Transpl Int (1998) 11: 281-283
© Springer-Verlag 1998

V. Smyrniotis

P. Andreani

P. Muiesan

G. Mieli- Vergani
M. Rela

N.D. Heaton

Received: 31 December 1997
Received after revision: 27 March 1998
Accepted: 17 April 1998

V Smyrniotis - P. Andreani

P Muiesan - M. Rela - N.D. Heaton (£%)
Liver Transplant Surgical Service,

King’s College Hospital,

Denmark Hill,

London SE5 9RS, UK

Fax: + 44 171 346 3575

G. Mieli-Vergani
Department of Child Health,
King’s College Hospital
Denmark Hill,

London SE5 9RS, UK

ORIGINAL ARTICLE

Diaphragmatic nerve palsy
in young children following liver

transplantation

Successful treatment

by plication of the diaphragm

Abstract Diaphragmatic paralysis
was identified in four children after
liver transplantation. All presented
with persistent right upper lobe
atelectasis, pleural effusion and re-
current respiratory infections and
could not be weaned from mechani-
cal ventilatory support. Fluoroscopy
and real-time ultrasound confirmed
paradoxical right diaphragmatic
movements. Diaphragmatic plica-
tion was undertaken and enabled
rapid and sustained weaning from
respiratory support in all four cases.
Vascular clamping of the suprahe-
patic vena cava seems to be the

cause. Diaphragmatic plication al-
lows optimal recruitment of the re-
spiratory muscles with a favourable
impact on lung mechanics and gas
exchange.
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Introduction

Injury to the phrenic nerve may occur at any level of its
course, from the spinal cord to the diaphragm [7, 12].
Diaphragmatic dysfunction can occur as a consequence
of dissection, stretch, contusion, thermal injury or hypo-
thermic damage due to topical nerve cooling [4, 20]. Or-
thotopic liver transplantation may be complicated by a
degree of phrenic nerve injury owing to its close ana-
tomical proximity to the inferior vena cava [6, 11]. In-
variably, the right phrenic nerve is affected because of
the close relationship with the diaphragm and suprahe-
patic inferior vena cava, and it is injured by a high appli-
cation of the caval clamp. Nevertheless, few patients de-
velop respiratory failure [6, 14]. In children, particularly
infants, diaphragmatic paralysis is associated more com-
monly with postoperative problems because they lack
the compensatory mechanisms that adults have to coun-
teract the paradoxical movement of the hemidiaphragm
(strong intercostal muscles, stable mediastinum, upright
course of the ribs) [10, 16].

The two treatment options are mechanical ventila-
tion until the diaphragm recovers or early surgical plica-
tion. Mechanical ventilation may be prolonged and can
lead to significant complications, and recovery cannot
be predicted with accuracy. Early diaphragmatic plica-
tion is the best option because it allows rapid weaning
from mechanical ventilation [2, 15]. We present our ex-
perience with diaphragmatic plication in four children
following liver transplantation.

Materials and methods
Case 1

A 14-month-old female underwent a left lobe transplant following
previous Kasai porto-enterostomy for biliary atresia. There were
dense adhesions that had to be divided. Otherwise, the operative
and early postoperative course was uneventful. The child was extu-
bated on the 3rd postoperative day but rapidly became hypoxemic
and tachypnoeic and had to be re-intubated and reventilated. The
next day the child underwent laparotomy for a perforation of the



ileum, which was oversewn. Five days later, the child underwent a
second laparotomy for re-perforation and the distal ileum was ex-
teriorised. A subsequent attempt to extubate the child failed, with
development of right upper lobe atelectasis, pleural effusion and
persistent respiratory infection. The clinical suspicion of right he-
midiaphragmatic paralysis was subsequently confirmed by fluoros-
copy and real-time ultrasound, and a transabdominal diaphragmat-
ic plication was performed on the 35th postoperative day. The child
was extubated the following day and there were no further respira-
tory complications.

Case 2

A 10-month-old female underwent whole orthotopic liver trans-
plantation after previous Kasai porto-enterostomy for biliary atre-
sia. Dissection was difficult due to dense adhesions and varices.
Postoperative graft function was excellent. However, a repeated
trial of extubation failed and she developed atelectasis of the right
upper lobe, right pleural effusion and a persistent respiratory infec-
tton. Right diaphragmatic paralysis was confirmed by fluroscopy
and ultrasound. Transabdominal diaphragmatic plication was per-
formed 11 days post-transplant and the child was extubated at
48 h without sequelae.

Case 3

A 34-month-old female underwent whole orthotopic liver trans-
plantation for haemangio-endothelioma. The operation and early
postoperative course, including graft function, was satisfactory.
The child failed two trials of extubation and developed right upper
lobe atelectasis and a pleural effusion. Right diaphragmatic paraly-
sis was confirmed by ultrasound and a transabdominal diaphrag-
matic plication was performed 3 days post-transplant. The child
was extubated 24 h tater without further respiratory complications.

Case 4

A 54-month-old male with Alagille’s syndrome who was initially
transplanted with a left lateral segment was retransplanted for
acute intractable rejection at 20 days with a second left lateral seg-
ment graft. After extubation his respiratory function gradually de-
teriorated and he was intubated and reventilated. Right hemidia-
phragmatic paralysis was identified by ultrasound and a transab-
dominal diaphragramatic plication was performed 11 days after
the second transplant. He was extubated on return from theatre
but developed right upper lobe collapse and respiratory infection
that required mechanical ventilation for a further 38 days before
successful weaning.

Technique of diaphragmatic plication

The previous transverse abdominal wound was reopened and the
liver mobilised to allow access to the hemidiaphragm. Diaphrag-
matic plication was performed in successive layers using intermit-
tent 2/0 or 3/0 Vicryl sutures beginning on the right part of the ten-
dinous portion of the diaphragm and passing laterally. The plica-
tion was continued until the hemidiaphragm was flattened and
firm to palpation.

Discussion

Right diaphragmatic injury following liver transplanta-
tion remains a relatively unrecognised complication.
The incidence is unknown as many patients with incom-
plete palsy are able to compensate [6, 11]; however, it
can produce respiratory insufficiency and persistent
chest infections, particularly in young children [6, 11].
Retrospective studies reveal that phrenic nerve abnor-
malities ranging from abnormal nerve conduction to
partial paralysis are present in up to 80 %, and complete
paralysis is present in up to 30 %—-40 %, of patients after
liver transplantation [6, 14]. Resumption of normal
nerve function depends on the severity and location of
the injury and may take a year to recover in severe cages
[9, 13]. The evaluation of diaphragmatic function by
means of fluoroscopy and real-time ultrasound will con-
firm the diagnosis and help assess the severity of the in-
jury. The diagnosis is invariably missed in patients who
are ventilated using continuous positive pressure [6,
11]. The diagnosis should be excluded in any patient
failing to extubate successfully despite having good gas
exchange on mechanical ventilation.

The mechanisms responsible for diaphragmatic pa-
ralysis after liver transplantation include direct injury
from the application of the suprahepatic caval clamp
and indirect injury as a result of sustained use of
diathermy during liver mobilisation [6, 11]. Retrans-
plantation appears to be a risk factor, presumably be-
cause the caval clamp has to be placed higher and a larg-
er cuff of diaphragm is included. Our experience under-
lines the importance of the level of cross clamping of the
suprahepatic inferior vena cava. Diathermy use was not
excessive in any of our cases. Argon coagulation is used
for diaphragmatic bleeding in the majority of cases, par-
ticularly at retransplantation, and may help to avoid
phrenic nerve injury. Multiple sutures in the bare area
of the liver or internal jugular vein cannulation [7, 9]
may injure the right phrenic nerve. Phrenic nerve injury
following cardiothoracic surgery usually recovers spon-
tanteously within 4-14 months but depends on the loca-
tion and extent of the injury. The rate of regeneration of
the nerve fibres is approximately 1 mm per day. Recov-
ery of reversible phrenic nerve injury following liver
transplantation should be more rapid than after thoracic
operations; however, there is evidence to suggest that
crush injury from a vascular clamp rarely resolves [3, 5].

The majority of patients with diaphragmatic paraly-
sis do not develop respiratory failure, although a fall in
FVC and FEV, of 25 % may occur [2] because the inter-
costal and accessory respiratory muscles help to com-
pensate. It should be noted, however, that these muscles
are inhibited during rapid eye movement sleep and
some patients may develop noctural dyspnoea [8, 17].
The effects of diaphragmatic paralysis are much more
marked in liver transplant recipients because they tend
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to have significant muscle wasting and weakness of the
accessory respiratory muscles [6, 11]. Postoperative gas-
trointestinal ileus and ascites exacerbate the respiratory
embarrassment [1, 3, 5, 6]. Patients with unilateral phre-
nic nerve injury present with a restrictive ventilatory
pattern with diminished VC, FVC, FEV,, TLC and
FRC [2. 8, 19]. The paradoxical movement of the dia-
phragm governs the degree of respiratory failure. Suc-
cessful plication considerably improves these variables,
expanding lung volume and abolishing the paradoxical
diaphragmatic movement [5, 6, 19]. Maximal voluntary
ventilation increases by as much as 55% |2, 16, 17] and
there is improved blood gas exchange with increases in
Pa0O, and PLCO (single-breath CO diffusing capacity)
[17-19], reflecting resolution of atelectasis and im-
proved ventilation-perfusion [1, 2].

We use the abdominal approach for diaphragmatic
plication. This avoids a second wound and allows in-
spection of the abdomen and biopsy of the graft. The
mobilisation of the graft and bowel is not usually diffi-

cult and remains our preferred approach. Others prefer
a transthoracic approach to avoid entering an abdomen
that may have been operated on several times and to
avoid the placement of sutures that may further injure
phrenic nerve branches or the right phrenic artery.

Early plication should be performed after confirming
paradoxical diaphragmatic movement [21]. Further tri-
als of extubation should not be undertaken. Clinical
and physiological improvement is dramatic [3, 12, 16,
17]. Our first three cases were successfully extubated
within 48 h, but the fourth had persistent sepsis associat-
ed with profound immunosuppression for persistent re-
jection. Failure to wean within 24-48 h of surgery is
due to unsatisfactory plication or to a different cause of
respiratory failure. Young children, particularly those
undergoing retransplantation, appear to be at a higher
risk, emphasising that care should be taken to include
the smallest cuff of diaphragm possible on application
of the suprahepatic caval clamp.
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