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52.1     Clinical Diagnosis and 
Severity Assessment 

 Diaphragmatic palsy or paralysis (DP) due to 
phrenic nerve injury is a rare respiratory condi-
tion which may be life-threatening in newborn 
and young children (Affatato et al.  1988 ; Haller 
et al.  1979 ; de Leeuw et al.  1999 ). This entity was 
fi rst described in 1906 in an adult (Stauffer  1979 ). 
In newborn patients in the middle of the last cen-
tury, it was most often due to birth trauma. In the 
days of advanced neonatal and cardiac surgery, 
DP is mostly a complication of thoracic surgery 
(Greene et al.  1975 ; Schwartz and Filler  1978 ; 
Stauffer and Rickham  1972 ; Stone et al.  1987 ; 
Zhao et al.  1985 ). The incidence is described 

between 0.3 and 12.8 % and can be unilateral or 
bilateral (de Leeuw et al.  1999 ; Schwartz and 
Filler  1978 ; Kunovsky et al.  1993 ; van Onna 
et al.  1998 ). DP due to infl ammation, neuropathic 
or idiopathic is rarely seen in this age group. 

 Clinical manifestation of DP depends on the 
unilateral or bilateral involvement and the pres-
ence of other respiratory problems. In newborn 
and infants DP most often presents with respira-
tory distress, presence of thoracoabdominal 
asynchrony, recurrent atelectasis, pneumonia, 
inability to wean from the ventilator or reintuba-
tion. Older children can compensate the loss of 
diaphragmatic function and usually present with 
little or no symptoms when only one side is 
affected (van Onna et al.  1998 ; Langer et al. 
 1988 ; Mickell et al.  1978 ; Serraf et al.  1990 ; 
Shoemaker et al.  1981 ; Tönz et al.  1996 ; 
Watanabe et al.  1987 ). Signifi cant respiratory 
distress in adults is rarely seen if only one side is 
affected, because accessory muscles of respira-
tion can compensate for the loss of diaphragmatic 
function. If both sides are affected, the patients 
present usually with server exertional dyspnoea 
(Kumar et al.  2004 ). In children with single- 
ventricle physiology and Fontan circulation, DP 
is haemodynamically not well tolerated and may 
present with cardiac insuffi ciency, prolonged 
pleural effusion or ascites (Ovroutski et al.  2005 ). 

 With a better rib cage structural stability and 
ventilatory muscle strength, older children and 
adults can maximize ventilatory effi ciency of a 
single functioning hemidiaphragm and minimize 
the paradoxical motion by passively tensing the 
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paralyzed hemidiaphragm via its attachments to 
the expanding rib cage (Robotham  1979 ). 

 Infants, on the other hand, tolerate diaphrag-
matic paralysis less well than older children 
for different reasons. Infants are dependent on 
diaphragmatic contraction for adequate gas 
exchange, and if there is unilateral diaphrag-
matic paralysis, up to 50 % pulmonary function 
is lost. The intercostal muscles of infants are 
weaker, and there is a more horizontal orienta-
tion of the rib cage, so that DP cannot be com-
pensated by a greater increase in intrathoracic 
dimension. Another reason is that infants have 
increased mediastinal mobility. This means that 
in the presence of DP, the mediastinal contents 
are shifted to the contralateral side on inspiration, 
while the paralyzed diaphragm is pulled upward. 
Pulmonary compliance is decreased on the ipsi-
lateral side, so the diaphragm is unable to resist 
the negative intrapleural pressure and thus moves 
paradoxically with each respiration. This results 
in a signifi cant reduction of the functional resid-
ual capacity of the affected and of the normal 
lung, alveolar collapse and formation of atelecta-
sis. The usual recumbent position of infants and 
small children may lead to a greater reduction of 
vital capacity as in older children (Shoemaker 
et al.  1981 ; Tönz et al.  1996 ; Watanabe et al. 
 1987 ; Robotham  1979 ; Mok et al.  1991 ). 

 Several imaging modalities have been used 
to evaluate a diaphragm with suspected DP. The 
chest radiographs (X-ray) is not useful in its 
early diagnosis, especially in the neonatal period. 
Although most often DP is suspected by elevated 
hemidiaphragm on X-ray or computed tomog-
raphy, this is not a specifi c sign because of the 
wide normal range of the position of the hemi-
diaphragm (Chetta et al.  2005 ). Confi rmation 
requires diaphragm mobility tests like fl uoros-
copy or ultrasound. In the late 1990s ultrasound 
started to be the diagnostic tool of choice to 
diagnose DP. Multiple studies could show that 
ultrasound has advantages over fl uoroscopy 
including portability, lack of ionizing radiation, 
 visualization of structures of the thoracic bases 
and upper abdomen and the ability to quantify 
diaphragmatic motion (Alexander  1966 ; Houston 
et al.  1995 ; Gerscovich et al.  2001 ; Epelman 

et al.  2005 ; Miller et al.  2006 ). In earlier years 
and still in some hospitals, fl uoroscopy was the 
gold standard to secure diagnosis. Not much 
intention has been given to the use of magnetic 
resonance (MR) navigator echo monitoring of the 
diaphragm so far (Taylor et al.  1999 ). This might 
be due to the diffi culty to move sick patients and 
especially children to the MR. Another modality 
available to confi rm the diagnosis of diaphragm 
paralysis is phrenic nerve stimulation (PNS) and 
diaphragmatic electromyography (EMG). Both 
methods are frequently used in adults but diffi cult 
to use in infants and newborn. In PNS the nerve 
is electrically stimulated using percutaneous 
or needle electrodes or a single posterior cervi-
cal coil. EMG is either recorded from cutaneous 
electrodes between the seventh and ninth inter-
costal space in the anterior axillary line or from 
oesophageal electrodes. Mechanical response of 
the diaphragm is detected and measured by the 
elicited transdiaphragmatic pressure (Pdi) twitch 
against a closed airway or compound muscle 
action potentials. In patients with neuropathy 
there is usually a prolonged latency and absence 
or reduced twitch pressure (Luo et al.  2000 ; 
Strakowski et al.  2007 ). 

 Most important for every examinations is that 
the patient is under spontaneous breathing. Even 
ventilation on continuous positive pressure can 
mask a DP by moving the diaphragm in a lower 
position. Positioning, quality of movement and 
paradox movement of the diaphragm should be 
taken into account.  

52.2     Management 

 Resolution of diaphragmatic paralysis depends on 
the severity of the phrenic nerve injury. Apart from 
complete denervation, stretching or blunt trauma 
of the phrenic nerve usually causes transient 
phrenic nerve paralysis. In many cases of trau-
matic injury, normal diaphragmatic function 
would gradually return over the next 6–12 months, 
but this would implicate a respiratory support dur-
ing these times for newborn and small infants. 

 In children with bilateral paralysis, there is a 
consensus that one side needs to be plicated. 
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However, some authors have reported recovery 
after 2–6 weeks after original operation (Haller 
et al.  1979 ; Langer et al.  1988 ; Mickell et al. 
 1978 ; Serraf et al.  1990 ; Hamilton et al.  1990 ). 
Time of intervention and treatment is discussed 
controversially and depends on the age of the 
patients. 

 In a study we published in 2005, we found an 
incidence of 5.4 % of infants with DP after cardiac 
surgery. In 42 infants we could show that children 
older than 6 months tolerated DP quite well, and it 
is reasonable to wait before plication is performed 
(Fig.  52.1 ) (Joho-Arreola et al.  2005 ). This can hap-
pen with noninvasive ventilation (NIV). In infants 
and older children, only PEEP is needed to reduce 
work of breathing until the diaphragm recovers 
(Bernet et al.  2005 ). This is most often applied 
either by a nasal or full face mask. Sometimes in 
small infants and newborns, NIV with patient-trig-
gered positive pressure ventilation is needed to sup-
port the patients suffi ciently (Robotham  1980 ).

   In young infants under 6 months, plication 
should be performed after verifi cation of the 

 diagnosis. We developed an algorithm for these 
patients (Fig.  52.2 ) (Joho-Arreola et al.  2005 ). In 
our institution, we used a thoracic approach as 
described by Bisgard (Cilley and Coran  1995 ). In 
all patients with unilateral paralysis, plication was 
performed through the seventh intercostal space 
with a lateral thoracotomy and fi xation of the dia-
phragm on the ventral tenth costal arch. In three 
cases with bilateral pareses, only one side was pli-
cated similarly with good result. Our results are 
comparable with the fi ndings of Lemmer et al. 
which showed in a study of 74 children with con-
genital heart disease and DP after operation that 
mechanical ventilation, ICU stay and hospital stay 
are prolonged in newborns and young infants with-
out plication (Lemmer et al.  2007 ). Baker et al. per-
formed in 17 patients after DP plication fl uoroscopy 
assessing diaphragm motion. Excursion of the pli-
cated  diaphragm was 77 % of the contralateral side. 
There was a trend toward improved function over 
time (Baker et al.  2008 ).

   In a follow-up of 22 adult patients, Versteegh 
et al. could show that the patients after plication 
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  Fig. 52.1    Distribution of age in plicated and non-plicated patients (From Joho-Arreola et al. ( 2005 ) with permission)       
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improved in seated vital capacity, supine vital 
capacity and FEV 1 . On the transient dyspnoea 
index, a remarkable improvement was noted in 
dyspnoea (Versteegh et al.  2007 ). 

 In children undergoing univentricular heart 
repair with non-pulsatile circulation like after 
Fontan operation, early diaphragm fi xation 
seems to reduce morbidity like pleural effu-
sions, ascites, duration of hospital stay and need 
for readmission (Talwar et al.  2010 ). Video-
assisted thoracoscopic plication of the dia-
phragm has been described in a small case series 
in children and adults with good results 
(Freeman et al.  2006 ; Hines  2003 ). Hines 
described fi ve patients between one week and 2 
years who were successfully operated with a 
short ICU stay time (Hines  2003 ). 

 Diaphragmatic pacing has been used in adults 
and older children but not in infants. It requires 
an intact phrenic nerve and is not an option in 
bilateral paralysis. It is usually used in children 
with a nonsurgical origin of paralysis.      
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  Fig. 52.2    Algorithm of patients with diaphragmatic paralysis (From Joho-Arreola et al. ( 2005 ) with permission)       

 Essential to Remember 

•     Diaphragmatic paralysis is a typical 
complication after thoracic surgery and 
should be anticipated if babies cannot 
get off the ventilator.  

•   In children older than 6 months, a con-
servative treatment is eligible.  

•   Operative treatment is necessary in chil-
dren under 6 months.    
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