point). B-lines marked with white
arrows; ¢: small subpleural consolidation (black arrowhead) with clear pleural line (1 point); d: confluent B-profile (2 points); e: multiple subpleural
consolidations (white arrowheads) and irregular pleural line (2 points); f: consolidated lung with aerobronchograms (3 points)

extra diagnostic or treatment activities were initiated by
the investigators. The definitions included those of
Canet et al. [2] including clinical and/or radiographic
criteria: respiratory infection, respiratory failure, atelec-
tasis, pleural effusion, bronchospasm, pneumothorax,
and aspiration pneumonitis. Of note, screening was not
limited to plain chest X-rays; all available medical im-
aging records were checked, and we added pulmonary
oedema defined by presence of rales and tachypnoea
with the need and suitable response to diuretics. The
criteria of respiratory failure (PaO, <60 mmHg and/or
SpO;3 <90% on room air and/or PaO,/FiO, < 300 mmHg
necessitating at least oxygen therapy) were extended by
adding unplanned reintubation, need for non-invasive
ventilation, or the inability to extubate a mechanically
ventilated patient after 24 h. At the first verified PPC, we
terminated the follow-up. Reoperation during the obser-
vation time resulted in exclusion, except in the cases
where a case-definition of PPC was reached earlier. A
PPC+ and a PPC- group were formed.

Statistical analysis

Sample size

To calculate the sample size of the study, the abso-
lute postoperative LUS was the variable of interest.
We assumed that a minimum difference of 3 points
was considered as clinically important, and that in
combination with a standard deviation of 3 points
were used for the calculations. This SD value resulted
from a pilot study on 20 patients not involved in the
study. A type one error of 0.05 and a required power
of 0.80 were set. As unequal study groups were esti-
mated with an approximate ratio of PPC+/ PPC- pa-
tients at 1 to 4, we used corrected sample sizes [30].
A minimum of 65 patients were required based on

the conditions detailed above. To maintain adequate
power in cases of loss for follow up or methodo-
logical failure, an additional 15% was screened, and a
total of 76 patients were planned.

Statistical analysis

Data were pooled for analysis in Microsoft Excel for Of-
fice 365, for the statistical analysis, we used StatsDirect
3.1.20 Statistical Software (Stats Direct Ltd., Grantche-
ster, Cambridge, UK) following the same principles as in
our previous works [31]. Continuous variables are pre-
sented as the meanststandard deviation if they were
normally distributed as tested by the Shapiro-Wilk W
test. Non-normally distributed data are shown as the
medians and interquartile ranges. Student’s two-sample
t-test and the Mann-Whitney U test were used for com-
parisons as appropriate. Categorical variables are shown
as percentages and absolute numbers of cases. The x>
and Fisher exact test were used for contingency table
analysis as appropriate. Variables with plausible impact
on PPC risk (age, ASA class, BMI, congestive heart fail-
ure, COPD, diabetes, ongoing infection, smoking status,
ARISCAT Score, SpO,, haemoglobin, creatinine levels,
operative fluid balance, operation time, upper quadrant
involvement, laparoscopy, LUS at O h, 1st and 24th post-
operative hour) were all considered as candidates and
were entered into a forward stepwise logistic regression
model building approach to identify independent predic-
tors in the study population (p for enter < 0.1, for exit >
0.1). Before model building, variance inflation factor
(VIF) was calculated to estimate multicollinearity for
each candidate continuous predictor. A predictor of
VIF > 5 was considered as an indicator of serious collin-
earity and was excluded from further analysis. For these
analyses, we used Dell Statistica 13.2 (Dell Inc., Tulsa,
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Oklahoma, USA). Odds ratios (ORs) and 95% confidence
intervals (CI95%) were calculated. The Hosmer and
Lemeshow statistic was used to assess model fit. For in-
ternal validation, a bootstrap method was used with 200
computer-generated samples. Two-sided p-values are
shown, and the limit of statistical significance was set to
p <0.05. The diagnostic value of postoperative LUS was
evaluated by calculating the sensitivity, specificity, and
positive and negative predictive values at an optimal cut-
off determined by the receiver operating characteristics
(ROC) curve. The area under the plotted curve (AUC)
was estimated by Wilcoxon’s method, and the standard
error was calculated according to the method by
DeLong. A bootstrap validation was performed for the
confidence interval of the AUC as well.

Results

A total of 76 patients were enrolled. We had to exclude 9
previously eligible patients. Three of them were reoper-
ated in the observation period, 2 withdrew consent, in 2
cases the follow-up scans were interfered by poor postop-
erative visualisation conditions, in 2 cases, the surgical
plan was changed to a procedure not eligible for inclusion
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(in 1 case, previously unplanned thoracotomy was indi-
cated because of surgical reason, in another case, an early
near-fatal cardiac arrhythmia prevented further extension
of the procedure). Finally, 67 subjects were available for
analysis. Eighteen patients were assigned to the PPC+
group, 49 were evaluated in the PPC- population. Study
flowchart is shown as Fig. 2.

The baseline characteristics of the PPC+ and PPC- groups
are provided in Table 2. Most conditions were similarly rep-
resented in both groups, none of the potential predictors
were significantly different. Patients conforming to ASA 3
class were significantly more represented in the PPC+ group.

Operational data and characteristics available postop-
eratively are described in Table 3. Values of ARISCAT
scores were significantly higher among PPC+ partici-
pants, otherwise, we did not detect important intergroup
differences. Identified PPCs are provided in Table 4. The
median time of onset of the PPCs was 2 days (IQR 1-3),
8 patients fulfilled PPC criteria on postoperative day 1.

LUS
LUS kinetics are depicted on Fig. 3. No initial difference
was present in terms of preoperative LUS values: the

Recruited:
76 surgical patients

A

Preoperative
Lung ultrasound:
76 patients

Operative plan

A

Postoperative 1 h
Lung ultrasound:
74 patients

changed to non
eligible: 2 exclusions

Poor visualisation: 2

A

Postoperative 24 h
Lung ultrasound:
70 patients

Withdrawn consent: 2
Total excluded: 4

Reoperated during

Y

observation period: 3

67 patients avaliable exclusions
for analysis
PPC+ group: PPC- group:
18 patients 49 patients

Fig. 2 Study flowchart with reasons of exclusion in different stages
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Table 2 Baseline characteristics of the patients by group

Variable PPC+ PPC- p value
N=18 N=49
Age, years 684+102 664+96 04829
Male, N (%) 11(61.1)  26(53.1) 05570
ASA 3, N (%) 12 (66.7) 13 (26.5)  0.0026
BMI, kg/m? 264+46 265+55 09736
COPD, N (%) 5(27.8) 5(10.2) 0.1175
Hypertension, N (%) 11 (61.1) 33 (67.4) 0.6337
Congestive heart failure, N (%) 5(27.8) 6(12.2) 0.1494
Diabetes, N (%) 2(11.1) 10 204) 04903
Smoker, N (%) 2(11.1) 5(10.2) 1.0000
Active extrapulmonary infection, N (%) 3 (16.7) 6(12.2) 0.6926
SpO, on ambient air, %, median (IQR) 97 (91-94) 98 (92-96) 0.2588
Haemoglobin, g/dI 124+£25 130+19 02892

862+312 742+183 0.1408

ASA American Society of Anaesthesiology, BMI Body Mass Index, COPD Chronic
Pulmonary Disease, IQR interquartile range, SpO, peripheral haemoglobin
oxygen saturation

Creatinine, pmol/I

median LUS at 0 h was 1.5 (IQR 1-2) and 1 (IQR 0-2;
p =0.4625) in the PPC+ and PPC- groups, respectively.
In the first postoperative hour, both groups had a
marked increase, resulting in scores of 6.5 (IQR 3-9)
and 5 (IQR 3-7). The value tended to be higher in the
PPC+ group, but this difference was not significant (p =
0.1925). Median ALUS at this timepoint was +5 (IQR
2-7) and + 3 (IQR 2-5), (p = 0.1765) respectively. When
we compared the 24th postoperative hour’s LUS values,
the persistently high scores in the PPC+ group (median
6; IQR 6-10) were significantly higher than those ob-
served at PPC- participants (median 3; IQR 2-4; p<
0.0001). PPC+ patients had a median ALUS of +5 as
median (IQR 4-6) while PPC- subjects showed a close
to complete remission with + 2 (IQR 1-3; p < 0.0001).

Diagnostic performance of the 24th hour’s LUS are
plotted for ROC on Fig. 4. The area under the curve was
0.8963 (CI95% 0.8253-0.9672). The bootstrap validation
resulted a CI95% of 0.8158-0.9569. The optimal cut-off
value was identified at LUS =5. At this level, the sensi-
tivity was 0.9444 (CI95% 0.7271-0.9986) with 0.7755
specificity (CI95% 0.6338-0.8823). Positive and negative
predictive values were calculated as 0.6071 (CI95%
0.4058-0.7850) and 0.9744 (CI95% 0.8652—0.9994), re-
spectively. This resulted in the likelihood ratio being
equal to 4.2071 (CI95% 2.9704—5.9586).

Multivariate analysis

Calculation of the variance inflation factors (VIF)
showed that important collinearity was not found among
continuous predictors: mean VIF was 1.8497, for individ-
ual VIFs, see Supplementary Table 1 in Additional file 2.
There was no need for exclusion in this stage. In forward
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stepwise model building creatinine, LUS at 1 h and at 24
h were retained. Variables retained by the final model
are reported in Table 5 with ORs. LUS at 1 h was not
significantly associated with PPCs with an OR of 0.7232.
By contrast, 24th postoperative hour’s LUS was verified
to be an independent and significant risk factor for
PPCs, having an OR of 2.6448. In our internal bootstrap
validation the confidence intervals (CI95%) of the ORs
were similar. Goodness of fit assessed by Hosmer Leme-
show had a p = 0.7804 suggesting good calibration.

Discussion

The main objective of our study was to evaluate the
value of lung ultrasonographic variables in a 24-h time-
frame predicting PPCs. Our results confirmed that the
concept of a quantitative lung-ultrasound-based scoring
system is a valuable tool with high sensitivity and good
specificity not only in the detection of full-born PPCs,
but also for the identification of early phases of develop-
ing complications or patients at risk.

Lung ultrasound was proven to be valuable in screen-
ing for postoperative pulmonary pathologies after car-
diac surgery with superiority compared to chest X-rays
[15]. The quantitative evaluation of the lung deaeration
is feasible in perioperative settings [26]. Therefore, the
potential inclusion of this modality in a prediction model
is an attractive option. Choosing a relatively rough end-
point for their study, a French centre reported that pa-
tients postoperatively admitted to ICU needed more fre-
quently postoperative ventilatory support, and had a
lower PaO,/FiO, ratio if their LUS was at least 10 imme-
diately after admission [32]. In a recent study, the
authors reported that among non-ICU postoperative pa-
tients, LUS can be a predictor of not only respiratory
failure, but other PPCs as well. According to their re-
sults, higher postoperative LUS was typical in patients
who developed PPCs [33]. PPC incidence in these re-
ports (19-35%) was close to our observations (26.9%),
slightly higher in an ICU population with ventilatory
support. Of note, both study used the so-called original
scoring system slightly different from ours, originated at
Monastesse et al’s modifications [26], as they did not
score the small subpleural consolidations, which — to-
gether with the atelectatic areas in the proximity of the
diaphragm — are proven to be important factors of peri-
operative loss of aeration [34]. At this point, we
emphasize that our study is novel by means of introdu-
cing the protocol-based 24-h postoperative ultrasono-
graphic follow-up. High LUS levels (12; IQR 7-18)
suggested to be predictive for respiratory complications
in previous reports were less frequent in our study, pos-
sibly due to the exclusion of thoracotomy patients and
to the lower number of laparoscopic procedures [33]. In
our study population, a transient increase in LUS at the
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Table 3 Postoperative characteristics of the patients by group
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Variable PPC+ PPC- p value
N=18 N=49

Operation time, min, median (IQR) 190 (120-266) 123 (86-177) 0.0619
Surgeries with upper quadrant involvement, N (%) 14 (77.8) 35 (71.4) 0.7597

Upper gastrointestinal tract, N 4 9

Pancreatic-biliary, N 7 16

Liver resection, N 3 7

Other, N 0 3
Surgeries limited to lower quadrants, N (%) 4(222) 14 (28.6)

Colorectal, N 3 12

Other, N 1 2
Laparoscopy, N (%) 1 (5.56) 8 (16.3) 04258
Epidural catheter, N (%) 6 (33.3) 17 (34.7) 1.0000
Intravenous fluid, ml/kg/h, median (IQR) 10.7 (7.6-16.1) 109 (7.9-15.6) 0.9052
Estimated fluid balance, ml/kg, median (IQR) 224 (13.1-287) 19.1 (13-0-28.7) 0.1925
ARISCAT score 38+12 25+13 0.0006

ARISCAT Assess Respiratory Risk in Surgical Patients in Catalonia risk score, QR interquartile range

earlier postoperative checkpoint did not increase risk of
PPCs, but persistently elevated scores over 24 h identi-
fied a group of patients who are at significantly higher
risk with high specificity and sensitivity. As more than a
half of our patients in the PPC+ group did not complete
any conventional PPC case definition at the time of the
last LU, we underline the dual potential of our screening
protocol in both the early detection and in the predic-
tion of respiratory complications in the postoperative
period.

The performance of LUS at 24 h after surgery as a pre-
diction tool is worthwhile even in the light of previous
models of the assessment of risk of PPCs. The area
under the ROC curve in our study was 0.896 reflecting a
strong prediction ability. This characteristic is similar to
those reported in available risk stratification models vali-
dated in previous studies observing large populations [7,
10]. In an earlier paper, McAlister et al. reported an
AUC of 0.875 for their model, which identified age, dur-
ation of anaesthesia, positive cough test, and nasogastric
tubes to be independent predictors of PPCs [10]. Further
excellent risk stratification models are currently avail-
able. For instance, the ARISCAT score uses seven easily

Table 4 Type and frequency of detected PPCs

Type of PPC N (%)

Respiratory failure 5(27.8)
Pulmonary congestion 2011
Pleural effusion (with or without atelectasis) 7 (38.9)
Bronchospasm 2(11.1)
Respiratory tract infection 2011

PPC Postoperative pulmonary complications

accessible factors, and it was able to perform an area
under the ROC curve of 0.90 [2]. This model was simi-
larly effective in detecting high risk patients for respira-
tory failure [35] allowing anaesthesiologists to plan
postoperative HDU/ICU admissions. However, this risk
score was significantly higher in our PPC+ group, but
did not qualify as an independent risk factor in our
multivariate analysis, probably due to our inclusion cri-
teria (especially the recruitment of patients undergoing
procedures expected to be longer than 120 min), result-
ing both of our patient groups to have intermediate (>
25 points by definition) or high scores. Our LUS-based
protocol can add further data and a decision point at 24
h after surgery for specific interventions, physiotherapy,
and/or prolonged high dependency care. Of note, in our
multivariate model, apart from LUS, preoperative cre-
atinine level was also a mild risk factor, a finding hard to
interpret in our study not focusing to the topic, while
both PPC+ and PPC- groups had means in the normal
range. Possible limited ability to empty extra fluid post-
operatively can contribute to putting some patients at
increased risk [36].

Our study has limitations. Our results cannot repre-
sent all our patients, as we had to limit our activity for
definite study days. For a protocol potentially feasible to
be used in everyday practice, we decided to avoid trans-
ducer changes, and a single linear probe was preferred;
convex probes were only selected in case of poor visual-
isation especially at obese patients. This choice has also
validation and allowed for our good imaging of the
pleura [15, 24] but it could reduce our ability to detect
some artefacts. For the same purpose, longitudinal scan-
ning was chosen and ‘bat sign’ was our desired view.
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J

Even though more artefacts can be detected by transver-
sal scanning with the whole footprint of a linear probe
[18], this classical approach helped us not to create such
a cumbersome protocol. Additionally, our scanning
method examining 12 definite areas helped but did not
completely ensure that repeated scans always insonate
the same anatomical lung area, but this seemed to be
feasible for frequent use. Excluding patients from ana-
lysis can always be perceived as a source of some bias,
but repeated surgery could easily interfere with our
protocol. LUS is prone to interobserver variability. For

1.0

0.8]

Sensitivity
o
)

o
&

0.2

02 04 06 08 1.0
1-Specificity

Fig. 4 ROC curve of postoperative 24th hour lung ultrasound scores

in the prediction of PPCs

addressing this issue, we emphasize the importance of
adequate training and the potential involvement of off-
line validation [28, 37]. Computer-aided measurement of
B-lines and the percentage of the pleural line affected
with these artefacts is reported to be a reproducible
method with fast data analysis and showed a good cor-
relation with the measured extravascular lung water or
pulmonary capillary wedge pressure irrespective of venti-
lator settings [24, 38]. As our LUS method is optimized
for perioperative use and relies equally on the assess-
ment of even small consolidations, careful implementa-
tion of these algorithms is sought, but these promising
tools are probably ahead of validation in this context
and the automatization will be possible. The prevalence
of poor postoperative visualization conditions completely
preventing imaging was low in our population, but it
may prevent the generalizability of our findings in pro-
foundly different settings.

The optimal cut-off value from ROC analysis is prob-
ably specific to the study population, and also to the
function of postoperative care. But the phenomenon of
persistently high LUS at 24 h can focus attention on pa-
tients with increased risk of PPCs in a potentially revers-
ible phase. Further studies should be initiated to identify
optimal cut-offs for different postoperative populations.

Conclusion

Persistently high postoperative lung aeration score at 24 h
identify patients at risk of or in an early phase of postoper-
ative pulmonary complications. Further investigation
could implement these findings into the individualization
of postoperative high-dependency care of these patients.
We underline that LUS should be widely used and
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Table 5 Odds Ratios of predictors for PPCs retained in the multivariate analysis

Variable OR Cl95% Bootstrap validated CI95% p value
Creatinine 1.0350 1.0022-1.0688 0.9957-1.0966 0.0364
LUSat Th 0.7232 0.4934-1.0599 04458-1.1629 0.0966
LUS at 24 h 26448 1.5555-4.4971 1.9341-4.2005 0.0003

LUS Lung Ultrasound Score, PPCs Postoperative Pulmonary Complications

important efforts should be made for adequate training to
have a valid, reproducible method in everyday use.
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