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ABBREVATIONS

CXR : Chest X-ray

CUS : Chest ultrasound

US : Ultrasound

CT: Computed Tomography

ACR : American college of Radiology

AP : Antero-posterior

EVLW : Extra vascular lung water

PE: Pericardial effusion

PI : Principle investigator

PACS : Picture archiving and communication system
ETT : Endotracheal tube

PPV : Positive Predictive Value

NPV : Negative Predictive Value

TTE : Transthoracic Ecocardiography

ICU : Intensive care unit

ACHD : Acyanotic congenital heart disease

CCHD : Cyanotic congenital heart disease

POD : Post operative day
BLUE: Bedside Lung Ultrasound in Emergency

RUSH: Rapid Ultrasound in SHock
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INTRODUCTION



Traditionally, chest imaging in post operative cardiac surgical patients, is
performed using bedside chest radiography (CXR). It is considered as standard of care to
evaluate intra-thoracic structures including heart, lung, mediastinum and their
abnormalities. CXR also evaluates position of chest tubes, mediastinal tubes, central

venous lines, pulmonary artery catheters, endotracheal tubes and enteral feeding tube [1].

Respiratory complication is one of the major causes of morbidity and death in
cardiac post operative patients in adult and pediatric population. Whenever there is a
suspicion of intra thoracic pathology, including improper position of tubes and catheters,
the need for repeated bedside CXR and thus subsequent unavoidable radiation exposure
is inevitable. Other factors leading to the need for repetition of bedside CXR are
suboptimal X-ray films, improper positioning of patient and poor correlation with CT

scan [2].

Each bed side CXR exposes a patient to 0.02 milli-sieverts of radiation [3].
Though it looks invariably small, repeated CXRs exposes patient to increasing amounts
of radiation. Paediatric age group especially neonates , have greater areas of exposure,
due to small body surface area and are thus sensitive to hazardous effects of ionizing
radiation. The threat of developing immune dysfunction, cataract, cognitive decline and
malignancy in later part of life is a possibility [4]. Therefore, effort should be made to

minimize radiation exposure whenever possible [5].

Chest ultrasound (CUS) is a fast, repeatable and radiation free methodology.



It is simple to use and requires a limited period of training [6]. It allows for bedside
detection of primary pulmonary pathologies [7] such as pleural effusion, pneumothorax,
lung atelectasis, or secondary pulmonary pathologies due to cardiac causes (interstitial
pulmonary oedema, basal atelectasis) and conditions such as diaphragmatic palsy,
subcutaneous emphysema, pericardial effusion, cardiac tamponade and endobronchial
intubation [8]. Examination can be done alone or in combination with echocardiography

and intravascular volume assessment, thus reducing cost and time.

Diaphragmatic dysfunction, due to phrenic nerve injury, is a complication in
postoperative cardiac surgery patients, with an incidence between 0.3% - 20% [9]. Most
phrenic nerve injuries are due to transient neuroapraxia of the nerve, secondary to
traction, local application of cold solutions, or accidental injury [10]. Rarely, it is caused
by direct transection of the phrenic nerve. Diaphragmatic dysfunction impedes normal
lung expansion during inspiration [9] and weaning from mechanical ventilation becomes
difficult. It is associated with prolonged ventilatory support, intensive care stay, increased

risk of nosocomial infections, and an overall morbidity and death [11].

Chest fluoroscopy is the gold standard for diagnosis of diaphragmatic
dysfunction. But it is associated with shifting of critically ill children to radiology suite
and exposure to higher ionizing radiation. Other modalities include phrenic nerve
conduction studies and CUS. CUS being a rapid and easily available technique at the

bedside, allows for early diagnosis of abnormal diaphragmatic motion [12].



The use of CUS in the post operative adult cardiac patients is gaining popularity
[6]. However, there is little data available concerning the use of CUS in the post
operative cardiac pediatric and neonatal populations [13]. To address the above issue, we
intend to study the degree of agreement between CUS and CXR; to compare the
diagnostic performance of bedside chest ultrasound (CUS) with bedside chest
radiography (CXR), for the detection of abnormalities of thorax including abnormal
diaphragmatic motion, in postoperative pediatric cardiac surgical patients. We also intend
to compare the therapeutic interventions done on basis of CUS and CXR derived

information in the postoperative setting.



REVIEW OF LITERATURE



Pulmonary complications in post operative congenital cardiac patients, represents
a significant cause of morbidity, and mortality [14]. Cardiopulmonary bypass and
surgery, induces inflammatory response and is responsible for postoperative pulmonary
dysfunction [15]. This inflammatory response is more relevant in children, where other
factors contributing to pulmonary dysfunction may coexist, such as pulmonary
hypertension and diaphragmatic palsy [16]. This leads to prolonged mechanical
ventilation, hospital stay and repeated examinations leading to high costs [17].
Pulmonary dysfunction may be due to primary pulmonary pathology (pleural effusion,
pneumothorax, atelectasis, pneumonia) or secondary due to cardiac causes (interstitial
edema, systolic or diastolic dysfunction, basal atelectasis) and conditions such as

diaphragmatic palsy and subcutaneous emphysema [14, 17].

Although CT chest is the gold standard for thoracic imaging, it is expensive and
cannot be performed on a routine basis, as transportation of critically ill patients to the
radiology suite is cumbersome and radiation exposure carries a considerable risk [18].
Conventionally, chest imaging in post operative cardiac patients is performed using
bedside CXR. It is the standard of care to evaluate intra-thoracic structures including
heart, lung, mediastinum and their abnormalities [1, 19]. CXR also evaluates the position
of chest tubes, mediastinal tubes, central venous lines, pulmonary artery catheters,

endotracheal tubes and enteral feeding tube [1].

The American College of Radiology (ACR) recommends routine daily chest

radiographs for mechanically ventilated patients and use of additional CXRs if necessary



[20]. Routine CXRs theoretically has the advantage of discovering and treating
potentially life-threatening situations that might otherwise be missed. Additional CXRs
are needed when there is a suspicion of intra thoracic pathologies or after placement of an
endotracheal tube, central venous catheter, Swan-Ganz catheter, life supporting
intervention, or change in clinical condition of patients [21]. Another factor leading to the
need for repetition of bedside CXR are suboptimal X-ray films, improper positioning of
patient and poor correlation with CT scan. Inspite of carefully controlled exposure

conditions, more than 30% of the X-ray films are considered suboptimal [2].

Excessive repetition of X-Ray examinations has been criticized [22]. According
to Picano E et al, each CXR exposes a patient to 0.02 milli-sieverts of radiation [3]. The
Commission of European Communities (ECs) has recommended a maximum dose of 80
UGy for chest radiographs in neonates [23] .Paediatric age group especially neonates, are
sensitive to the deleterious effects of radiation due to small body surface area. The risk of
developing radiation induced complications including malignancy & genetic damage in
later part of life is a possibility [4]. Restrictive CXR strategy must be the norm and must

be used only when clinical situation demands it.

Sonography is based on the principle that, ultrasound waves are reflected by an
interface between media with different acoustic impedances [24]. For many years, the
lung was believed to be unsuitable for examination by ultrasound [25]. In normally
aerated lungs, when the ultrasound waves meet air, no image is visible due to the absence

of the acoustic mismatch. The beam stops when it reaches the lung or any gas filled



structure [26]. In adults, the bones of the thoracic cage limit the use of lung ultrasound as
the attenuating effect of bone is greater than other tissues [24]. Waves reaching bone are
completely reflected back to the transducer. The chests of infant and children have

unossified costal cartilages and sternum which provide suitable acoustic window [27].

Ultrasonography of lung is based on the production of artifacts. An ultrasound
artifact is the incorrect interpretation of the returning signal by the ultrasound machine
[28]. It is now recognized that ultrasonography is highly sensitive to variations in the
pulmonary content of fluid and balance between air and fluid [26]. In 1989, Francois
Jardin made chest ultrasound an integral part of care in critically ill patients. It was only
in 2009 that the American College of Chest Physicians and La Société de Réanimation de
Langue Francaise in France jointly proposed chest ultrasound as a standard of care for

critically ill patients [29].

Recent studies have shown that the sensitivity and specificity of the chest
ultrasonogram is comparable to a CT scan of the chest [30, 31]. Since a decade, point-of-
care ultrasonography (POCUS) is used for adult patients to detect pulmonary, pleural and
diaphragmatic pathologies. It can now safely be extrapolated to the paediatric group for

the diagnosis of intra thoracic pathologies.

BLUE PROTOCOL

Lichenstein et al suggested the BLUE (Bedside Lung Ultrasound in Emergency)



protocol in adults, to study the lung systematically by ultrasonography. A total of 9

profiles were described and it aids to arrive at a reasonable respiratory diagnosis [32].

NORMAL LUNG

On ultrasonography, normal pleura is seen as a smooth echogenic line (parietal
pleura), with a hypo-echoic line (visceral pleura) below it. Characteristic of normal
findings includes lung sliding, A-line and comet-tail artefacts [33]. Lung sliding is the
rhythmic movement of the visceral pleura relative to the fixed parietal pleura, which is
separated by a thin layer of intra-pleural fluid [34]. A-lines are a result of reverberation
artefacts which appear as bright white, hyper echoic, semi-circular repeating horizontal
lines which are found deep to the pleural line generated by air within the lungs. They are
separated by regular intervals, the distances of which being equal that between the skin
and the pleural line. They do no move with respiration [35]. Comet-tail artefacts are
formed by the reverberation echoes, arising due to the irregularity of the lung surface
which move with respiration. They have a sensitivity of 100% and a specificity of 60%

for normal lung [34] .

PLEURAL EFFUSION

Lichtenstein D et al [36] reported that portable CUS has a higher accuracy in
detecting pleural effusion in comparison with bedside CXR (93% vs. 47%). Keeping CT
thorax as a gold standard,, Xirouchaki N et al [31] showed that CXR had a sensitivity of

65%, specificity of 81% and diagnostic accuracy of 69% where as CUS had a sensitivity



of 100%, specificity of 100% and a diagnostic accuracy of 100% in detection of pleural
effusion. In a meta-analysis done by Yousefifard M et al [37], it was found that the
sensitivity and specificity of CUS in detection of pleural effusion was 94% (p<0.001) and
98% (p<0.001) respectively, as compared to 51% (p<0.001) and 91% (p<0.001)

respectively for CXR.

Blunting of the costo-phrenic angle in adults, takes place when there is a
minimum of 150-200 ml of fluid [38]. In lateral chest radiographs, as little of 50 ml can
be picked up. However, with CUS, as little as 20 ml can be detected [39]. Balik et al [40],
suggested a simple formula to calculate the volume of pleural effusion in adult patients.
Volume of pleural effusion V (ml) =20 x sep (mm), where sep is the maximum
separation of visceral and parietal pleura by effusion in transverse section of thorax by

ultrasound.

Ultrasound in an effusion shows a dark anechoic space above the diaphragm with
absence of the mirror artifact. The parietal pleural line is fixed whereas the visceral
pleural line, along with lung moves with each respiratory cycle. This is seen as sinusoidal

waveform on M mode and is the sonographic sign of pleural effusion [32].

In case of a transudative effusion, it is usually anechoic and homogenous because
the fluid contains no ultrasound reflectors. An exudative is characterised by complex,
echogenic, septate effusions with particles within the fluid. Homogeneous echogenic

effusions are usually hemorrhagic effusions or empyema [41].



PNEUMOTHORAX

Kirkpatrick AW et al [42] reported that in trauma patients, keeping CT as the gold
standard, CUS had higher sensitivity than CXR (48.8 % vs. 20.9%) and a similar
specificity (99.6% vs. 98.7%) for the detection of pneumothorax. Ball CG [43] reported
that up to 76% of occult pneumothoraxes were missed by initial antero-posterior (AP)

CXR study of trauma patients.

Keeping CT as the gold standard, Lichtenstein DA [44] showed that in ICU
setting ultrasound has a sensitivity of 95.3% and specificity of 91.1% in picking up a
pneumothorax. Balesa J [45] showed that the sensitivity and specificity of chest
ultrasound were 89% and 88.5% respectively for the detection of pneumothorax when
compared with CT thorax. In a study for pneumothorax detection after lung biopsy,
Sartori S et al [46] showed that ultrasonography has 100% sensitivity, specificity,
positive predictive value (PPV) and negative predictive (NPV) value when compared to

CXR, which had 87.5% sensitivity, 100% specificity, 100% PPV, and 99.6% NPV.

A meta — analysis carried out by Ding W et al [47] which included 20 articles,
showed that the pooled sensitivity and specificity were 0.88 and 0.99 for chest
ultrasonography and 0.52 and 1.00 respectively for CXR for the detection of
pneumothorax. There was no significant difference in the sensitivity and specificity when
the ultrasonogram was carried out by a clinician other than a radiologist. Meta analysis
conducted by S. Alraajab et al [48] also showed similar results. A systematic review by

Azad et al [49] suggested the addition of lung ultrasonography to diagnose pneumothorax



in critical care settings.

The cardinal feature of a normal lung is the presence of lung sliding. B-lines are
discrete, reverberation artefacts that arise from the visceral pleura and are seen in normal
lung. They extend to the bottom of the screen and move with lung sliding [50]. In M-
mode, a normal lung will show two different appearances — stationary linear repeating
lines closer to the pleural line, with an irregular choppy appearance deeper to the pleural

line signifying lung. This is known as the seashore sign [51].

The hallmark signs of a pneumothorax are absence of lung sliding, absence of B-
lines, absence of lung pulse and presence of the lung point [52]. The M- mode is also
used to confirm the presence of a pneumothorax. M-mode shows only linear repeating
lines, with the absence of the irregular choppy appearance of the lung. This is known as

the stratosphere or barcode sign [53].

The lung point sign is specific for detection of a pneumothorax. It is seen in an
incomplete pneumothorax when the air between the layers of pleura abuts the normal
pleura. Therefore, in the same field, there will be absence of lung sliding in one area with
normal lung sliding and comet tail artefacts in the other. The presence of lung point has a
specificity of 100% to detect a pneumothorax. However, the sensitivity is only 66% [54].
In a supine patient, location of lung point at mid axillary line indicates 15% lung collapse
(small pneumothorax) and lateral progression of lung point in serial lung ultrasound

indicates increasing pneumothorax volume [55].
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CONSOLIDATION

Consolidation is a pulmonary pathology which converts aerated lung to a tissue
like echo texture. Pagano A et al [56] showed that the sensitivity and specificity of
ultrasonogram was much higher than CXR (98.5% vs. 73.5%) and (64.9% vs. 59.5%) in
detection of consolidation. Keeping CT as a gold standard Liu X et al [57] found that the
sensitivity, specificity, and accuracy for ultrasonography and CXR for diagnosing
consolidation were 94.6% versus 77.7% (p<0.001), 98.5% versus 94.0% (p=0.940) and
96.1% versus 83.8% (p<0.001) respectively. Keeping CT as a gold standard, a study by
Nazerian P [58] showed similar results in detection of consolidation by ultrasound. In a
meta-analysis done by Chavez MA [59] from 10 articles concluded that for ultrasound
pooled sensitivity and specificity were 94% and 96% respectively in detection of

consolidation.

A consolidated lung exhibits a liver like echo texture on ultrasound. Air and fluid
bronchograms can be seen within consolidated lung. Air bronchograms are dynamic and
echogenic foci that fluctuate with the respiratory cycle. Fluid bronchograms on the other

hand are seen as anechoic tubular structures which represent fluid filled airways [60].

Alveolar consolidations have dynamic bronchograms which signifies pneumonia,
in contrast to atelectasis which has static bronchograms. This finding on ultrasound was
found to have a specificity of 94%, sensitivity of 61% and a PPV of 97% [61]. CUS also
useful to follow up lung recruitment by using positive end expiratory pressure in

consolidated lung [62]
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ALVEOLAR INTERSTITIAL EDEMA

A condition which arises due to leakage of fluid into the pulmonary interstitium
and alveolar spaces resulting in impaired gas exchange [63].

Agricola E et al [28] conducted a study on the accuracy of ultrasonogram to
diagnose pulmonary edema and compared it with CXR, wedge pressure and extravascular
lung water (EVLW). They found significant positive linear correlations between
ultrasonogram and wedge pressure. Zhou S et al [64] reported that ultrasonogram showed
a sensitivity of 80.60%, specificity of 77.60%, PPV of 65.80% and NPV of 88.20% in the
diagnosis of pulmonary edema as compared to CXR which showed a sensitivity of
74.20%, specificity of 69.00%, PPV of 56.10% and NPV of 83.30% in the diagnosis of
pulmonary edema. In a meta- analysis of 7 articles for pulmonary edema, by Al Deeb M
et al [65], showed chest ultrasound having sensitivity of 94.1% and specificity of 92.4%

for detection of pulmonary edema.

Sonographic signs of interstitial fluid are seen as B-lines on lung ultrasound.
These are vertical hyper echoic artifacts formed secondary to reflection of the waves at
the interlobular septa. Lichtenstein D [66] described B lines by seven criteria to
distinguish from other artifacts such as Z-lines and E-lines. B lines 1) always arises from
the pleural line, 2) moves with lung sliding 3) is long and reaches edge of the screen 4)
has a comet tail artifact 5) is well defined and laser like 6) obliterates A-lines 7) is hyper
echoic like the pleural line. Z-lines are shorter artifacts that are seen at the pleural
interface and do not reach the edge of the screen. E-lines are very similar to B-lines but

arise above the pleural line indicating subcutaneous emphysema.[35]

12



Ultrasound is useful for the diagnosis of pulmonary edema with a sensitivity and
specificity of 97% and 95%, respectively [66]. The presence of three or more B —lines in
each of two or more lung regions bilaterally indicates interstitial syndrome [35]. Other
findings that contribute to a diagnosis of pulmonary edema is the presence of pleural

effusion, distension of inferior vena cava and poor cardiac contractility.

Increased B- lines can be due to diffuse parenchymal disease or interstitial edema.
In interstitial edema, B-lines are homogenous (regularly spaced). In diffuse parenchymal
lung disease, B-lines are non homogenous (irregularly spaced) and associated with

pleural line abnormality and sub pleural pathology [52].

Lung rocket is used to describe three or more B-lines between two ribs. They
correlate with interstitial syndrome with 100% accuracy when compared to CT [66].
Number of B-lines correlate with volume of extra vascular lung water (EVLW). B-lines

are decreased when EVLW is removed by hemodialysis [67].

DIAPHRAGMATIC DYSFUNCTION

The diaphragm is the main muscle of inspiration and is responsible for 75% of
normal breathing effort in pediatric age group [68]. Diaphragm dysfunction indicates
either paresis or paralysis. Diaphragmatic dysfunction, due to phrenic nerve injury, in
paediatric cardiac surgery patients, has an incidence between 0.3% - 20% [9]. Most
phrenic nerve injuries are due to transient neuroapraxia of the nerve, secondary to

traction, local application of cold solutions, or accidental injury [10]. Rarely, it is caused

13



by direct transection of the phrenic nerve. Unilateral diaphragm dysfunction
compromises pulmonary function by about 25% [68]. Diaphragmatic dysfunction
impedes weaning from mechanical ventilation and is associated with prolonged

ventilatory support and ICU stay [12] .

Diagnosis of diaphragmatic dysfunction is based on a high index of suspicion.
Paralysis may be suspected by an elevated hemidiaphragm on CXR. Its confirmation
requires dynamic assessment of diaphragm mobility. Different imaging modalities [22],
including ultrasound, electromyography, nuclear magnetic resonance or video-
fluoroscopy can be used for study of diaphragm mobility, of which chest fluoroscopy is
considered to be the gold standard [69]. Chest ultrasound being readily available at

bedside, allows for early diagnosis of abnormal diaphragmatic motion [12].

Noh K Dong [70] reported that in asymptomatic adults, ultrasonography and
fluoroscopy was equally effective in detecting diaphragmatic movements. A study by
Taggu A [71], predicted successful extubation in adult patients, by using bedside
ultrasound measurement of diaphragm thickness, just before extubation. They concluded
that ultrasound can be used as a tool for assessment for weaning failure from mechanical
ventilation. Kim WY et.al [72], reported that vertical excursion of diaphragm less than
1.0 cm, using ultrasound caused failed weaning and prolonged ventilation in adult
patients. Sarwal et al [73] using ultrasound reported that diaphragmatic excursion of less
than 1.4 cms for right hemidiaphragm and less than 1.2cm for left hemidiaphragm caused

weaning failure in adult patients
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Epelman et al [74] studied post operative cardiac patients aged from 3 days to 17
years and proposed a protocol for the evaluation of diaphragmatic mobility by ultrasound.
Initially both hemidiaphragms were imaged by placing the transducer in an oblique
transverse subxiphoid plane in the midline and in each subcostal region where both
hemidiaphragms are imaged separately in the coronal plane. The movement of each
hemidiaphragm is evaluated using M-mode. In assisted mechanical ventilated patients,
the ventilator should be temporarily disconnected for a correct evaluation of

diaphragmatic motion.

Urvoas et al. [75] using ultrasound classified diaphragm mobility in children as:
normal, paresis (decreased or weakness), or paralysis (absent motion or paradoxical
motion). Normal motion is defined as mobility towards the transducer in inspiration; the
excursion od diaphragm is >4 mm and the difference of excursion between the
hemidiaphragms is <50%. Decreased motion is defined as excursion of diaphragm <4
mm and the difference of amplitude between the hemidiaphragms is >50%. Absent
motion is defined as trace showing a flat line. Paradoxical motion is defined as

diaphragmatic motion away from the transducer during inspiration.

ENDOBRONCHIAL INTUBATION

Inadvertent endobronchial intubation can be as high as 30% for pediatric
population and 7% for the neonatal population [76]. Unrecognized endobronchial
intubation increases the risk of hypoxia and barotrauma [77]. Chun R et al [78] confirmed

with ultrasound that successful intubation with an ETT has occurred using either the

15



sliding lung sign or by diaphragmatic motion along the lateral chest wall. Sim SS et al
[79] reported that, during emergency intubation, using ultrasound , absence of lung
sliding in one hemi thorax diagnosed endobronchial intubation of opposite bronchus with
a PPV of 94.7% and an accuracy of 88.7%. They concluded that ultrasound had a
considerable time and advantage over chest X-ray in emergency settings. Hsieh KS [80]
reported that paradoxical motion of diaphragm on one side served as a secondary sign of

endobronchial intubation using chest ultrasound.

PERICARDIAL EFFUSION

The incidence of Pericardial Effusion (PE) was reported to be 10%—13.6% after
congenital cardiac surgeries [81]. PE causes hemodynamic compromise and contributes
to postoperative morbidity and mortality. PE commonly occurs more after Fontan and
Ross procedure [81]. Ultrasound can quickly rule out pericardial effusion or can aid in
pericardiocentesis in presence of cardiac tamponade in post operative period. Erkut O et
al [6] compared the diagnostic efficacy of ultra sound and CXR for pericardial effusion in
60 neonates after cardiac surgery. They concluded that ultrasound was better than X-ray
for the diagnosis of pericardial effusion. Only 16% of the cases with PE could be

diagnosed by CXR.
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AIM OF THE STUDY



1)

2)

1)

AIMS AND OBJECTIVES

Primary Objectives

To study the degree of agreement between bedside chest ultrasound (CUS) and bedside

chest radiography (CXR) in post operative paediatric cardiac surgical patients.

To compare the diagnostic performance of bedside chest ultrasound (CUS) with bedside
chest radiography (CXR) in form of sensitivity, specificity, positive predictive valve
(PPV) and negative predictive value (NPV) for the detection of various pathologies of the
lung such as pneumothorax, pleural effusion, interstitial syndrome, atelectasis,
consolidation and other abnormalities in thorax including pericardial effusion and

abnormal diaphragmatic motion.

Secondary Objectives

To compare the interventions done on basis of CUS and CXR derived information
including endotracheal tube & central venous catheter repositioning, chest tube
placement for pleural effusion and pneumothorax, lung recruitment for atelectasis,
pericardial drainage for pericardial effusion, need for intravenous fluid or diuretic

administration in the postoperative setting.
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MATERIAL AND METHODS



Study Design:

Prospective, observational study.

Setting:
SCTIMST, a tertiary referral center and university level hospital, annually performing

700 paediatric cardiac surgeries.

Approval from Institutional Ethics Committee:

Our study was approved by the Technical Advisory Committee (TAC) and Institutional
Ethics Committee (IEC) of SCTIMST. TAC registration number was SCT-/S/2018/740

& IEC registration number was SCT/IEC/1223/JUNE-2018.

Participants:

Children who got admitted in post operative Pediatric Cardio-Thoracic Intensive Care
Unit after surgery from May 2018 to June 2019.
Informed consent:

Informed written consent was obtained from the patient’s parents/relatives. Patient
parents/ relatives were educated about the study protocol. An informed assent was also

obtained from participants above 12 yrs of age

Study groups:

Chest ultrasound (CUS) and chest x ray (CXR) was studied and compared in same group

of patients.
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Sample size:

Based on previous study by Ariza et al [82], considering an agreement between chest
X-ray and chest ultrasound for pneumothorax (Kappa value k=0.7) and for a power of
90% , confidence interval of 95% and alpha error of 0.05, a minimum of 147 patients
were required to be studied. We included a sample size of 160 patients in our study.

Statistical analysis was done with SPSS software, IBM, version 25.

Inclusion criteria:
1. Children who undergo elective cardiothoracic and vascular surgery.

2. Age group: 1 month to 18 yrs

Exclusion criteria: Patients with:

1. Open sternum.
2. Hemodynamic instability

3. Emergency surgery

4. Refusal of consent

STUDY PROTOCOL

On the day before surgery, patient’s parents/relatives were educated about the

study and informed consent/assent was obtained.

Soon after shifting the patient to pediatric cardio thoracic ICU following surgery,
bed side CXR was done, followed by CUS examination by the principal investigator (PI).

CXR was interpreted by the surgical colleague in the ICU. The PI was blinded to the
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findings of CXR and the surgeon was blinded to the findings of CUS. A provisional
diagnosis was made and the intervention required was decided after each modality of
diagnosis. The entire procedure was repeated next day morning. The findings and
intervention planned after CUS and CXR was compared and analyzed statistically. The

data was kept by the PI. The patient details were kept confidential.

BEDSIDE CHEST X-RAY (CXR) PROTOCOL

With the patient in semi-recumbent position, an antero-posterior CXR is taken
using portable X -ray machine (SIEMENS, multimobil, Goa, India). For optimal
imaging, technical factors recommended by the ACR were followed [83]. The source to
image distance (SID) was adjusted above 40 inches. The CXR images were archived in
Picture Archiving and Communication System (PACS). The image was interpreted by the

surgical colleague who was blinded to the diagnosis made using CUS.

The recommendation of Nomenclature Committee of Fleischner Society was used
for the diagnosis of pleural effusion, pneumothorax, consolidation, atelectasis, interstitial
edema, mediastinal widening [84]. Diaphragmatic weakness was indicated by abnormal
elevation of hemi-diaphragm in relation to that of the opposite side. Position of
endotracheal tube (ETT) tip above the carina was considered as normal. Position of the
ETT tip in any bronchus was considered endobronchial intubation. Mediastinal widening
was indicated by increased cardio-thoracic ratio in comparison to that of the previous

CXR. Report of CXR was recorded in a proforma.

CHEST ULTRASOUND PROTOCOL
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Chest Ultrasound was done with the patient in semi recumbent position. We used
a linear probe with frequency range of 6-12MHz (Esaote Mylab one, Ginova, Italy) for
studying pleura and lung (Fig.1) and a convex probe with a frequency of 3-8 MHz

(Philips, IE33 S8-3, Bothwel , USA) (Fig.2) for studying pericardial effusion.

Egg

T ——

Figure 1 - Esaote my lab one linear probe Figure 2- Philips, IE33 S8-3 probe (3-8 MHz)
(6-12 MHz)

Each hemithorax was divided into 6 sections using 3 longitudinal lines
(parasternal, anterior axillary and posterior axillary) and 2 axial lines, one above the
diaphragm and another one just above the nipples. Thus each hemithorax is divided into 3
areas: anterior area between sternum and anterior axillary line, lateral area between
anterior and posterior axillary line and posterior area between the posterior axillary line
and the spine. Each hemithorax was studied by placing the probe perpendicular to the
ribs. The examination sequence in each hemithorax was followed as: (1) anterior, (2)
lateral and (3) posterior regions starting from the diaphragm and moving toward the apex
[85] (Fig.3). For insonating posterior thorax, the patient was rolled over to semi-lateral

decubitus position.
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In both mechanically ventilated and spontaneously breathing patients,
diaphragmatic excursion was studied in anterior subcostal region and mid axillary region.
In the anterior subcostal region, the diaphragm was studied by placing the transducer
probe perpendicular to the chest wall, with the probe marker directed to 12 O’clock. In
the mid-axillary area the probe was positioned in the eighth or ninth intercostals space
and the marker directed to 12 O’ clock. (68). Transthoracic ECHO was done to look for

any pericardial effusion.

Figure 3--- Division of each hemithorax into 6 regions and position of US probe

Each region was examined for the bat sign (Fig.4), lung sliding, A lines (Fig.5), Sea
shore sign (Fig.6), B-lines, sinusoidal sign, quad sign, bar code sign, lung point, tissue

like echo texture of lungs, lung pulse and dynamic or static air bronchogram.
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Figure 4 -BAT SIGN of normal lung

Figure 6 — M mode of normal lung sliding showing sea shore sign
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The following chest pathologies were diagnosed as per international evidence

based recommendation for point of care lung ultrasound [52].

PNEUMOTHORAX

Pneumothorax was diagnosed based on presence of:

1) Absent Lung sliding sign

2) Absent B-line

3) Presence of Lung point (Fig.8)

4) Presence of Barcode sign in M-mode (Fig.7)

Lung point may or may not be seen in pneumothorax. There will be absence of lung
sliding in one area with normal lung sliding in other area. Lung point is sensitive for a

small pneumothorax. In large pneumothorax lung point may be absent.

Figure 7 - M-mode showing barcode sign of pneumothorax
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Figure 8 - M-mode in Pneumothorax showing Lung point

PLEURAL EFFUSION

Pleural effusion is detected as anechoic space between parietal and visceral
pleura, due to presence of fluid. With rib shadow on either side, along with the anechoic
space forms the quad sign of pleural effusion (Fig. 9 & 10). The respiratory movement of

visceral pleura in the free pleural fluid produces sinusoidal sign. (Fig. 11)

’ 4
¥
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Effusion
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Figure 9 - Right Pleural effusion

25



Figure 11 — Sinusoid sign of pleural effusion

INTERSTITIAL EDEMA

Interstitial edema (Fig.12) was diagnosed by the presence of more than 3 B-lines in each
lung region with at least two lung regions positive in each hemi-thorax. Therapeutic

intervention (diuretics) was done when interstitial edema was diagnosed in patients.
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(a) (b) (c)

Figure 12- Increasing number of B-lines associated with increasing extra vascular
lung water. (a) Single B line (b) interstitial edema (c) pulmonary edema

LUNG CONSOLIDATION/ATELECTASIS

Consolidation / atelectasis of lung was diagnosed by the presence of shred sign
(Fig. 13) or tissue like echo-texture (Fig.14). Dynamic air bronchogram is used to
differentiate consolidation from atelectasis. It consists of air filled hyper-echoic
bronchioles moving centrifugally with respiration and is seen in consolidation
(pneumonia). In atelectasis, dynamic air bronchogram sign is absent (static air

bronchogram). Lung recruitment manoeuvres were used if atelectasis was diagnosed.
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Figure 13 — Shred sign of lung consolidation

Figure 14 — Tissue like sign of lung consolidation

LUNG ULTRASOUND-GUIDED RECRUITMENT MANEUVER

Recruitment maneuver was performed after ultrasound examination detected
atelectasis [86]. Under ultrasound guidance, in pressure controlled ventilation, 5-cm H20

stepwise increase in pressure was applied from baseline pressures, until no atelectatic

28



lung areas were visible on the ultrasound. Each level of positive airway pressure was
applied for 5 sec. The maximum airway pressure was limited to 40 cm H2O. After
completion of recruitment maneuver, the pre-recruitment ventilator setting was

established.

PERICARDIAL EFFUSION

Transthoracic echocardiogram (TTE) was used to rule out pericardial effusion in
post operative period. Multiple TTE views were used for grading the degree of
pericardial effusion when present. TTE was also used to know the contractility and

volume status of heart.

ENDOBRONCHIAL INTUBATION

Absence of lung sliding with the presence of lung pulse on M mode in one
hemithorax (Fig.15), in mechanically ventilated patients was considered as endobronchial
intubation of the opposite side bronchus. Paradoxical or absent movement of hemi-
diaphragm on same side was taken as a secondary sign of endobronchial intubation.
Atelectasis of one lung is also seen when there is an endobronchial intubation of opposite

side bronchus.
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Figure 15 — Lung pulse sign on M mode

DIAPHRAGM WEAKNESS/PALSY

In a spontaneously breathing intubated patient, muscular diaphragm was insonated, by
anterior subcostal and mid axillary line approach. The longitudinal excursion of
diaphragm was noted on both sides. Excursion of < 4mm for both hemi diaphragms and
difference in the amplitude of movement between both hemi-diaphragms of >50% was

considered to result in weaning failure [75].

30



STATISTICAL ANALYSIS



Statistical analysis was done using SPSS software (IBM, SPSS Statistics, version
25). Agreement between CXR and CUS in detecting pathological findings was done
using Kappa statistics [87]. Diagnostic performance of bedside chest ultrasound was
compared with bedside chest radiography (CXR) using sensitivity, specificity, positive
predictive valve (PPV) and negative predictive value (NPV) [88]. P value was derived

using McNemar test for paired data. P value < 0.05 was considered as statistically

significant.
Kappa value Degree of Agreement
0 Less chance for agreement
0.01 — 0.20 Slight agreement
0.21 - 0.40 Fair agreement
0.41 —0.60 Moderate agreement
0.61 —0.80 Substantial agreement
0.81 -0.99 Almost perfect agreement
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OBSERVATIONS



A total of 160 congenital heart disease patients, who underwent open heart
surgery, had been studied. The data was collected, tabulated, analyzed and the following

observations were made.

Demographic Data of Study Population

Sex Distribution:

Among the study population of 160 patients (N), 92 were males (57%) and 68 (43%)

were females. (Fig.16)

Sex distribution of study population

H Male=92

® Female = 68

N =160

Figure 16 - Sex distribution of study population
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AGE DISTRIBUTION OF STUDY POPULATION

Age group Number of patients
(days-d/ months-m/ years-yrs) n (%)
1m - 5m 29d 8 (5%)
6m - 11m 29d 19 (11.8%)
lyr - Syrs 11m 29d 70 (43.75%)
6yrs - 10yrs 11m 29d 33 (20.6%)
11 yrs - 15yrs 11m 29d 24 (15%)
16 yrs - 18 yrs 6 (3%)

Table 1 - Age distribution of study population

Age distribution of study population

100

No. of patients

6yr-10yr 11yr-15yr  16yr-18yr
11m 29d 11m 29d 11m 29d

1m-5m29d 6m-11m29d 1lyr-Syr

Age of patients

Figure 17 - Age distribution of study population
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SURGICAL DETAILS OF STUDY POPULATION

Surgery Number of patients n(%)
ASD closure 30 (18.75%)
Wardens repair 10 (6.25%)
VSD closure 34 (21.25%)
PDA interruption 1 (0.6%)
CoA repair 2 (1.2%)
TOF repair 29 (18.1%)
Fontan repair 5@(3.1%)
PA banding 1 (0.6%)
Bi-directional Glenn 15 (9.3%)
AVSD repair 6 (3.7%)
ASO 1 (0.6%)
Ebsteins repair 1(0.6%)
DORY repair 6 (3.7%)
ICR others 11 (6.8%)
Others 8 (5%)

Table 2 - Surgical details of study population

Among the study population of 160 patients, number of patients diagnosed as
Acynanotic congenital heart disease (ACHD) was 85 (53.1%) as opposed to Cyanotic

congenital heart disease (CCHD) of 75 (46.8%) [Fig.18].
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Diagnosis of study population

_  mACHD=8S
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Figure 18 - Diagnosis of study population as ACHD and CCHD

ACHD included Ostium Secondum Atrial Septal Defect (OS-ASD) closure,
Wardens repair for Sinous Venosus Atrial Septal Defect (SV-ASD), Ventricular Septal
Defect (VSD) closure, Patent Ductus Arteriosus (PDA) interruption, Coarctation of Aorta
(CoA) repair, Pulmonary Artery (PA) Banding for multiple VSD and Others which
included Anomalous Left Main Coronary Artery arising from Pulmonary Artery
(ALCAPA) repair (1), Mitral valve (MV) repair (2), Aorto Pulmonary (AP) window
repair (1), Right ventricle outflow tract obstruction (RVOTO) resection (1), Vascular ring

division (1), Ross-Kono procedure (1).

CCHD included Tetralogy of Fallot (TOF) repair, Fontan repair, Bi-directional
Glenn (BDG), Atrio-ventricular sepatl defect (AVSD) repair, Arterial switch operation
(ASO), Double outlet right ventricle (DORV) repair, Ebsteins repair and Others which

included root translocation (1), Redo Intra cardiac repair (ICR) with Pulmonary valve



replacement (PVR) (1), ICR for Pulmonary atresia with ventricular septal defect (PA-

VSD) (6), redo ICR (3), Kawashima operation (1).

SURGICAL DETAILS OF STUDY POPULATION

29

15

44
11

8

i

5 6 6

No. of patients
3

Type of surgery
W ASD closure(30) B Wardens repair(10) ®VSD closure(34) B PDA interruption(1)
B CoA repair(2)  TOF repair(29) B Fontan repair(5) B PA banding(1)
= BDG(15) H AVSD repair(6) mASO(1) 1 Ebstein repair(1)
DORYV repair(6) ICR other(11) B Others(8)

Figure 19 - Surgical details of study population
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Among 320 CXR studies, 223 (69.6%) were normal. Surgeon detected
abnormalities in 97 (30.3%) CXR studies. Among the CUS studies 192 (60%) revealed
no abnormalities and 128 (40%) studies showed abnormal findings. CUS and CXR
findings agreed on 189 (58.1%) studies as normal. 94 (29.3%) studies of both modalities
agreed on same abnormal findings. 34 studies diagnosed as abnormal by CUS was
reported normal by CXR, while 3 studies diagnosed as abnormal by CXR was reported

normal by CUS.

Table 3- COMPARISION OF NORMAL AND ABNORMAL STUDIES

DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
Abnormal | Normal of Study
(m) (+) (m) (-) (n)
Abnormal
CHEST | () (+) 94 34 128
ULTRA-
SOUND
Normal 3 189 192
(m) ()
Total no. of Study(n) 97 223 320

n= number of studies

Kappa statistical analysis showed a substantial agreement with Kappa coefficient K=

0.749 (p value < 0.0001). Sensitivity of CUS was 96.9%, specificity 84.75%, PPV 73.4%

37



and NPV of 98.43%.

Table 4 - PERCENTAGE AND TOTAL NUMBER OF STUDIES IN EACH
SUBGROUP DIVIDED ACCORDING TO THE DIAGNOSIS OF CUS AND CXR

FINDINGS IN CXR AND CUS NUMBER OF STUDIES
NORMAL CXR AND CUS 189 (59.06%)
ABNORMAL CXR AND CUS 94 (29.3%)

NORMAL CXR AND ABNORMAL 34 (10.6%)

CuUS

ABNORMAL CXR AND NORMAL 3 (0.93%)

CUS

We analysed the agreement between CUS and CXR; sensitivity, specificity, PPV & NPV

of CUS in immediate postoperative period and post operative period day one.
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IMMEDIATE POST OPERATIVE PERIOD

Table 5 - COMPARISION OF NORMAL AND ABNORMAL STUDIES
DIAGNOSED BY CXR AND CUS IN IMMEDIATE POSTOPERATIVE PERIOD

CHEST X RAY
Total no.
Abnormal Normal of Study
(n) (+) (n) (-) (n)
Abnormal
CHEST | (n) (+) 52 16 68
ULTRA-
SOUND
Normal 1 91 92
(n) (-)
Total no. of Study(n) 53 107 160

n= number of studies

Kappa statistical analysis showed a substantial agreement with Kappa coefficient k =
0.7762 (p=0.0007). Sensitivity of CUS was 98.11%, specificity 85.04%, PPV 76.47%

and NPV of 98.91 %.
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POST OPERATIVE DAY 1

Table 6 - COMPARISION OF NORMAL AND ABNORMAL STUDIES
DIAGNOSED BY CUS AND CXR ON POST OPERATIVE DAY ONE

CHEST X RAY
Total no.
Abnormal | Normal of Study
(m) (+) () () (n)
Abnormal
CHEST (n) (+) 41 17 53
ULTRA-
SOUND
Normal 3 99 102
(m) ()
Total no. of Study(n) 44 116 160

n= number of studies

Kappa statistical analysis showed a substantial agreement with Kappa coefficient k=

0.7147 (p=0.0037). Sensitivity of CUS was 93.18%, specificity 85.34%, PPV 70.68%

and NPV 97.05 %.
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ATELECTASIS

In a total of 37 studies, lung atelectasis was diagnosed by either CUS or CXR or by
both. In 25 studies, lung atelectasis was diagnosed by both CUS and CXR.. In 1 studies
CXR modality diagnosed atelectasis which was not agreed upon by CUS. In another 11
studies, atelectasis was diagnosed by CUS modality, but this was not agreed by findings

in CXR. 283 studies showed no atelectasis by both modalities of diagnosis.

Table 7-COMPARISION OF PRESENCE OR ABSENCE OF
ATELECTASIS AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
Abnormal | Normal of Study
(n) (+) ) () (m)
Abnormal
CHEST | (n) (+) 25 11 36
ULTRA-
SOUND
NOl’mal 1 283 284
(m) ()
Total no. of Study(n) | 26 294 320

n= number of studies

Kappa statistical analysis showed a substantial agreement with Kappa coefficient k=
0.7863 (p=0.0094). Sensitivity of CUS was 96.15%, specificity 96.2%, PPV 69.4% and

NPV 99.6%.
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PLEURAL EFFUSION

In 24 studies, pleural effusion was diagnosed by either CUS or CXR or by both.
In 6 studies, pleural effusion was diagnosed by both CUS and CXR. None of the CXR
modality diagnosed pleural effusion which was not agreed upon by CUS. In another 18
studies, pleural effusion was diagnosed by CUS modality, but this was not agreed by

findings in CXR. 296 studies showed no pleural effusion by both modalities of diagnosis

Table 8 - COMPARISION OF PRESENCE OR ABSENCE OF PLEURAL
EFFUSION AS DIAGNOSED BY CXR AND CUS

CHEST X RAY
Total no.
Abnormal | Normal of Study
(n) (+) (m) () (n)
Abnormal
CHEST | (n) (+) 6 18 24
ULTRA-
SOUND
Normal 0 296 206
(n) (-)
Total no. of Study(n) |6 314 320

n= number of studies

Kappa statistical analysis showed a fair agreement with Kappa coefficient k= 0.3814

(p<0.0001). Sensitivity of CUS was 100%, specificity 94.2%, PPV 25% and NPV of

100%
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INTERSTITIAL EDEMA

In 98 studies, interstitial edema was diagnosed by either CUS or CXR or by both.
In 66 studies, interstitial edema was diagnosed by both CUS and CXR. In 1 study CXR
modality diagnosed interstitial edema which was not agreed upon by CUS. In another 31
studies, interstitial edema was diagnosed by CUS modality, but this was not agreed by
findings in CXR. 222 studies showed no interstitial edema by both modalities of
diagnosis.

Table 9 - COMPARISION OF PRESENCE OR ABSENCE OF INTERSTITIAL
EDEMA AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
Abnormal | Normal of Study
(n) (+) (n) (-) (n)
Abnormal
CHEST | (n) (+) 66 31 97
ULTRA-
SOUND
Normal 1 299 223
(n) (-)
Total no. of Study(n) 67 253 320

n= number of studies

Kappa statistical analysis showed a substantial agreement with Kappa coefficient k=
0.7406 (p<0.0001). Sensitivity of CUS was 98.5%, specificity 87.7%, PPV 68.04% and

NPV 99.55%.
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PNEUMOTHORAX

In a total of 4 studies, pneumothorax was diagnosed by either CUS or CXR or by
both. In 3 studies, pneumothorax was diagnosed by both CUS and CXR.. None of CXR
study diagnosed pneumothorax which was not agreed upon by CUS. In 1 study,
pneumothorax was diagnosed by CUS modality, but this was not agreed by findings in

CXR. 316 studies showed normal study by both modalities of diagnosis.

Table 10 - COMPARISION OF PRESENCE OR ABSENCE OF
PNEUMOTHORAX AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
Abnormal | Normal of Study
(n) (+) (m) (-) (n)
Abnormal
CHEST | (n) (+) 3 1 4
ULTRA-
SOUND
Normal 0 316 316
(m) ()
Total no. of Study(n) 3 317 320

n = number of studies

Kappa statistical analysis showed almost perfect agreement with Kappa coefficient k=

0.8556(p= 1.0). Sensitivity of CUS was 100%, specificity 99.68%, PPV 75% and NPV

100%.
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DIAPHRAGMATIC WEAKNESS OR PALSY

In a total of 4 studies, diaphragmatic weakness in form of elevated diaphragm or
sluggish movement of diaphragm was diagnosed by either CUS or CXR or by both. In 2
studies, diaphragmatic weakness was diagnosed by both CUS and CXR. In 2 studies
CXR modality diagnosed diaphragmatic weakness which was not agreed upon by CUS.

316 studies showed normal study by both modalities of diagnosis.

Table 11 - COMPARISION OF PRESENCE OR ABSENCE OF
DIAPHRAGMATIC WEAKNESS OR PALSY AS DIAGNOSED BY
CUS AND CXR

CHEST X RAY
Total no.
Abnormal | Normal of Study
(m) (+) @) (-) (n)
Abnormal
ULTRA-
SOUND
Normal
) (-) 2 316 318
4 316 320
Total no. of Study(n)

n= number of studies

Kappa statistical analysis showed substantial agreement with Kappa coefficient k=
0.6639 (p=0.4795). Sensitivity of CUS was 50%, specificity 100%, PPV 100% and NPV

99.37%.
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ENDOBRONCHIAL INTUBATION

Right endobronchial intubation was diagnosed by both modalities in a single
immediate post operative study. CXR showed left lung collapse and presence of
endotracheal tube in the right bronchus. CUS showed absence of diaphragmatic
movements on left side and tissue like echogenecity of the collapsed left lung.

Endotracheal tube was later pulled out by 1cms.

PERICARDIAL EFFUSION

No significant pericardial effusion was noted in any patient by both modalities.
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INTERVENTIONS USING CUS AND CXR

In a total of 83 studies, interventions were done on the basis of CUS or CXR or
both. Intervention in the form of recruitment for atelectasis, diuretics for interstitial
edema, low suction through intercostal drain for pneumothorax or intercostal drain
placement for pneumothorax and intercostal drain placement for pleural effusion were
compared. Out of the 83 interventions done, 65 were agreed upon by both CUS and CXR.

17 interventions were done on the basis of CUS. Only 1 intervention was done on basis

of CXR alone. In the remaining 237 studies no intervention was required.

Table 12 - COMPARISION OF INTERVENTIONS AS DIAGNOSED

BY CUS AND CXR
CHEST X RAY
Total no.
Intervention | No . of Study
(n) (+) Intervention (n)
(m) (-
Intervention
(n) (+)
CHEST 65 17 82
ULTRA-
SOUND
No 1 237 238
Intervention
(n) (-)
Total no. of Study(n) 66 254 320

n= number of studies

Kappa statistical analysis showed almost perfect agreement with Kappa coefficient k=

0.842 (p=0.0001)
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LUNG RECRUITMENT USING CUS AND CXR

Out of 37 studies diagnosed as collapse/atelectasis by CUS or CXR or both, only
32 studies underwent lung recruitment intervention. A total of 25 studies were agreed by
both CUS and CXR for lung recruitment. Only 6 recruitment interventions were done on
basis of CUS and 1 study on basis of CXR. Remaining 5 studies didn’t require

intervention.

Table 13- COMPARISION OF LUNG RECRUITMENT FOR ATELECTASIS
AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
f
Lung No o
Recruitment Recruitment Atelectasis
( ) (+) (n) (_) Study (11)
n
Lung
p—— Recruitment 55 p 1
ULTRA- | @ ®)
SOUND
No
Recruitment
(n) (-) 1 5 6
Total no. of Atelectasis 26 11 37
Study(n)

n= number of studies

Kappa statistical analysis showed moderate agreement with Kappa coefficient k= 0.478

(p=0.1306)
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DIURETIC THERAPY USING CUS AND CXR

Out of 98 studies diagnosed as interstitial edema by CUS or CXR or both, only 57
studies underwent diuretic therapy intervention. A total of 46 studies were agreed by both
CUS and CXR for diuretic therapy. Diuretic therapy was given on basis of CUS alone in
11 studies. No intervention was done on basis of CXR alone. In the remaining 41 studies,

no interventions were done.

Table 14- COMPARISION OF DIURETIC THERAPY FOR INTERSTITIAL
EDEMA AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no.
Diuretic No Diuretic Of. .
Th Therapy Interstitial
erapy (n) (-) Edema
() Study (n)
Diuretic
Therapy
CHEST @) 4) 46 1 .
ULTRA-
SOUND
No Diuretic
Therapy
() () 0 i »
Total no. of Interstitial 46 52 98
Edema Study (n)

n= number of studies

Kappa statistical analysis showed substantial agreement with Kappa coefficient k= 0.777

(p= 0.0026)
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INTERVENTION FOR PNEUMOTHORAX USING CUS AND CXR

Pneumothorax was diagnosed in 4 studies by CUS or CXR or both. 3 studies were
agreed upon by both CUS and CXR as having pneumothorax and low suction intervention
was given. In these 3 studies, patients had intercostal drain in situ. In the remaining one

study intercostal drain was placed for right sided pneumothorax.

Table 15- COMPARISION OF LOW SUCTION THERAPY
PNEUMOTHORAX AS DIAGNOSED BY CUS AND CXR

CHEST X RAY
Total no. of
Suction No Suction Pneumothorax
Study (n)
(n) (+) (n) (-)
Suction
n) (+
CHEST ) (+) 3 0 3
ULTRA-
SOUND No Suction
(n) (-)
Total no. of 3 1 4
Pneumothorax Study (n)

n= number of studies

Kappa statistical analysis showed perfect agreement with Kappa coefficient k = 1.0
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INTERVENTION FOR PLEURAL EFFUSION USING CUS AND
CXR

Out of the total 24 studies diagnosed as pleural effusion by CXR or CUS or both,
only 1 study had moderate to severe pleural effusion as agreed by both CUS and CXR for

which intercostal drain was placed.

OTHER INTERVENTION FOR USING CUS AND CXR

Only one study was diagnosed to have right endobronchial intubation and was

agreed by both CUS and CXR for which ET tube was pulled out by 1cms.

The need for repositioning the central venous catheter did not arise, as all central
venous catheters were placed under ultrasound guidance in paediatric patients as per

Institute protocols.
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DISCUSSION



Post operative respiratory dysfunction leads to significant morbidity and
mortality. Although CT thorax is the gold standard for the diagnosis of intra-thoracic
pathologies, bed side CXR is taken as standard reference of care [1] as post operative
cardiac surgical patients with inotropic supports and chest drains cannot be shifted out of
ICU to the radiology suite. As more number of CXR’s become necessary; more radiation
exposure is inevitable. Portable ultrasound (USG) machines are available in most of the
intensive care units. Although literature is available supporting its role in diagnostic and
therapeutic procedures [89] CUS is underutilized in intensive care units. The noninvasive
nature of ultrasound, lack of radiation exposure and quick accessibility makes CUS a

feasible imaging modality for perioperative care.

Many studies are available on comparison of CUS with bedside CXR in the adult
intensive care units. Scanty studies are available for the post operative peadiatric cardiac
surgical patients. Therefore we carried out a prospective observational study to compare
the degree of agreeability and diagnostic performance of CUS with reference to CXR.
Interventions were done according to the combined decision of surgical ICU colleague
and the principle investigator. We hypothesized that CUS can be used as an alternative to
CXR for the purpose of diagnosis of intrathoracic pathologies and monitoring in post

operative cardiac surgical patients.

In our study, among 320 CXR and CUS studies of 160 patients, 30.3 % of CXR
showed abnormalities, while 40% of CUS studies showed abnormalities. 59.06% of CUS

studies and corresponding CXRs were normal. Among 128 CUS studies with
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pathological diagnoses, 94 studies (73.43%) had the same diagnosis as the corresponding
CXRs. Among normal 192 CUS studies, 189 studies (98.43%) had normal CXR findings.
Kappa statistics (degree of agreement) between CXR and CUS in post operative patients
showed substantial agreement k=0.749 (p<0.0001). CUS showed a sensitivity of 96.9%,
specificity 84.75%, PPV 73.4% and NPV 98.43% as compared to CXR. Therefore, CUS

can be used as an effective alternative for CXRs, thereby reducing radiation exposure.

A total of 83(63.35%) interventions were done, out of the 131 abnormal studies
detected using CXR or CUS or both. Only 66 studies were agreed for intervention by
both CXR and CUS; k=0.842, (p= 0.0001). 17 studies were intervened on basis of CUS

findings alone.

We also analyzed the degree of agreement between CXR and CUS in the
immediate postoperative period. Kappa coefficient was 0.7762 (P= 0.0007), indicating
substantial agreement. On the post operative day one, there was substantial agreement

between CXR and CUS findings, and Kappa coefficient was k=0.7147 (p= 0.0037).

For the diagnosis of pleural effusion, CUS showed a fair agreement with CXR
k=0.3814, (p<0.0001). CUS showed a sensitivity of 100%, specificity 94.2%, PPV 25%
and NPV 100% as compared to CXR. Only 5 studies were diagnosed as minimal pleural
effusion by CXR. Minimal pleural effusions which needed no intervention were
diagnosed by CUS in 23 studies. 18 studies of effusion were missed by CXR, probably

because in a supine CXR, only pleural effusion of more than 150 ml can be detected [90].
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Also, bedside CXR has poor accuracy for differentiating mild pleural effusion from
parenchymal disease such as atelectasis [91]. Only 1 study was in agreement by both

CUS and CXR for intervention in form of intercostal drain.

Diagnosis of atelectasis by CXR and CUS showed substantial agreement
k=0.7863, (p< 0.0094). CUS showed a sensitivity of 96.15%, specificity 96.2%, PPV
69.4% and NPV 99.6% as compared to CXR. Both CUS and CXR showed atelectasis in
37 studies. Lung recruitment was done in 32 studies, of which 25 studies were agreed on
by both CXR and CUS. Lung recruitment was done in 6 studies on the basis of CUS

alone. Thus CUS is superior to CXR for recruitment of lung in patients with atelectasis.

For the diagnosis of Interstitial edema, CUS and CXR showed substantial
agreement k=0.7406; p<0.0001. CUS showed a sensitivity of 98.5%, specificity 87.7%,
PPV 68.04% and NPV 99.55% as compared to CXR. Out of the total 98 studies
diagnosed as interstitial edema by CUS or CXR or both, only 57 studies received
diuretics in the immediate or post operative day one. Out of 57 studies only 46 studies
were agreed upon by both CUS and CXR. Diuertics were given in 11 studies on basis on

CUS alone.

For the diagnosis of pneumothorax, there was almost perfect agreement k=0.8556,
(p= 1.000), between the two modalities. CUS showed a sensitivity of 100%, specificity
99.68%, PPV 75% and NPV 100% as compared to CXR. Out of the total 4 pneumothorax

diagnosed, only 3 were agreed upon by both modalities. In 3 patients low suction was
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given as they had intercostal tube in situ. Only in one study, intercostal drain was placed

for treating pneumothorax in immediate post operative period.

The degree of agreement between CUS and CXR cannot be commented upon for
endobronchial intubation as it was detected only in a single study. Endobronchial
intubation can be ruled out by CUS, but the exact position of endotracheal tube tip in

relationship to vertebrae can be detected by only CXR.

Bedside CXR shows a static image of diaphragm either in expiration or
inspiration, while CUS can be used to see the range movement of diaphragm during
inspiration and expiration over many respiratory cycles in spontaneously breathing
patients. In our study, 4 studies by CXR or CUS or both revealed diaphragmatic
weakness. In 2 studies, CXR diagnosed diaphragmatic weakness in form of elevated
diaphragm which was not agreed upon by CUS. Thus, the agreement between CUS and
CXR for detecting abnormal diaphragmatic function was substantial k=0.6639;
(p=0.4795). CUS showed a sensitivity of 50%, specificity 100%, PPV 100% and NPV

99.37% as compared to CXR.

In our study, neither CXR nor CUS revealed significant pericardial effusion in
any patient. This is due to the presence of mediastinal drain in situ in all post operative
patients. Mediastinal drain prevents the accumulation of blood in the opened pericardial

cavity.
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To summarize, there was a good degree of agreeability between CUS and CXR
for the detection of various intra thoracic pathologies. Overall Kappa value of 0.749
shows substantial agreement between the two modalities. Overall sensitivity and
specificity of CUS as compared to CXR was 96.9% and 84.75% respectively. For pleural
effusion only moderate degree of agreeability of k= 0.3814 was seen. This is because;
presence of a small pleural effusion is not easily identified by chest x-ray. For
pneumothorax there was perfect agreement between two modalities with k = 0.8556. For
atelectasis there was substantial agreement between the two modalities with k = 0.7863.
For interstitial edema there was substantial agreement between the two modalities with k
= 0.7406. For detection of abnormal diaphragmatic function there was substantial
agreement k = 0.6639 between both modalities. Thus CUS can be an effective alternative
to CXR in the immediate postoperative period and in the follow up period (post operative

day one).
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LIMITATIONS



The following are the limitations of our study using CUS

1) Bedside CXR was used as reference standard for comparison with CUS. Thoracic
computed tomography (CT) is the gold standard for chest imaging, but it cannot be

performed routinely in postoperative patients.

2) Sensitivity, specificity, positive predictive value and negative predictive values of

CUS were compared with CXR and not Thoracic CT (gold standard).

3) The number of endobronchial intubations and pericardial effusion were small to

draw a meaningful comparison between the two modalities.

4) Restricted field for CUS study in post-operative patients due to presence of

dressings and drains.

5) Position of drains, endotracheal tube tip, nasogastric tube tip couldn’t be studied

by CUS probe that we used.

6) Our study only included patients in POD-0 and morning of POD-1. Most of the
pneumothorax developed in the POD-2 or POD-3 after chest drain removal and it was not

studied.

7) Some of the studies were conducted in the late immediate post operative period

and not in the early immediate post operative period, when the patient was transferred out
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of operation theatre to ICU. We acknowledge that findings such as small pneumothorax
which could be detected easily by CUS and not by CXR in early immediate post

operative were missed.

8) We did not include hemodynamically unstable patients and patients with open

sternum. Perhaps a study on this subset of patients can rule out the cardiac or respiratory

cause for unstable hemodynamics using the BLUE or RUSH protocol.
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CONCLUSIONS



1) Minimal and mild pleural effusion could be detected with CUS, but not by CXR.
In 7.5% of the total studies diagnosed as pleural effusion, all the studies (7.5%) were

diagnosed by CUS. Only 1.8% of studies were diagnosed as pleural effusion by CXR.

2) In 30.6% of total studies diagnosed as interstitial edema by both CUS and CXR,
30.3% of studies were diagnosed as interstitial edema by CUS. Only 20.9% of the
studies were diagnosed as interstitial edema by CXR. Serial CUS studies were used for
studying the clearance of interstitial edema in response to interventions (diuretics). It
would be prudent to avoid taking serial CXRs to detect clearance of interstitial edema,

lest patients get undesirable radiation exposure.

3) We found that both CUS and CXR are equally effective for the detection of lung
atelectasis. In 11.5% of total studies, atelectasis was diagnosed by both CUS and CXR, of
which 11.25% & 8.1% of the studies were diagnosed as atelectasis by CUS and CXR
respectively. Recruitment of atelectatic lung could be monitored by subsequent CUS
studies. Subjecting patients to repeated CXR for this purpose would have been

undesirable.

4) We found that both CUS and CXR are equally effective for the detection of
pneumothorax. Only 1.2% of the total studies were diagnosed by both CUS and CXR as
pneumothorax, of which CUS detected all (1.2%) the pneumothorax and CXR 0.93% of

pneumothorax.
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5) CXR was effective for the detection of diaphgramatic weakness in form of
elevated diaphragm (1.2% of total studies) as compared to CUS in form of sluggish

movement (0.625% of total studies).

Thus, we found that CUS is superior to CXR for diagnosis of pneumothorax,
pleural effusion, atelectasis and interstitial edema. CUS was also found to be superior to
CXR for assessing response to therapy in patients having interstitial edema and
atelectasis. We conclude that chest ultrasound detected more intrathoracic pathologies
than CXR and thus can be a better alternative to bedside chest X-ray as a diagnostic and
monitoring tool in post operative pediatric cardiac surgical patients. It can be repeated
easily whenever the clinical condition of the patient changes and avoids radiation

exposure to both patient and staff.
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APPENDICES



INFORMED CONSENT FORM

Title of the study:

BEDSIDE CHEST ULTRASOUND IN POST OPERATIVE PAEDIATRIC CARDIAC SURGERY PATIENTS:
COMPARISON WITH BEDSIDE CHEST RADIOGRAPHY

Study number:

Your child is being requested to participate in a study to compare the diagnostic
performance of bedside chest ultrasound and bedside chest radiography and
interventions if required. We will include 160 patients from this hospital in this study.
What is chest ultrasound?

Your child’s chest will be scanned with ultrasound by placing a probe with jelly over
chest (anterior, axillary and posterior areas) and images can be seen on the monitor. All
findings will be recorded and appropriate management will be done. This examination is
free of pain and radiation.

Why Chest X-ray done post operatively?

Chest X-ray is routinely performed in post operative cardiac surgical patients to ensure
proper expansion of lung; rule out air and fluid accumulation in lung, fluid collection
around heart; confirm proper positioning of tube in trachea, tubes in chest cavity and
central venous line tip above heart.

Why are we doing the study?

Chest ultrasound is totally free of radiation and recently proved to be good in
diagnosing lung abnormalities. We designed this study to compare the clinical utility of
Chest ultrasound and Chest X ray in post operative paediatric cardiac surgical patients.
How is Lung ultrasound and Chest X-ray compared?

After surgery your child will be shifted to Post operative Intensive care unit where
routine Chest X-ray will be taken. The doctor in charge of ICU will interpret the image.
Soon afterwards we will do a chest ultrasound for your child and findings from both the
modalities will be recorded, analyzed and interpreted.

Is chest ultrasound safe?

Chest ultrasound uses ultrasonic waves, which is proved scientifically to have no health
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hazards even after multiple exposures.

Can you withdraw from this study after it starts?

Your child’s participation in this study is entirely voluntary and you are free to decide to
withdraw permission to participate in this study. If you do so, this will not affect your
child’s routine treatment at this hospital in any way.

What will happen if you develop any study related injury?

We do not expect any injury to happen to your child, but if your child does develop any
side effects or problems due to the study, these will be treated at no cost to you.

Will you have to pay for the study?

No.

Will your personal details be kept confidential?

The results of this study will be published as thesis or in a medical journal. But your child
will not be identified by name or inpatient number in any publication or presentation of
results. Your child’s medical notes will only be reviewed by people associated with the
study.

If you have any further questions, please ask

Dr. Don Jose Palamattam. Senior Resident, Cardiac Anaesthesia Phone number:
9440377506
Dr. Mala Ramanathan, Member Secretary, IEC, SCTIMST. Phone number - 0471-

2524234. Email: iec.mem.sec @sctimst.ac.in
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DECLARATION

L , Father / Mother / Uncle /Aunty /Grandparent/ Guardian/

Relative (Please tick) of [Participant’s name: Date of

Birth / Age (in years)] declare that I have read the patient information sheet provided to
me regarding the study “Bedside Chest Ultrasound in Post Operative Paediatric Cardiac Surgery
Patients: Comparison with Bedside Chest Radiography.”

| have clarified doubts that | had. [ ]

| also understand that my child’s participation in this study is entirely voluntary and that he/she
is free to withdraw from participation at any time without affecting the usual treatment or legal

rights [ ]

| also understand that that my child will have to undergo Chest X —ray as routinely done in post
operative Intensive care unit and also Chest ultrasound as soon as Chest X-ray is taken. Chest

ultrasound will be done whenever Chest X-ray is taken till my child’s stay in ICU. [ ]

| understand that the study staff and institutional ethics committee members will not need my
permission to look at the health records of my child even if | withdraw them from the trial. |

agree to this access [ ]

| understand that my my child’s identity will not be revealed to third parties or published [ ]

| voluntarily agree to my child’s participation in this study [ ]

| have received a copy of this signed consent form [ ]

Name:

Signature:

Date:
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Relation to participant :

Name of witness:

Study Independent Contact Person-------- Dr. Mala Ramnathan, Professor, AMCHSS &
IEC Member Secretary , SCTIMST (0471-2446234) . . Email:

iec.mem.sec @sctimst.ac.in

Declaration by Person Obtaining Consent

I attest that the requirements for informed consent for the medical research project
described in this form have been satisfied. I have discussed the research project with the
participant’s parents/guardian and explained to him/her in non-technical terms all of the
information contained in this informed consent form, including any risks and adverse
reactions that may reasonably be expected to occur. I further certify that I encouraged the
participant’s parents/guardian to ask questions and that all questions asked were

answered.

Signature:

Date:

Dr. Don Jose Palamattam ,
Senior Resident, CVTA,

SCTIMST.
(Ph No: 9440377506)
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INFORMED ASSENT FORM

I, Dr.Don Jose Palamattam working as Senior Resident in Dept. Of Cardiac Anaesthesia ,
Sree Chitra Tirunal Institute of Medical Science and Technology, Trivandram, request
you to take part in my research study titled “Bedside Chest Ultrasound in Post Operative
Paediatric Cardiac Surgery Patients: Comparison with Bedside Chest Radiography.”

This study will be a comparison between ultrasound of chest and X ray of chest. Chest X
ray is routinely done in post operative intensive care unit, but is associated with harmful

radiation.

I am trying to learn about your chest using a new technique called Ultrasound. It will of
benefit for you as no radiation will used to study your chest. I want to learn about your
chest after surgery of the heart and the various pathological conditions that can occur

after surgery. This study is intended to minimize Chest x ray radiation.

This study is done when you are asleep and you wouldn’t know that the study is being
done. This is a painless procedure and you wouldn’t face any discomfort. There are no

complications from this study.

There is no compulsion for you to participate in this study. This study is voluntary, which
means that you decide whether or not to take part in the study. Being in this study is up
to you, and no one will be upset in any way if you do not want to participate or even if
you change your mind later. It is never going to affect your treatment even if you do not

participate.

Please talk this over with your parents before you decide whether or not to participate. I
have asked your parents to give their permission for you to take part in this study. But
even if your parents said “yes” to this study, you can still decide to not take part in the
study, and that will be fine. If you decide to be in the study I will not tell anyone else

what you do in the study.

You may ask any questions about the study
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Signing here means, that you have read this form, or have had it read to you, and that you

are willing to be in this study.

Name:

Signature:

Date:

Age:

Name of witness:
Relation to participant :

You can also contact Study Independent Person-------- Dr. Mala Ramnathan, Professor,
AMCHSS & IEC Member Secretary , SCTIMST (0471-2446234). Email:

iec.mem.sec @sctimst.ac.in

Declaration by Person Obtaining Assent Form

I attest that the requirements for informed assent for the study described in this form
have been satisfied. I have discussed the research project with the participant and
explained to him/her in non-technical terms all of the information pertaining to this study,
including any risks and adverse reactions that may reasonably be expected to occur. I
further certify that I encouraged the participant to ask questions and that all questions

asked were answered in simple language

Signature:

Date:

Dr. Don Jose Palamattam ,
Senior Resident, CVTA,
SCTIMST. (Ph No: 9440377506)
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CHEST ULTRASOUND DATA CHART

PATIENT ID:

PATIENT NAME: AGE: SEX:
DIAGNOSIS: SURGERY:

POST OPERATIVE DAY: INTUBATION: YES/NO

MODE OF VENTILATION: PRVC/ SIMV(PRVC)/ CPAP/ T-PIECE/ OTHER

S.no SIGNS/ FINDINGS ANTERIOR AXILLARY POSTERIOR

UPPER | LOWER | UPPER | LOWER | UPPER | LOWER

R |L |R |L |R|JL |R |L |R|JL |R |L

1 BAT’S APPEARENCE

2 PLEURAL LINE

3 SLIDING SIGN

4 LUNG PULSE

5 SEASHORE SIGN

6 BARCODE SIGN

7 LUNG POINT

8 QUADRANGULAR SIGN

9 SINUSOIDAL SIGN

10 MAXIMUM DISTANCE
BETWEEN PLEURAL LAYERS

11 A-LINE

12 B-LINE

13 Z-LINE

14 TISSUE LIKE PATTERN

15 AIR BRONCHOGRAM

[STATIC(S)/DYNAMIC(D)]

DIAPHRAGM ANALYSIS BY ULTRASOUND

S.NO RIGHT LEFT
DIAPHRAGMATIC MOVEMENT ON

1 MECHANICAL VENTILATOR(CONTROLLED
VENTILATION)

2 DIAPHRAGMATIC EXCURSION DURING

SPONTANEOUS VENTILATION(ASSISTED
VENTILATION/POST EXTUBATION)
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» FINAL DIAGNOSIS AS PER LUNG ULTRASOUND:

o SUBCUTANEOUS EMPYSEMA:

o PNEUMOTHORAX:

o PLEURAL EFFUSION:

o INTERSTITIAL EDEMA:

CONSOLIDATION:

= ATELECTASIS

= PNEUMONIA

o PERICARDIAL EFFUSION/CARDIAC TAMPONADE

o DIAGPHRAMATIC PARALYSIS

o ENDOBRONCHIAL INTUBATION

o POSITION OF NASOGASTRIC TUBE

o POSITION OF CENTRAL VENOUS CANNULA

o POSITION OF CHEST DRAINS:

» -THERAPEUTIC INTERVENTIONS PLANNED:
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BED SIDE CHEST X-RAY DATA CHART

1.SUBCUTANEOUS EMPYSEMA: RIGHT HEMITHORAX [l LEFT HEMITHORAX [0 ABSENTOI
2.PNEUMOTHORAX:  RIGHT HEMITHORAX [ LEFT HEMITHORAX [ ABSENTOI
3.PLEURAL EFFUSION: RIGHT HEMITHORAX [l LEFT HEMITHORAX [ ABSENTOI
4. INTERSTITIAL EDEMA: PRESENT [ ABSENTLI

5.CONSOLIDATION: RIGHT UPPER HEMITHORAX [0 RIGHT LOWER HEMITHORAX [l

LEFT UPPERHEMITHORAX LEFT LOWER HEMITHORAX[I ABSENTOI

6. MEDIASTINAL WIDENING: PRESENT [ ABSENTOI

7. ABNORMAL DIAPHRAGMATIC ELEVATION: RIGHT O  LEFTO] ABSENTO

8. ENDOTRACHEAL TUBE: NORMAL [ ABOVE T2 [ BELOW T4 [

9. NASO GASTRIC TUBE: Oesophagus [ Stomach O Duodenum [

10. POSITION OF CENTRAL VENOUS CANNULA:

11. POSITION OF CHEST DRAINS:

FINAL DIAGNOSIS AS PER CHEST X-RAY:

THERAPEUTIC INTERVENTION PLANNED:
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UG RN SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES & TECHNOLOGY
g THIRUVANANTHAPURAM — 695011, INDIA

TAC Registration No: SCT-/S/2018/740 Date: 23.05.2018

Project title: BEDSIDE CHEST ULTRASOUND IN POST OPERATIVE PAEDIATRIC CARDIAC SURGERY PATIENTS:
COMPARISON WITH BEDSIDE CHEST RADIOGRAPHY
Principal Investigator:
Dr. Don Jose Palamattam,Senior Resident, Department of Anaesthesiology, SCTIMST,Degree: M.D (Anaesthesiology), M.B.B.S.
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Dr. Rupa Sreedhar, Professor and Head, Department of Anesthesiology, SCTIMST
Degree: Post-Doctoral Certificate Course (PDCC): Cardiothoracic Vascular and Neurosurgical Anesthesiology. D.N.B.
(Anesthesiology), M.D. (Anesthesiology), D.A. (Anesthesiology), M.B.B.S.
Co- Investigator(s)

Dr. Shrinivas Gadhinglajkar, Professor, Department of Anesthesiology, SCTIMST Degree: Post-Doctoral Certificate
Course (PDCC): Cardiothoracic Vascular and Neurosurgical Anesthesiology. M.D. (Anesthesiology), M.B.B.S.,
Dr. Prasanta Kumar Dash, Professor, Department of Anesthesiology, SCTIMST Degree: Post-Doctoral Certificate

Course (PDCC): Cardiothoracic Vascular and Neurosurgical Anesthesiology. M.D. (Anesthesiology), M.B.B.S.
Dr. Subin Sukeshan, Associate Professor, Department of Anesthesiology, SCTIMST
Degree: DM (Cardio Thoracic and Vascular Anesthesia), M.D. (Anesthesiology), M.B.B.S.
Dr Baiju S Dharan, Professor, Department of Cardiovascular & Thoracic Surgery, SCTIMST
Degree : MCH (Cardiovascular And Thoracic Surgery), M.S (General Surgery), M.B.B.S
Dr. Santhosh Kumar K, Associate Professor, Department of IS & IR, SCTIMST Degree : Post-Doctoral Certificate
Course (PDCC) : Imaging Sciences and Interventional Radiology, M.D. (Radiology), M.B.B.S.
Members who participated in the TAC meeting on 19/05/2018
Dr. Rupa Sreedhar (Chairperson)
Dr. Prasantakumar Dash
Dr. Sanjay G
Dr. Krishna Kumar K
Dr. Sankara Sarma P
Dr. Sylaja PN
Dr. Ashalatha. R
Dr. Bijulal S
Dr. Jayadevan ER
Dr. Syam K
Dr. Varghese T. Panicker
Dr. K. Shivakumar (Member Secretary)

Dr. Rupa Sreedhar, Dr. Syam K, Dr. Sylaja PN, Dr. Prasantakumar Dash, Dr. Varghese T. Panicker and
Dr. Ashalatha. R stayed away from the proceedings when the projects in which they are involved as investigator
were discussed (#736,737, 738, 740, 741,743,744, 746, 749, 752).

Risk Classification of the project (Minimum/ Moderate/ High): Minimum

Requirement of DSMB: No

Recommended members of DSMB: Not applicable

Recommendations of TAC:

Recommended for consideration of IEC in the light of the responses received from the investigator

The Pl may note that there can be no additions / alterations in the documents approved by TAC when they are

submitted to the IEC.
Signature of the Member Secretary, TAC (Clinical Studies)

Note for IEC
Copy of the investigator’s responses to questions/suggestions from TAC is attached (Appendix-1).
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Appendix-1

Since the study involves primarily radiological modalities (USG Chest and X-ray Chest) for patient
evaluation, it is better to include a radiologist also in the study group.

Answer: Dr. Santhosh Kumar K, Associate Professor, Department of Imaging Sciences and Interventional
Radiology (IS & IR) has been added in the study as Co- Investigator as suggested.

Page 2 of 2
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Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-16)

SCT/IEC/1223/JUNE-2018 03.08.2018

Dr. Don Jose Palamattam
Senior Resident
Department of Anaesthesiology

SCTIMST, Thiruvananthapuram

Dear Dr. Don Jose Palamattam,

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitlied “BEDSIDE
CHEST ULTRASOUND IN POST OPERATIVE PAEDIATRIC CARDIAC SURGERY PATIENTS: COMPARISON WITH
BEDSIDE CHEST RADIOGRAPHY" (IEC/1223)" on 16" June, 2018,

The following docurnents were reviewed:

. Covaring letter addressed to the Chairman, IEC, SCTIMST dated 22.05.2018 with check list
. TAC Approval Letter

. |EC Application Form

Project Proposal

Proforma

. Information Sheet and Informed Consent Form in English and Malayalam

. GV of Principal Investigator and Co-Frincipal Investigators

Revised submission

~N DO A R

1. Covering letter addressed to the Chairman, IEC, SCTIMST dated 18.07.2018 with check list
2. Response to recommendations of IEC

3. Copy of IEC Recommendation Latter dated 19.06.2018

4. TAC Approval Letter

5 IEC Application Form

6. Project Proposal

7. Proforma

Information Sheet and Informed Consent Form in English and Melayalam

. Informed Assent Form in English and Malayalam

0. CV of Principal Investigator and Co-Principal Investigators
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The following members of the Ethics Committee were present at the meeting held on 16t June, 2018 at
Noshir H Wadia Conference Hall, AMCHSS, SCTIMST

SL.  Member Name Highest Degree Gender Scientific /Non Scientific Affiliation with

No. Institution(s)

1. Dr.RV G Menon M Tech, PhD Male Lay Person No g
(Chairman)

2 Dr. Rema M. N MD Female Basic Medical Scientist No

3 Dr. Kala Kesavan. P MBBS, MD Female Basic Medical Scientist No

4. Dr. KR S Krishnan M.E., Ph.D. Male Medical Technology Yes

5, Dr. S S Giri Sankar LL.M. Ph.D. Male Legal Expert No

6. Dr. Aneesh V Pillai BA. LLB (Hons.), LLM, Male Legal Expert No

Ph. D, SET (Law)

i Mr. Satheesh Chandran MSW, PGDPM Male Lay person/ NGO/ Social ~ No
Scientist

8. Dr. Harikrishna Varma PR Ph.D( Materials Science) Male Medical Technology Yes

g Dr. P. Manickam BSMS, MSc (Epid).,PhD  Male Health Science Expert/ No
Social Scientist

10.  Smt. Sathi Nair MA (English Literature) Female Lay Person No

11.  Dr. Christina George MD Psychiatry Female  Clinician No

12.  Dr. Anand Kumar A MD, DM Male Clinician No

13.  Dr. V. Raman Kutty M D, M Phil, MP H Male Health Sciences Yes
Expert/Clinician

14.  Dr. Mala Ramanathan PhD Female Social Scientist Yes
(Member Secretary)

IEC Decision

The IEC approved the conduct of the study in the present form.

Remarks:
The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE occurring in the

course of the study, any changes in the protocol and patient information/informed consent and asks to be provided a
copy of the final report.

There was no member of the study team who participated in voting / decision making process. The ethics committee
is organized and operated according to the requirements of Good Clinical Practice and the requirements of the
Indian Council of Medical Research (ICMR).

Sincerely,

Mala Ramanathan

Member Secretary, IEC

/:-/
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BEDSIDE CHEST ULTRASOUND IN POST OPERATIVE PAEDIATRIC CARDIAC SURGERY
PATIENTS: COMPARISON WITH BEDSIDE CHEST RADIOGRAPHY

INTRODUCTION: Traditionally, chest imaging in post operative cardiac surgical patients,
is performed using bedside chest radiography (CXR). It is considered as standard of care
to evaluate intra-thoracic structures including heart, lung, mediastinum and their
abnormalities. CXR also evaluates position of chest tubes, mediastinal tubes, central
venous lines, pulmonary artery catheters, endotracheal tubes and enteral feeding tube

[1].

Respiratory complication is one of the major causes of morbidity and death in cardiac
post operative patients in adult and pediatric population. Whenever there is a suspicion
of intra thoracic pathology including improper position of tubes and catheters, the need
for repeated bedside CXR and thus subsequent unavoidable radiation exposure is
inevitable.

Other factors leading to the need for repetition of bedside CXR are suboptimal X-ray
films, improper positioning of patient and poor correlation with CT scan [2]. Each bed
side CXR exposes a patient to 0.02 milli-sieverts of radiation [3]. Though it looks
invariably small, repeated CXRs exposes patient to increasing amounts of radiation.

Paediatric age group especially neonates , have greater areas of exposure, due to small
body surface area and are thus sensitive to hazardous effects of ionizing radiation. The
threat of developing immune dysfunction, cataract, cognitive decline and malignancy in
later part of life is a possibility [4]. Therefore, effort should be made to minimize
radiation exposure whenever possible [5]. Chest ultrasound (CUS) is a fast, repeatable



and radiation free methodology.

It is simple to use and requires a limited period of training [6]. It allows for bedside
detection of primary pulmonary pathologies [7] such as pleural effusion, pneumothorax,
lung atelectasis, or secondary pulmonary pathologies due to cardiac causes (interstitial
pulmonary oedema, basal atelectasis) and conditions such as diaphragmatic palsy,
subcutaneous emphysema, pericardial effusion, cardiac tamponade and endobronchial
intubation [8].
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S.No

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Ip No
433042

458268

422007

408692

368036

397739

204860

453023

451628

456167

455931

444681

443491

453663

427271

413271

408304

456137

415506

455095

457061

412468

366625

427589

430345

433198

417020

389833

455154

Age
3yrs

11 months
4yrs 11 months
7yrs 3months
Syrs

9y 6m

18yrs

10 m

4yrs

6 months

5 months

3yr 5 months

9 months

4yrs 6 months
3yrs Imonth
4yrs 4 months
10 yrs 6 months
2yrs

4yrs 7 month
3months

1 month 23 days
3yr 8months
12yr 10months
2yrs

2yr 8m

2yr 3m

7yr Im

6yrs 5m

5 months

Diagnosis
0S-ASD mild PAH GDLV

large PDA GDLV

Post SCA CoA

0OS-ASD no PAH GDLV

TOF sev Infund PS, mild LPA stenosis
0S-ASD mild PAH GDLV

p/TOF with ICR, now with Sev PR
SA-VSD, sev PAH, mild TR GDLV
SAVSD RCC prolapse GDLV

DORYV, hypo RV, UnBal AVCD
multiple VSD, Sev PAH, B/L SVC

SP-Vsd Rcc prolapse GDLV

Surgery
ASD closure

PDA interruption

CoA repair

ASD closure

ICR

0S-ASD closure

Redo+ PVR (#23 PM magna)
VSD closure

VSD closure

R BDG

VSD closure

VSD closure

comp bal AVCD, sev TR, mod MR, ASD, sev F AVCD repair

Dorv, sev Infun PS GDLV

TA, VSD, Sev PS, OSASD

SV-ASD, no PAH , GDBV

ICR
rt BDG

Wardens Repair

SV-ASD RUPV to SVC-RA Jn, mild PAH, GDB\ Wardens Repair

large PM VSD, mod TR, sev PAH

PM VSD, mod PAH, GDBV

PA Banding

VSD closure

outflow Muscular VSD, sev PAH dilated LA/l VSD closure

TOF with spells, GD PA, rt arch
OSASD, PDA, sev PAH, GDLV
Dorv VSD PS rt Arch

TOF GDPA, Conf PA

SV-ASD, RUPV to SVC-RA Jn, no PAH

SA-VSD mild PS, mild PAH, LA/LV overload

OSASD mild PAH

OSASD RA/Rv dilated

SA VSD, 0S-ASD, sev PAH, mild PS

ICR

ASD closure+ PDA interruption
ICR+ conduit

ICR

Wardens Repair

VSD closure

ASD closure

ASD closure

VSD closure

POD

OrRrOFRPOFRPROFPOFRPRORFPORFRPRORFRPROFRPROFRPROFPORORFPORORFPORPRORPRORFRPRORPRORFRPRORORPRORORPROROROHROIERO

Diagnosis by CXR
normal study
normal study

Lt interstitial edema
Lt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
interstitial edema
interstitial edema
Left upper lobe cosolidation
normal study
normal study
normal study
normal study
interstitial edema
interstitial edema
interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
Rt upper pnemothorax
normal study

Rt upper lobe consolidation
Rt upper lobe consolidation
interstitial edema
interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study

Rt upper lobe consolidation with ir Rt upper lobe atelectasis with inte lung recuritment, diuretics given

Diagnosis by Chest USG Intervention Taken
normal study
normal study

Lt interstitial edema
Lt interstitial edema
normal study

Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
interstitial edema

diuretics given

diuretics given

interstitial edema

Left Upper Lobe Atelectasis
normal study

left basal atelectasis and interstitic lung recuritment
normal study

normal study

left basal atelectasis with minimal diuretics given
interstitial edema

diuretics given
lung recuritment

interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Rt basal interstitial edema

diuretics given

Rt interstitial edema
Rt upper pnemothorax
normal study

Rt upper lobe atelectasis, left basa lung recuritment
Rt upper lobe atelectasis, left basa lung recuritment
interstitial edema

interstitial edema, Lt basal minima diuretics given
normal study

normal study

normal study

normal study

normal study

normal study

diuretics given
suction given

Rt upper lobe consolidation with ir Rt upper lobe atelectasis with interstitial edma

normal study
normal study
normal study
normal study
Rt MZ cosolidation
normal study
normal study

interstitial edema diuretics given
interstitial edema
normal study
normal study
Rt MZ atelectasis
normal study

normal study

lung recuritment



30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

428337

377054

444940

329131

457770

454989

457036

374379

298015

451531

300006

427883

352221

403067

458187

399641

416658

431699

416621

445331

402205

443840

429740

433916

378791

436756

458940

405639

399220

4yr 10m

4yr 5m

9m 18d

7yr3m

3m

5yr8m

6m

Syr

15yr 4m

9m

16yr 5m

5yr2m

6yr3m

11yr 5m

2yr 5m

3yr2m

16yr 5m

1yr 8m

2y 4m

10m

3yr3m

4yr 10m

2yr 1m

14yr 10m

4yr 6m

9yr Im

3m

2yr 11m

9yr Im

SA-VSD, sev val PS, GDBV ICR
Ebsteins Anomaly of TV, sev Tr, no PAH Ebsteins repair
Comp Bal AVCD, Mod MR, Mod TR, Sev PAF AVCD repair
SA-VSD mild AR, no PAH VSD closure

large PDA, aberrant Rt SCA OSASD, mild PAtvascular ring division + PDA divisi
PM VSD, sev AR, mild PAH, dilated LV, GDLV VSD closure + AV repair

mild post Lt SCA COA, large PDA, sev PAH, C COA repair + PDA interruption
SA VSD, OSASD, PDA, sev PAH VSD closure
TOF, sev PS, GDLV, NC ICR

TOF, sev PS, LPA from PDA, S/p BPV, spells ICR + LPA plasty

s/p BDG for TA, SV (LV) Fontans Completion

multiple ASD, Ra/rv dilated ASD closure
TOF Conf PA, Valvular PS ICR
0S-ASD, Ra/rv dilated, no PAH ASD closure

ALCAPA sev LV dys, mod MR LCA translocation
TOF MAPCAS s/p Melbourne shunt, DiGeor; REDO ICR

TOF good PA, sev PS ICR

hypo TV, small RV, VSD, IAS aneurysmal VSD closure

p/PA band for DILV, mild AVVR, good SV Fn BDG

Large SA-VSD, long seg PA, GDBV ICR

DORV, inlet VSD, sev val PS, conf PA, Lt arch Root Translocation
SV-ASD, RUPV to SVC RA Jn,mild PAH, GDBV Wardens Repair
TOF conf PA, b/I SVC, coronary crossing RVCICR

SA-VSD, mid muscular VSD, sev PAH VSD closure
SA-VSD, RCC prolapse, mod AR VSD closure
ACHD SPVSD RCC prolapse mild AR no PAH VSD closure
TGA IVS, PDA, retro pul LCx, pres LV, mod P, ASO

Large SA-VSD, mod PS, mild AR

VSD closure + pul valvotomy

OSASD , PDA sev PAH ASD closure + PDA ligation

OrOFrROFPROFPFOFRPRORFRORFPOFPFORFRPRORPRORFRORFPOFRPRORORORFPORFPRORORORORFPORPROROROROROIROLROLR

normal study
normal study
normal study
normal study
normal study
b/l interstitial edema
b/l interstitial edema
normal study
normal study
Rt interstitial edema

Rt Mz atelectasis + Lt interstitial ec Rt Mz atelectasis + Lt interstitial ec lung recuritment , diuretics given

normal study
normal study

Rt UZ consolidation + Lt interstitial Rt UZ atelectasis + Lt interstitial ed lung recuritment , diuretics given

normal study

Rt interstitial edema
normal study
normal study
normal study

Lt basal consolidation
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema + Rt pleural e

normal study

normal study

normal study

It basal consolidation
It basal consolidation
Rt basal consolidation
Rt interstitial edema
normal study
elevated Rt hemidiaphragm
Lt interstitial edema
normal study

normal study

normal study
interstitial edema
normal study

normal study

normal study

normal study
elevated Rt hemidiaphragm
normal study
interstitial edema
interstitial edema

Lt interstitial edema
normal study
normal study
normal study
normal study

diuretics given

B/L interstitial edema + Lt minimal diuretics given
B/L interstitial edema + Lt minimal diuretics given

normal study
normal study
Rt interstitial edema

normal study
normal study

normal study
Rt interstitial edema
normal study
normal study
normal study

Lt basal atelectasis + Rt interstitial lung recuritment, diuretics given

normal study
normal study
normal study
normal study
normal study

diuretics given

Rt interstitial edema + Rt pleural e ICD placed

normal study
normal study
normal study

It basal atelectasis
It basal atelectasis
Rt basal atelectasis
Rt interstitial edema
normal study

Rt interstitial edema
Lt interstitial edema
normal study

Lt interstitial edema
normal study
interstitial edema

lung recuritment
lung recuritment
lung recuritment
diuretics added

diuretics added
diuretics added

diuretics added

diuretics added

Lt basal atelectasis + mild Lt pleurz lung recuritment

Rt minimal pleural effusion
normal study
normal study
normal study
normal study

interstitial edema, Rt minimal pleu diuretics added

interstitial edema

interstitial edema, rt minimal pleuinterstitial edema , rt minimal pleu diuretics added

normal study
normal study
normal study
normal study

normal study
normal study
normal study
normal study

interstitial edema, Lt basal consolicinterstitial edema, Lt basal atelect lung recuritment
interstitial edema, Lt basal consoliinterstitial edema, Lt basal atelect lung recuritment

normal study
normal study
elevated Rt hemidiaphragm

normal study
normal study
Rt hemidiaphragm sluggish



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

319897

447401

343994

423921

457164

417875

445553

447858

395487

454967

427919

376764

272375

433484

295934

389686

443458

436560

412199

231011

384191

396077

446054

341421

452886

444280

446357

269620

406041

9yr 9m

9y 3m

17yr 11m

2y

7m

2yr 3m

9m

9m

4y 3m

4m

1yr 8m

14yr 7m

11yr 4m

1yr 4m

11y 4m

3yr1lm

6yr 10m

3y4dm

5yr4m

14yr 2m

4yr 7m

10yr 2m

1yr 5m

14yr 5m

7m

1yr 2m

10m

11yr 4m

15yr 3m

OP-ASD, cleft AML,mild MR, inlet VSD, Dow AVCD repair

0S ASD mild TR GDLV SR

s/p SAM excision, now with Re- LVOTO

DILV s/p PA banding

AP window

ASD closure
REDosternotomy+ Kono+ AVR
BDG

AP window repair

unbal AVCD SA-VSD, s/p pA banding, cleft ABDG + AV repair

TOF sev infund PS, good PA
TOF PS good PA, no Add VSD

SV-ASD mild PAH RUPV to SVC RA Jn

SA-VSD sev PAH, GDLV

TOF with GD PA

0S-ASD, ra/rv overload mild PAH, GDLV

ICR

ICR

Wardens Repair
VSD closure

ICR

ASD closure

s/p ICR now with sev TR, LPA origin stenosis Redo+ TV repair+ LPA plasty+ PAF

comp AVCD PA LPA origin stenosis

BDG + LPA plasty

DORV SA-VSD, sev PAH, mod PR, LVOTO GD ICR

DORYV Sa-VSD val and infun PS, apical VSD, £ICR

PM-VSD, sev inf PS, RCC prolapse, mild AR, (ICR

TOF PS good PA, NC

0S-ASD No Pah GDLV

TOF s/p RVOT patch sev PS

Pink TOF Conf PA GDLV

0s-ASD, No PAH, GDLV

ICR

ASD closure

Redo Sx+ Rvoto resection+ Rvot
ICR

ASD closure

SA-VSD long seg PA, PDA dep Pul circulatior BDG + PA plasty

SP-VSD, No PAH

Comp Bal AVCD PDA PAH
TOF mild LPA stenosis, GDLV

DILV sev PS small PDA, conf PA, GDLV

VSD closure

AVCD repair

ICR

BDG

TA, SV(LV), TGA, SA-VSD, PS, S/p BDG mod I TCPC+MV repair

OS-ASD no PAH GDLV

0S-ASD closure
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normal study

normal study

normal study

normal study

normal study

Lt interstitial edema
normal study

Rt interstitial edema
normal study

Rt basal interstitial edema
Rt basal consolidation
Lt Upper consolidation
Rt interstitial edema

Rt basal atelectasis, Rt Hemidiaphr lung recuritment

b/l interstitial edema
normal study
normal study
normal study
Lt interstitial edema
Lt interstitial edema
Rt interstitial edema
normal study

Rt basal interstitial edema

normal study

Lt Upper atelectasis + Rt interstitia lung recuritment , diuretics

Rt interstitial edema

diuretics added

diuretics added

diuretics added

Lt basal consolidation + Lt minimal Lt basal atelectasis + Lt minimal pl¢ lung recruitment

Lt minimal pleural effusion
normal study

Rt interstitial edema
B/l interstitial edema
B/l interstitial edema
normal study

Rt interstitial edema
normal study

normal study

normal study

normal study

rt interstitial edema
normal study

Rt interstitial edema
normal study

normal study

Lt minimal pleural effusion
Rt interstitial edema
normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

Lt interstitial edema
normal study

Lt hemidiaphragm elevated
normal study

normal study

normal study

Lt basal consolidation and Rt inter:
Lt basal consolidation
normal study

normal study

normal study

Lt basal consolidation
Lt basal consolidation
normal study

Lt minimal pleural effusion

normal study
Rt interstitial edema
B/l interstitial edema
B/l interstitial edema
normal study

Rt Mz atelectasis + Rt interstitial e(lung recuritment , diuretics

normal study
normal study
normal study
normal study
normal study
normal study
Rt interstitial edema
rt interstitial edema

Lt minimal pleural effusion
Lt minimal pleural effusion

Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
Lt interstitial edema
Lt interstitial edema

diuretics added

diuretics added

Lt interstitial edema, Lt Diaphragm sluggish movement

normal study
normal study
Lt basal atelectasis

Lt basal atelectasis + Rt interstitial diuretics added, lung recruitment + PEEP

Lt basal atelectasis
normal study
normal study
normal study
Lt basal atelectasis
Lt basal atelectasis
normal study

lung recruitment + PEEP

lung recruitment + PEEP
lung recruitment + PEEP



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

378458

452719

377614

432657

439800

445697

445121

319161

412463

385990

245913

450068

377513

426382

389063

387641

414820

444629

390320

386265

441354

396749

254257

426419

464580

384237

439275

390614

454643

4yr 5m

6m 15d

4yr 11m

2y

13yr Im

1yr 3m

9m

9y

6yr 9m

4y 5m

14yr

Syr11m

4yr7m

2yr

8yr Im

6yr 8m

9yr Im

1yr

4yr 2m

4yr 5m

1yr 11m

6yr2m

14yr 4m

3yr9m

11m

4yr 4m

1yr 11m

10yr 11m

9m

DORV VSD sev PS Good PA
SP-VSD sev PAH mild PS VSD closure
TA DTGA s/p PA Banding
Partial AVCD sev MR no PAH ICR
SV-ASD RUPv to SVC-RA Jn, no PAH Wardens Repair
DORYV large SA-VSD mod PS sev PAH VSD closure

Long seg PA SA-VSD LPA origin stenosis, clel BDG+ LPA plasty
SA-VSD mild AR RCC prolapse LSVC mild PAtVSD closure

SV-ASD RUPV to RA mild PAH GDLV Wardens Repair

s/p RMBTS for long Seg PA, SA-VSD, MAPCA ICR + conduit + MAPCAS ligation

TOF conf PA, apical VSD, GDBV, SR ICR
MVP of AML & PML sev MR mild TR GDLV MV repair
TOF conf PA, small PDA, GDBV ICR

TOF val PS GDLV SR ICR

SA-VSD long seg PA LPA origin stenosis MAF ICR + conduit + unifocalisation

SV-ASD, RUPV to SVC-RA Jn mild PS Wardens Repair

0S-ASD no PAH ASD closure

TOF sec sub val PS GDPA conal Br cross RVCICR

TOF sub Pul PS GDPA conal br crossing RVO' ICR

Multiple VSD sev PAH S/P PA band GDLV  VSD closure+ PA debanding

TOF GDPA GDLV SR ICR
0S-ASD GDLV SR ASD closure
TA VSD PS ASD s/p BDG + Atrial Septectomy Redo + TCPC
0S-ASD mild PAH GDLV 0S-ASD closure
Long seg PA VSD Conf PA LPA origin stenosi ICR with conduit
CCHD MA hypo LV S/p PA banding Atrial sef Redo + BDG
ACHD PM VSD indirect Gerbode defect VSD closure
PM-VSD, no PAH, GDLV SR

VSD closure

DORYV large SA-VSD sev PS GDPA BDG

ICR+ PV valvotomy

Redo Sx+BDG+ MPA interuption
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normal study

Rt interstitial edema
normal study

normal study

Rt interstitial edema
normal study

normal study

B/L interstitial edema
B/L interstitial edema
normal study

normal study

B/L interstitial edema
normal study

Rt endobronchial intubation
normal study

normal study

normal study

normal study

normal study

Lt interstitial edema
Lt interstitial edema
normal study

normal study

normal study

Lt interstitial edema
normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

normal study

Lt upper consolidation
Lt upper consolidation
normal study

normal study

normal study

Lt interstitial edema
Lt interstitial edema
B/L interstitial edema
normal study

normal study

normal study

normal study

normal study

Rt interstitial edema
normal study

B/L interstitial edema
normal study

Lt interstitial edema
pneumopericardium
normal study

normal study

Rt pleural effusion

Rt interstitial edema

normal study

Rt interstitial edema + Rt minimal | diuretics added
normal study

Rt interstitial edema

Rt interstitial edema, Rt minimal p diuretics added
Lt interstitial edema diuretics added
normal study

B/L interstitial edema
B/L interstitial edema
normal study

normal study

B/L interstitial edema
B/L interstitial edema

diuretics added

diuretics added

Rt endobronchial intubation, Rt int Et tube pulled out by 1 cms, diuretics added

normal study

normal study

mild pericardial effusion

normal study

Rt interstitial edema

Lt interstitial edema, Rt minimal pl diuretics added

Lt interstitial edema

normal study

Lt interstitial edema

normal study

Lt interstitial edema, Lt basal atele lung recuritment , diuretics
normal study

Lt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
Lt upper atelectasis
Lt upper atelectasis
normal study
normal study

Lt interstitial edema

diuretics added

diuretics added
lung recuritment
lung recuritment

Lt interstitial edema diuretics added

B/L interstitial edema

B/L interstitial edema + Lt minimal diuretics

normal study

normal study

normal study

Lt interstitial edema

Rt interstitial edema

Rt interstitial edema

normal study

B/L interstitial edema

normal study

Lt interstitial edema + Lt basal atel lung recuritment , diuretics
Rt upper atelectasis + Rt upper pnesuction given

Rt upper atelectasis + Lt minimal f lung recuritment , diuretics
normal study

Rt pleural effusion
Rt interstitial edema

diuretics added



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

440080

438635

404535

392390

353516

387113

455124

467826

270184

427450

439735

435324

375771

385369

425266

443322

427717

434852

449644

393201

350594

454663

417037

460616

233809

402804

410762

394468

429013

1yr 8m

9yr 3m

3yr2m

3yr1lm

6yr3m

4yr 8m

9yr 2m

3yr1lm

11yr 9m

7yr Im

2yr

2yr 6m

S5yr5m

6yr 9m

4yr 9m

10yr 4m

2yr2m

1yr 9m

1yr 3m

4yr 7m

6yr 7m

10yr 8m

3yrim

3yrim

14yr 7m

7yr 6m

10 yr 5m

7yr 9m

7yr 8m

SA-VSD no PAH GDLV SR
OS-ASD GDLV SR
TOF GDPA GDLV s/p LMBTS

DILV Res ASD s/p PA Band GDPA GDLV

VSD closure

ASD closure

Redo ICR+ BTS take down

Redo + BDG

CCHD SI DC Interrup IVC b/l SVC 0S-ASD SV(Kawashima repair

TOF addl apical VSD GDPA RVH
0OS-ASD no PAH

PM VSD sev PAH GDBV

CCHD TV PS SV(LV) S/p BDG

SV ASD GDLV SR

CCHD TOF Conf PA GDLV SR

CCHD TOF Val + Supra Val PS

OS ASD SA VSD no PAH SR

OSASD no PAH GDLV

OSASD GDLV No PAH

OSASD mild Pah GDLV

CCHD TOF Conf PA AddI VSD Rt arch
CCHD pink TOF Addl apical VSD GDPA
SA VSD sev PAH SR

DILV SV(LV) VSD PS PDA

CCHD SV(RV) s/p BAS S/p PA banding
OSASD GDLV SR

TOF Rt ARCH small MAPCAS

ACHD multiple VSD sev PAH

ICR

ASD closure
VSD closure
TCPC

Wardens Repair
ICR

ICR

ASD + VSD closure
ASD closure
ASD closure
ASD closure

ICR

ICR

VSD closure
BDG

BDG

ASD closure

ICR

VSD closure

CCHD DILV Lt posed aorta s/p PA band + BD TCPC + PPI

PM VSD RCC prolapse mild AR
OSASD mild PAH GDLV
Sev MR, Flial AML, GDLV SR

OSASD no PAH GDLV

VSD closure

ASD closure

MV repair

ASD closure
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Rt interstitial edema
normal study
normal study
normal study
normal study

B/L interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Lt basal consolidation

Lt basal consolidation + Rt Pneumc Lt basal atelectasis+ Lt pleural effu diuertics + low suction

normal study
normal study
normal study
normal study
normal study
normal study

Rt Pneumothorax
normal study
normal study
normal study

Rt interstitial edema
normal study

Rt interstitial edema
Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Rt and Lt interstitial edema
normal study
normal study
normal study
normal study

B/L interstitial edema
normal study
normal study
normal study

Rt basal atelectasis
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study

Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

Lt basa atelectasis+ Lt pleural effus diuertics + recruitment

normal study
normal study
normal study
normal study
normal study
normal study

Rt Pneumothorax
normal study
normal study
normal study

Rt interstitial edema
normal study

Rt interstitial edema
Rt interstitial edema
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study
normal study

diuretics added

diuretics added

lung recuritment

diuretics added

diuretics added

ICD placed

diuretics added

diuretics added



1 normal study normal study
146 371230 10yr 8m F OSASD GDLV SR ASD closure 0 Rt lower zone congestion Rt basal interstitial edema diuretics added
1 normal study normal study
147 378949 6yr 10m F CCHD PA VSD Conf PA LPA stenosis B/I SVC ICR + conduit + LPA plasty 0 normal study Lt interstitial edema
1 normal study normal study
148 453820 10m M PM VSD Sev PAH mild PS GDLV SR VSD closure 0 Lt interstitial edema B/L interstitial edema
1 B/L interstitial edema B/L interstitial edema
149 429359 4yr 4m F OSASD GDLV SR ASD closure 0 normal study normal study
1 normal study normal study
150 397387 10yr 6m M OSASD + val PS GDLV SR ASD closure + pulmonary valvoto 0 normal study normal study
1 normal study normal study
151 466191 6m F ACHD PM VSD Sev PAH GDLV VSD closure 0 normal study normal study
1 normal study Rt interstitial edema
152 419006 4yrs M ACHD SAVSD small ASD sev PAH VSD closure 0 B/L interstitial edema + Lt lower lo B/L interstitial edema + Lt lower lo recruitment + diuretics added
1 normal study Rt interstitial edema
153 465037 9m F CCHD comp AVCD mild AVVR sev PAH AVCD repair 0 B/L interstitial edema B/L interstitial edema diuretics added
1 normal study Rt interstitial edema
154 410568 3yr 8m M CCHD TOF sub val + val PS GDBV ICR 0 normal study normal study
1 normal study normal study
155 440483 9yr 7m M ACHD SV-ASD RUPV to SVCRA In b/I SVC  Wardens Repair 0 normal study normal study
1 normal study normal study
156 448242 10yr 8m F CCHD complete AVCD AML cleft mod MR m AVCD repair 0 normal study normal study
1 normal study normal study
157 456770 10yr 10m F ACHD OSASD GDLV SR OS ASD closure 0 normal study normal study
1 normal study Rt interstitial edema
158 459532  1lyr 6m F ACHD PMVSD sev PAH VSD closure 0 normal study normal study
1 normal study normal study
159 454968 4yr M ACHD PM VSD RCC prolapse mild AR VSD closure 0 normal study normal study
1 normal study normal study
160 435664 3yr 10m M ACHD OS ASD RV overload ASD closure 0 normal study normal study
1 normal study normal study



