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Abstract

ABSTRACT Background: Increased extravascular lung water (EVLW) induced by systemic inflammatory response under
cardiopulmonary bypass (CPB) and diaphragmatic dysfunction due to phrenic nerve injury during cardiac surgery leads to
weaning failure from mechanical ventilation (MV) in pediatric patients undergoing cardiac surgery. We hypothesized that
ultrasound measurement of EVLW shown by B-lines and diaphragm function in the form of thickening and excursion will be
able to predict weaning failure defined as reintubation within 48 hours of endotracheal extubation in such patients. Methods:
Fifty patients aged (1 month to 18 years) undergoing congenital cardiac surgeries were enrolled in the study. The ultrasound
measurement of B-line of lung, diaphragm excursion (DE) and diaphragm thickness (DT) were done preoperatively, on pressure
support ventilation (PSV) during weaning from mechanical ventilation (MV) and 4 hours after extubation. Results: 7 out of
50 patients had weaning failure. The patients with weaning failure (group 1, n=7) were younger, with median age of 1 year
(0.25-7) compared to those who tolerated weaning (group 2, n=43), median age of 3 years (0.25-17), p=0.040. The B-line score
in group 1 increased from a preoperative score of 0 to post-extubation period score of 2, the score being significantly higher
than the patients of group 2 (p=0.024). The left diaphragm thickening fraction of <17.15% predicted weaning failure with a
sensitivity of 85%, specificity of 51.4%, (AUC ROC 0.75, p= 0.032). Conclusion: LUS cannot predict weaning failure. The

diaphragmatic thickening fraction <17.15% was found to be a predictor of weaning failure in our patients.
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INTRODUCTION

Weaning failure, defined as reintubation within 24-48 hours of extubation, has an incidence of 10% in
postoperative pediatric cardiac surgical patients. 2 The children undergoing cardiac surgery commonly
develop pulmonary interstitial edema in the form of extravascular lung water (EVLW) collection as a result
of inflammation mediated endothelial injury due to cardiopulmonary bypass (CPB) leading to prolonged
mechanical ventilation (MV) . 3 The incidence in mortality has been upto 31% in critically ill children
with non-cardiac acute respiratory failure presenting with excess EVLW of >10 ml/kg. ¢ In addition to



this, the inadvertent injury caused to the phrenic nerve during surgical manipulation, cold ice slush used in
the pericardial cradle may cause diaphragmatic palsy (DP). 3 The incidence of DP after cardiac surgery
is 0.3-12.8%. 7 It may present with postoperative respiratory distress, atelectasis, recurrent pneumonia or
difficulty to wean from mechanical ventilation.®

Commonly used weaning indices are maximum inspiratory pressure, rapid shallow breathing index (RSBI),
tracheal airway occlusion pressure at 0.1s, CROP index and leak test which can be performed to assess
the extubation readiness . However, these indices are influenced by the combined functions of diaphragm,
intercostal muscles, abdominal muscles and the compliance of the rib cage. Serial chest X-rays are routinely
used to assess the post operative EVLW. 8 However, CXRs may be inaccurate when supine radiographs
are used. The progressive elevation of hemi-diaphragm visualized on CXR suggest diaphragm palsy but the
cumulative radiation dose given to the child will be very high.®'3 Fluoroscopy guided Sniff test, phrenic
nerve conduction study and trans-diaphragmatic pressure movements are used for the assessment of the
diaphragm but they are invasive procedures, have high radiation exposure, not easily available in all centers
and involve transport of patient from ICU to the concern department for the investigation. '3

EVLW and diaphragm function can be easily measured and quantified at the post-operative bedside by
ultrasonography by the Intensivists.'*'” This has a very small learning curve, can be followed in real time.
However, the data on the feasibility and utility of B-lines and Diaphragm excursion and thickness measure-
ments in post-operative pediatric patients is sparse. 18

In this study, we hypothesized that the severity of lung interstitial edema (EVLW) as shown by B-lines
and diaphragm dysfunction measured by ultrasound, can be used as predictors of weaning failure from
mechanical ventilation in pediatric patients undergoing cardiac surgery. The primary aim of our study was
to observe the correlation between weaning failure, which we defined as re-intubation within 24-48 hours of
extubation and ultrasonic assessment of EVLW and Diaphragm function in pediatric patients on MV after
cardiac surgery and secondarily to observe correlation between weaning failure and other indices of weaning
from mechanical ventilation , PaO2/Fio2 (PF ratio )ratio, rapid shallow breathing index,(RSBI) duration of
mechanical ventilation and use of non-invasive ventilation and length of intensive care unit stay.

1. METHODS
2. Informed Consent

This prospective observational study was carried out after institute’s internal ethics committee clearance
(INT/IEC/2016/2540) and CTRI registration (CTRI/2018/02/011677). Written informed consent were
taken from parents or legal guardians of the patients.

2.2 Subjects

Patients aged 1 month to 18 years undergoing cardiac surgery under CPB were enrolled in the study. The
patients whose parents /legal guardians refused consent, or those with dressing at the ultrasound site were
excluded from the study.

2.3 Ventilatory management

In the postoperative period, all patients were shifted to cardiothoracic surgical intensive care unit for elective
mechanical ventilation (MV). The patients were weaned from MV upon the judgment of the attending
intensivist. The patients were brought to the minimum pressure support ventilation support (5/5) of CPAP
and pressure support ventilation (PSV) and then extubated according to our institute’s protocol of observing
the PF ratio>250, RSBI< 150. Our ultrasound measurements did not interfere with the planned extubation
or reintubation.

2.4 Lung USG (Figure 1)

The scanning for B-lines was done according to the protocol provided previously by Lichentstein and Targetta
in their studies'® >. We used a 8 or 12 quadrant model depending upon the height of our patients and the
entire thorax was scanned using 7-13 MHz linear probe, Sonosite M-Turbo Platform, (FUJIFILM SonoSite,



Inc, USA) at the mid-clavicular and the mid-axillary lines, as shown in the figures 1,2. 2! The B-lines
were semi quantified and given a score using the LUS scoring scale.??

2.5 Diaphragm USG (Figure 2)

The 3-5 MHz curvilinear probe was placed at the right and left subcostal areas at the anterior axillary lines
and directed medially and cranially. The M-mode was used to assess the diaphragm excursion and thickness.
The amplitude of excursion of the diaphragm was measured on the vertical axis as the distance between
the baseline to the maximum height of inspiration and expiration on the M-mode tracing?® .The maximum
thickness of diaphragm during inspiration (I) and expiration (E) was also measured.

2.6 Statistical Analysis

The normality of quantitative data was checked by Kolmogorov Smirnov test. The data presentation was
done as mean and standard deviation; median and inter-quartile range. The parametric data was analyzed
using Student t-test. Non- parametric data was analyzed using Mann-Whitney test. The comparison of
time related variables was done using Repeated Measures ANOVA. Correlation between the variables was
calculated using Spearman’s correlation. The patients were divided into two groups- group 1: reintubation
and group 2 : non-reintubation and the two groups were compared. The receiver operating characteristic
(ROCQ) curves were drawn to find maximal cut-off values that could predict weaning failure. All statistical
tests were two-sided and p-value [?]0.05 was considered as significant. Analysis was conducted using SPSS
for Windows (version 22.0; SPSS Inc., Chicago, IL, USA)

RESULTS
3.1 Demographic characteristics (Table 1)

50 patients were enrolled into our study, out of which 7 children were reintubated within 48 hours of extu-
bation (group 1). The patients in group 1 were younger in age compared to group 2, median age 1 (0.25-7)
year vs 3(0.25-17) years; p=0.040, and an age less than 1.5 years correlated with weaning failure with a
sensitivity of 71% and specificity of 68%. The study groups were comparable with respect to their sex, basal
metabolic index (BMI), surgical procedures performed, minimum intraoperative temperature, CPB and aor-
tic cross clamp times fluid balance at the end of CPB and before extubation in ICU and echocardiographic
parameters. The MV duration was significantly prolonged in-group 1 (23.50 hours vs. 13 hours, p=0.019)
and had more frequent use of non — invasive ventilation (NIV) (42.8% vs. 7%, p=0.029). The total ICU stay
days was significantly longer in-group 1 (9 days vs 3 days, p = 0.02).

3.2 Lung ultrasound scores (LUS) (Figure 3)

In both the groups the LUS score increased from baseline to PSV and but continued to be increased into
post-extubation period in group 1(score 1 vs 2; p-value 0.024); whereas they decreased in-group 2 in the
post-extubation period (score 1 vs 1). There was no significant difference between the LUS scores between
the two groups at the three time points. Similarly , the total number of B-lines increased from baseline
to PSV in both the groups , but after extubation decreased significantly in group-2 (B lines 12 vs 9), but
continued to increase in group-1(B lines 9 vs 19).

3.3 Diaphragm ultrasound characteristics (Table2, 3)

The diaphragm excursion (DE) decreased from baseline to the PS period and recovered quickly after extu-
bation even though the values continued to remain lower than the baseline in both the groups. The two
groups did not show any significant difference between the diaphragm excursions or in the thickness. The
left diaphragm thickening fraction (DTF) was significantly reduced in group 1 as compared to group 2(13.71
% vs 25.26 %, p=0.035) during PSV.

3.4 Predictors of prolonged mechanical ventilation duration and weaning failure (Figure 4, 5,
6)



Age < 1.5 years can predict weaning failure with a sensitivity of 71% and specificity of 68%. The LUS scores
and DE did not have any significant correlation with weaning failure or mechanical ventilation duration
and ICU stay days. We found the baseline right diaphragm thickness value of < 24 mm could predict MV
duration of > 13 hours with (70 % sensitivity and 70% specificity) and AUC of 0.68, p=0.026.. The left
diaphragm thickening fraction on PSV with a cut-off value of 17.15% was found as a predictor for the weaning
failure (sensitivity 85%, specificity 49%, AUC ROC 0.75, p= 0.032).

DISCUSSION

In this observational study we tried to identify the bedside ultrasonic predictors of weaning failure from me-
chanical ventilation in pediatric patients who underwent cardiac surgery under cardiopulmonary bypass. The

pulmonary complications of CPB can be manifested by the presence of B-lines and diaphragm dysfunction.
24-29

We found the median LUS score to increase from baseline to PSV (post operatively) in concurrence with the
previous literatures?!?2:2941 The significant elevation of the scores in the postextubation period in group 1
may be the reason for the weaning failure, whereas in the group 2 the scores remained the same postextuba-
tion. However, we did not find any correlation between LUS scores and the events of weaning failure. This
can be attributed to the fact that the post cardiac surgery lung edema is of multifactorial origin. %% The
similar intraoperative management with a negative fluid balance after CPB and before extubation (table 1)
and cardiac functions maybe the reason for the similar lung profiles for both the groups. The cardiogenic
pulmonary edema did not contribute significantly to the LUS scores of our patients, and the LVEF and E/¢’
did not differ between the two groups of patients. The fluid balance measured before extubation corelated
significantly with MV duration (r? =0.471, p=0.001) and ICU stay days (1> =0.297, p=0.038), suggesting
the patients with negative fluid balance have favorable outcomes.

We could establish the relevance of TDF value of less than 17.15 % (sensitivity of 85%) of the left side
diaphragm during the PSV in predicting the weaning failure .The diaphragm contributes to 75% of respiratory
effort in children, as evidenced by a DTF less than 17.15% with increased rates of reintubation. The DTF
less than 17%- 21 % during SBT in children have been shown to be associated with extubation failure.
42 This study was conducted in medical ICU patients with longer times of intubation prior to giving an
extubation trial , which could have resulted in greater diaphragm remodeling as compared to our subset of
patients who were intubated for a short duration. These studies measured the diaphragm only on the right
side which was easier to visualize. In our study, we found significant changes of the diaphragm on the left
side only. This could be due to the fact that there is frequent handling of the phrenic nerve on the left side.

The diaphragm atrophy rate is 3.4% per day in children.*3 There was a decrease of thickness values during
the pressure support mode of ventilation in our patients. There are no defined reference values of normal
diaphragm thickness in children, so we used the pre-operative baseline values as our reference. These values
were lower than the values measured by Glau et al of 2cm (1.8-2.5) measured in children with acute respiratory
failure , as our patients were critically ill cardiac patients who might have had compensated respiratory
problems prior to surgery.

The diaphragm excursion is decreased after mechanical ventilation even four hours after extubation (group
1 :p-value -0.022;group 2 : p-value -0.00), suggesting the detrimental effects of neuromuscular blockers and
mandatory ventilation on diaphragm functions. However, the diaphragm excursion has limited predictive
ability for weaning outcomes.?? 4042 The excursion may be influenced by the pressure provided by the
ventilator leading to a similar degree of excursion despite significantly different levels of muscle efforts ,
whereas thickness is influenced only by active contraction.

The DE and TDI have been used to assess the feasibility of extubation during SBT in the adult patients on
prolonged mechanical ventilation; however its suitability to be used during the weaning process in pediatric
patients after cardiac surgery has not been clearly established. 3!-3

CONCLUSION



LUS scores cannot predict weaning failure whereas diaphragmatic thickening fraction during SBT <17.15%
was found to be a predictor of weaning failure in pediatric post cardiac surgical patients.

Our study was limited by the fact that we had a short time course and we did not follow the patients in the
post extubation period beyond 4 hours in non-reintubated patients. Our study had heterogeneous patient
population undergoing variety of procedures having very different surgical procedures and their effect on
the kids. So the cut —off values may not be applied generalized to all pediatric patients. We had a small
sample size, which could have made the significant results appear non-significant. We did not evaluate the
concurrent effects of lung compliance on the extubation outcomes. We did not evaluate EVLW or diaphragm
dysfunction by other known methods like Trans diaphragmatic pressure movements, Fluoroscopy, Phrenic
nerve conduction studies. In future, the study can be expanded to the learning of the long-term effects of
CPB on mechanical ventilation. The study can be extended onto non-CPB surgery patients.
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The test resull variable{s): RT BASE EXP THICKNESS has al least one tie between the
positive actual stale group and the negalive actual state group. Statistics may be

biased.

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5
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Sensitivity

ROC Curve
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Diagonal segments are procaced by fies
Area Under the Curve
Test Result Variable(s): It ps thickeing %
Asymptotic 95% Confidence Interval
Area Std. Error® Asymptotic Sig.” Lower Bound Upper Bound
.753 .086 .035 .584 .921

The test result variable(s): It ps thickeing % has at least one tie between the positive
actual state group and the negative actual state group. Statistics may be biased.
a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5
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