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a b s t r a c t 

We demonstrate a quick sliding of the descending aorta toward the unaffected side of the 

diaphragm as a new sonographic finding during breathing in pediatric patients with di- 

aphragmatic paralysis. We present three pediatric patients with diaphragmatic paralysis 

after cardiovascular surgery with this new sonographic finding. This finding consisted of 

paradoxical movement of the diaphragm as shown by fluorography. This sonographic sign 

was only obtained by a B-mode scan in the subxiphoid plane, was easily demonstrated at 

the patient’s bedside, and may be useful for diagnosing severe diaphragmatic paralysis. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Despite the progression of operative techniques, postopera-
tive diaphragmatic paralysis is an unavoidable complication
after cardiovascular surgery [1–3] . This complication is associ-
ated with difficult weaning from mechanical ventilation, res-
piratory insufficiency, and prolonged hospital stays [4 ,5] . A
diagnosis of diaphragmatic paralysis is based on abnormal
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movement of the diaphragm as observed by sonographic and
fluorographic imaging [6–9] . Diaphragmatic plication, which is
more beneficial in young children than in adults, is a viable
surgical intervention for this complication depending on the
patient’s clinical symptoms [2 ,4 ,6 ,10] ; therefore the timely and
accurate diagnosis of diaphragmatic paralysis is important. 

Abnormal diaphragmatic movements in diaphragmatic
paralysis include paretic, akinetic, and paradoxical move-
ments [6 ,7] , with paradoxical movements having the most
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Fig. 1 – Case 1: A 17-day-old female with left diaphragmatic 
paralysis. (a) Routine radiograph demonstrated that the 
location of the left diaphragm was higher than that of the 
right side. (b, c) B-mode sonogram shows paralysis of the 
left diaphragm. Right panels are schematic presentations of 
the left panels. The left diaphragm did not move between 

exhalation (b) and inhalation (c). In addition, the quick 

sliding movement of the descending aorta towards the 
right side can be observed during inhalation (c) compared 

to the movement during exhalation (b). (d, e) Fluorography 

shows paradoxical movement of the diaphragm. Right 
panels are schematic presentations of the left panels. The 
mediastinum moved toward the unaffected right side 
during inhalation (e) compared to the movement during 
exhalation (d). 
severe clinical presentation [6] . By fluorography, paradoxical
movement is diagnosed as retrograde movement compared
to the movement of a nonparalyzed diaphragm, and with
the mediastinum sliding into the unaffected side of the
diaphragm [7 ,11] . By ultrasound, paradoxical movement is
diagnosed as diaphragmatic movement away from the trans-
ducer during inspiration using the M-mode technique [6-8 ,12] .
Mediastinal movement cannot be evaluated by ultrasound.
In addition, cases in which the mediastinum slides into the
unaffected side of the diaphragm were reported to require
more time for spontaneous recovery from diaphragmatic
paralysis compared to cases without this finding [13] . 

In this report, we focused on the movement of the de-
scending aorta, which is one aspect of the mediastinum, and
demonstrated three cases with various degrees of the quick
sliding of the descending aorta into the unaffected side of the
diaphragm by ultrasound, which may be a useful finding to
diagnose paradoxical diaphragmatic movement. 

This retrospective study was approved by the ethics
committee of our institution, and informed consent was
waived. 

Case report 

Case 1 is a 17-day-old female with left diaphragmatic paral-
ysis who was born with type 2 transposition of the greater
arteries. Surgical intervention was performed before 8 days
of age. A routine radiograph demonstrated that the location
of the left diaphragm was higher than that of the right side
( Fig. 1 a). Left diaphragmatic paralysis was suspected; there-
fore, ultrasound and fluorography were performed. B-mode
ultrasound showed paralysis of the left diaphragm and a quick
sliding of the descending aorta toward the right side during
breathing ( Fig. 1 b and c). Fluorography showed paradoxical
diaphragmatic movement ( Fig. 1 d and e). The mediastinum
moved toward the unaffected side of the diaphragm during
breathing. Diaphragmatic plication was performed due to
recurrent respiratory distress 1 week after the examinations.
After plication, the patient recovered from the respiratory
distress and then discharged from our hospital. 

Case 2 was a 3-month-old female with left diaphragmatic
paralysis. This patient was born with double-outlet right ven-
tricle and pulmonary atresia, and surgical intervention was
performed before 8 days of age. A routine postoperative radio-
graph showed elevation of the left diaphragm, and diaphrag-
matic paralysis was suspected ( Fig. 2 a). Ultrasound with B-
mode ultrasound revealed paralysis of the left diaphragm and
a quick sliding of the descending aorta toward the right side
of the diaphragm during breathing ( Fig. 2 b and c). Fluorogra-
phy showed paradoxical diaphragmatic movement, and the
paralytic and unaffected sides of the diaphragm moved in
opposite directions during breathing ( Fig. 2 d and e). In addi-
tion, the mediastinum moved towards the unaffected side of
the diaphragm during breathing. Paradoxical movement of the
diaphragm was diagnosed. Diaphragmatic plication was per-
formed because the patient’s respiratory condition did not im-
prove. Subsequently, patient’s respiratory condition improved
after the procedure. 
Case 3 was a 11-month-old male with right diaphragmatic
paralysis. This patient was born with double-outlet right
ventricle, and surgical intervention was performed before 18
days of age. A chest radiograph obtained in the intensive care
unit showed the right diaphragm located at a higher position
compared to the left diaphragm ( Fig. 3 a). Right diaphragmatic
paralysis was suspected, and was confirmed by ultrasound
( Fig. 3 b and c). In addition, a quick sliding of the descending
aorta into the left side of the diaphragm (the unaffected
side) was detected during breathing. Fluorography showed
paradoxical diaphragmatic movement ( Fig. 3 d and e). During
breathing, the unaffected left diaphragm moved downwards
and the paralytic right diaphragm moved upwards. The medi-
astinum moved towards the unaffected side of the diaphragm
during breathing. Diaphragmatic plication was performed
because the patient’s respiratory condition did not improve.
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Fig. 2 – Case 2: A 3-month-old female with left 
diaphragmatic paralysis. (a) Routine radiograph shows 
elevation of the left diaphragm. (b, c) Exhalation (b) and 

inhalation (c). Right panels are schematic presentations of 
the left panels. B-mode ultrasound shows paralysis of the 
left diaphragm. In addition, the quick sliding movement of 
the descending aorta towards the right side can be 
observed during breathing. (d, e) Exhalation (d) and 

inhalation (e). Right panels are schematic presentations of 
the left panels. Fluorography shows paradoxical movement 
of the diaphragm as the unaffected and paralytic 
diaphragm sides move in opposite directions during 
breathing. In addition, the mediastinum moved slightly 

toward the unaffected right side during breathing. 
Paradoxical movement of the diaphragm was diagnosed. 
Subsequently, the patient’s respiratory distress improved
after plication. 

All sonograms were obtained with a 9-15-MHz linear trans-
ducer (LOGIQ 7, E9, or S8; GE Healthcare, Waukesha, WI) via the
B-mode scan in the subxiphoid plane. All patients were exam-
ined without specific preparations and in the supine position.

Discussion 

We identified a quick sliding of the descending aorta toward
the unaffected diaphragm side during breathing in pediatric
patients with diaphragmatic paralysis. In a healthy patient,
the descending aorta does not move and remains in the same
position during breathing. 

Although the diagnosis of paradoxical diaphragmatic
movement was made by comparing diaphragmatic movement
of the affected and unaffected sides using M-mode ultra-
sonography, our new sonographic sign was obtained by only
the B-mode scan in the subxiphoid plane. Although the M-
mode technique was useful, mediastinal movement could not
be evaluated by this method. We focused on the movement of
the descending aorta, which is one aspect of the mediastinum.
Therefore, this new sonographic finding may be consistent
with paradoxical mediastinal movement detected by fluorog-
raphy. This sonographic finding was easily demonstrated at
the bedside and may be useful in diagnosing severe diaphrag-
matic paralysis. 

Diaphragmatic paralysis may result in exercise intolerance
or recurrent pneumonia, and diaphragmatic plication may be
needed as surgical repair of the diaphragm [ 14 ,15 ]. On the
other hands, the incidence of spontaneous recovery from di-
aphragmatic paralysis after cardiovascular surgery has been
reported to be 50%, with the timing of recovery varying from
a few days to several months after surgery [ 4 ,11 ,16 ,17 ]. In ad-
dition, when pediatric patients with paradoxical movement
of the diaphragm recovered from diaphragmatic paralysis, di-
aphragmatic movement changes from paradoxical to weak,
and then finally becomes normal [ 2 ]. Therefore, a follow-up
to determine the degree of diaphragmatic paralysis was im-
portant to prevent complications, and to decide whether to
perform the diaphragmatic plication. In case 1, sliding of the
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Fig. 3 – Case 3: An 11-month-old male with right 
diaphragmatic paralysis. Chest radiograph shows elevation 

of the right diaphragm. (b, c) Sonograms that obtained in 

the subxiphoid plane during breathing showing paralysis 
of the right diaphragm. Right panels are schematic 
presentations of the left panels. The location of the left 
diaphragm was unchanged upon exhalation (b) and 

inhalation (c). In addition, the quick sliding movement of 
the descending aorta toward the left side is shown upon 

inhalation (c) compared to exhalation (b).(d, e) Fluorography 

shows paradoxical movement of the diaphragm. Right 
panels are schematic presentation of left. During 
exhalation (d), the paralytic right diaphragm is located at a 
higher position than the left diaphragm. During inhalation 

(e), the right diaphragm moved slightly upwards and the 
unaffected left diaphragm moved downwards. The 
mediastinum moved towards the unaffected left side 
during inhalation (e) compared to the movement during 
exhalation (d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

descending aorta was more clearly visualized compared to
that in case 2. In fluorography, a mediastinal shift was clearly
visualized in case 1 compared to that in case 2. Therefore,
the degree of sliding of the descending aorta during an ultra-
sound examination may be correlated with the degree of me-
diastinum shift in fluorography and may therefore be useful
for the evaluation of diaphragmatic paralysis. 

Fluorography is usually performed to diagnose diaphrag-
matic paralysis after cardiovascular surgery [ 6 ,7 ]. However,
while this examination can easily reveal abnormal findings,
it requires radiation exposure and cannot be performed at a
patient’s bedside. The latter is important because pediatric pa-
tients can sometimes have an unstable circulation status af-
ter cardiovascular surgery and are not to be moved from the
intensive care unit. Therefore, easy sonographic exams with-
out radiation exposure, and portable diagnosis of paradoxi-
cal diaphragmatic movement is beneficial to intensivists and
pediatric surgeons in deciding whether or not to perform di-
aphragmatic plication. 

The diaphragmatic paralysis was suspected on average 10
days after cardiovascular surgery. With this timing, it may be
difficult to obtain the subxiphoid plane by an ultrasound ex-
amination because of the surgical devices or gauze on this site.
To solve this problem, the approach to visualize the descend-
ing aorta could be changed. For example, the descending aorta
could be visualized behind the heart if the image was obtained
by using the parasternal view. In addition, coordination with
intensive care unit staff/nurses is needed to facilitate these
scans and acquiring images. 

Conclusion 

We present a new sonographic finding in pediatric patients
with diaphragmatic paralysis consisting of a quick sliding
of the descending aorta into the unaffected side of the di-
aphragm during breathing. This sonographic sign was ob-
tained by only a B-mode scan in the subxiphoid plane, was
easily demonstrated at the patient’s bedside, and may be use-
ful in diagnosing severe diaphragmatic paralysis. 
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Research Involving Human Subjects 

This research was performed in accordance with the tenets of
the Declaration of Helsinki. 

Supplementary material 

Supplementary material associated with this article can be
found, in the online version, at doi: 10.1016/j.radcr.2021.01.033 .

R E F E R E N C E S  

[1] Zhang YB , Wang X , Li SJ , Yang KM , Sheng XD , Yan J . 
Postoperative diaphragmatic paralysis after cardiac surgery 
in children: incidence, diagnosis and surgical management. 
Chin Med J (Engl) 2013;126(21):4083–7 .

[2] Greene W , L’Heureux P , Hunt CE . Paralysis of the diaphragm. 
Am J Dis Child 1975;129(12):1402–5 .

[3] Zhao HX , D’Agostino RS , Pitlick PT , Shumway NE , Miller DC . 
Phrenic nerve injury complicating closed cardiovascular 
surgical procedures for congenital heart disease. Ann Thorac
Surg 1985;39(5):445–9 .

[4] Tonz M , von Segesser LK , Mihaljevic T , Arbenz U , Stauffer UG ,
Turina MI . Clinical implications of phrenic nerve injury after 
pediatric cardiac surgery. J Pediatr Surg 1996;31(9):1265–7 .

[5] Akay TH , Ozkan S , Gultekin B , et al. Diaphragmatic paralysis 
after cardiac surgery in children: incidence, prognosis and 

surgical management. Pediatr Surg Int 2006;22(4):341–6 .
[6] Gil-Juanmiquel L , Gratacós M , Castilla-Fernández Y ,

et al. Bedside ultrasound for the diagnosis of abnormal 
diaphragmatic motion in children after heart surgery. Pediatr
Crit Care Med 2017;18(2):159–64 .
[7] Nason LK , Walker CM , McNeeley MF , Burivong W , Fligner CL ,
Godwin JD . Imaging of the diaphragm: anatomy and 

function. Radiographics 2012;32(2):E51–70 .
[8] El-Halaby H , Abdel-Hady H , Alsawah G , Abdelrahman A ,

El-Tahan H . Sonographic evaluation of diaphragmatic 
excursion and thickness in healthy infants and children. J 
Ultrasound Med 2016;35(1):167–75 .

[9] Hosokawa T, Shibuki S, Tanami Y, et al. Extra-cardiac 
complications in intensive care units after surgical repair for 
congenital heart disease: Imaging review with a focus on 

ultrasound and radiography. J Pediatr Intens Care 2020 press 
(ahead of print) doi: 10.1055/s- 0040- 1715483 .

[10] Simansky DA , Paley M , Refaely Y , Yellin A . Diaphragm 

plication following phrenic nerve injury: a comparison of 
paediatric and adult patients. Thorax 2002;57(7):613–16 .

[11] Gerard-Castaing N , Perrin T , Ohlmann C ,
et al. Diaphragmatic paralysis in young children: a literature 
review. Pediatr Pulmonol 2019;54(9):1367–73 .

[12] Epelman M , Navarro OM , Daneman A , Miller SF . M-mode 
sonography of diaphragmatic motion: description of 
technique and experience in 278 pediatric patients. Pediatr 
Radiol 2005;35(7):661–7 .

[13] Hosokawa T, Shibuki S, Tanami Y, et al. Fluorographic 
findings of diaphragmatic paralysis with spontaneous 
recovery. Pediatr Int 2020 “ahead of print”
doi: 10.1111/ped.14548 .

[14] O’Toole SM , Kramer J . Unilateral diaphragmatic paralysis. 
StatPearls. Treasure Island (FL): StatPearls Publishing 
Copyright © 2020. StatPearls Publishing LLC; 2020 .

[15] Ricoy J , Rodríguez-Núñez N , Álvarez-Dobaño JM , Toubes ME ,
Riveiro V , Valdés L . Diaphragmatic dysfunction. Pulmonology
2019;25(4):223–35 .

[16] Smith BM , Ezeokoli NJ , Kipps AK , Azakie A , Meadows JJ . 
Course, predictors of diaphragm recovery after phrenic nerve
injury during pediatric cardiac surgery. Ann Thorac Surg 
2013;96(3):938–42 .

[17] Commare MC , Kurstjens SP , Barois A . Diaphragmatic 
paralysis in children: a review of 11 cases. Pediatr Pulmonol 
1994;18(3):187–93 .

https://doi.org/10.1016/j.radcr.2021.01.033
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0008
https://doi.org/10.1055/s-0040-1715483
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0012
https://doi.org/10.1111/ped.14548
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0016
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0017
http://refhub.elsevier.com/S1930-0433(21)00033-9/sbref0017

	A novel sonographic sign of paradoxical movement of diaphragmatic paralysis in pediatric patients after cardiovascular surgery
	 Introduction
	 Case report
	 Discussion
	 Conclusion
	 Research Involving Human Subjects
	 Supplementary material
	 References


