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The case histories are presented of two patients in whom
breathlessness developed following surgery to an anatomi-
cally distant site. Respiratory muscle testing demonstrated
diaphragm weakness in both patients.

D
iaphragm weakness due to medical intervention most
commonly occurs as a result of physical trauma to the
phrenic nerves or diaphragm muscle. Recognised

examples include head and neck surgery or central venous
catheterisation,1 2 as well as neuropraxia caused by the use of
ice slush during cardiothoracic surgery.3

Postoperative brachial plexus neuropathy may occur in the
absence of direct surgical trauma and it is recognised that the
phrenic nerves may also be involved.4 However, isolated
phrenic neuropathy following anatomically distant surgery
has not been previously described. Here we present two
patients in whom breathlessness developed following surgery
to an anatomically distant site. Respiratory muscle testing
demonstrated diaphragm weakness in both patients.

METHODS
The following common diagnostic techniques were used.

Spirometry
Forced vital capacity (FVC) and forced expiratory volume in
1 second (FEV1) were recorded using a wedge bellows
spirometer (Vitalograph, Buckinghamshire, UK).

Respiratory muscle tests
Global inspiratory and expiratory muscle strength was
assessed with techniques described in the ATS/ERS joint
statement on respiratory muscle testing5 using standard
laboratory apparatus previously described elsewhere.6 In
brief, maximum static inspiratory (MIP) and expiratory
(MEP) mouth pressure were measured using a flanged
mouthpiece attached to a short rigid tube with a two-way
valve incorporating a 2 mm leak to prevent glottic closure.
MIP was measured from residual volume (RV) and MEP
from total lung capacity (TLC). Diaphragm strength was
assessed as transdiaphragmatic pressure measured during a
maximal sniff and by anterolateral magnetic phrenic nerve
stimulation. This was performed using a Magstim 200 HP
stimulator (Magstim Co, Whitland, UK) with a 45 mm coil
placed over each phrenic nerve in turn to assess the strength
of each hemidiaphragm and then bilaterally. Subjects rested
for 20 minutes before stimulation to minimise twitch
potentiation, then supramaximal stimulations were delivered
at 100% power output while the patient was relaxed at FRC
with the mouth closed and wearing nose clips. At least three
satisfactory twitches were recorded for each patient.

Patient 1
A 46 year old man had an uncomplicated sigmoid colectomy
for benign adenoma. Postoperative recovery was uneventful

but 2 months later he became breathless and wheezy on
exertion. The dyspnoea was particularly worse when lying on
his back or immersed in water. He had no medical history of
note and was a mild smoker. Chest radiography showed a
raised right hemidiaphragm (see online supplement available
at http://www.thoraxjnl.com/supplemental). No preoperative
chest radiograph was available as a baseline for comparison,
but a radiograph taken in the immediate postoperative
recovery period shows the right hemidiaphragm to be
normally positioned (image available in online supplement
at http://www.thoraxjnl.com/supplemental).

Patient 2
A 58 year old woman was admitted to hospital for a clinically
suspected pulmonary embolus. Ventilation-perfusion scan-
ning showed a high probability for pulmonary embolism. She
had had polio as a child but had not required respiratory
support and 1 year before her admission she had had a
normal chest radiograph. As part of the work-up for her
pulmonary embolism she underwent ultrasound scanning of
the abdomen. This revealed a tumour in the superior pole of
the right kidney. She had a heminephrectomy 3 months later
and histological examination confirmed renal cell carcinoma.
Postoperatively she complained of breathlessness which was
attributed to her anaesthetic. This breathlessness persisted
and, as a result, she underwent CT pulmonary angiography
and fibreoptic bronchoscopy. Neither of these investigations
found a cause for her dyspnoea. One year later she still
complained of shortness of breath on exercise, lying flat or
bending forward. Physical examination showed paradoxical
abdominal motion. A chest radiograph revealed an elevated
left hemidiaphragm which was not present preoperatively
(see fig 1 and online supplement).

RESULTS
Data for both these patients are shown in the tables in the
online supplement available on the Thorax website at http://
www.thoraxjnl.com/supplemental. The baseline characteris-
tics and spirometric parameters are shown in table S1 and the
results of respiratory muscle testing in table S2.
In addition to the radiograph in fig 1, the online

supplement also contains a series of additional images. The
first (fig S1) shows the raised hemidiaphragm in patient 1. In
order to compare this and the chest radiograph of patient 2
(fig 1) with a ‘‘baseline’’, three further radiographs are
included as control images, one for patient 1 (fig S2) and two
for patient 2 (figs S3 and S4).
The respiratory muscle tests for patient 1 showed global

inspiratory and expiratorymuscle strength within normal limits
but sniff transdiaphragmatic pressure (SnPdi) was low at
43.4 cm H2O (normal .80). Magnetic phrenic nerve stimula-
tion demonstrated right hemidiaphragm weakness with a right
twitch transdiaphragmatic pressure (TwPdi) of 1.6 cm H2O
(normal .7). The response to magnetic stimulation on the left
was normal with a TwPdi of 10.5 cm H2O (normal .8).
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Patient 2 had evidence of bilateral diaphragm weakness.
Measurements of her global respiratory muscle strength were
reduced and SnPdi was greatly reduced at 16.8 cm H2O.
Magnetic stimulation of her phrenic nerves revealed a TwPdi
on the left of 2.8 cm H2O and on the right of 1.7 cm H2O
(normal ranges as above).

DISCUSSION
Both patients have shown clear evidence of a phrenic neuro-
pathy and diaphragm weakness which was unilateral in
patient 1 and bilateral in patient 2. The sites of the surgery
were anatomically distant from the diaphragm so direct
trauma to the diaphragm or the phrenic nerves was unlikely,
and the weakness persisted long after the perioperative period
when electrolyte disturbance7 or the administration of drugs
with negatively inotropic properties8 might have contributed.
Occasionally diaphragm paralysis can occur following

central venous cannulation. The immediate postoperative
chest radiograph for patient 1 (fig S2) shows a right internal
jugular catheter in situ. The diaphragm was normally
positioned at this time, however, and symptoms did not
appear until 2 months after this. We do not therefore believe
that this line caused phrenic nerve injury and this impression
is supported by such literature as is available which suggests
that phrenic nerve damage occurs after difficult or traumatic
central venous cannulation or where multiple attempts are
made to locate the internal jugular, and that symptoms occur
at the time of insertion.9 10

The control chest radiographs for patient 2 were taken at a
time before her admission to hospital with a pulmonary
embolism and after this admission for a pulmonary embo-
lism. The first figure (fig S3) shows no evidence of a raised
hemidiaphragm and thus, as a baseline image, it suggests that
her history of polio as a child, which spared the respiratory
muscles, had not affected her phrenic nerves. The second
baseline radiograph (fig S4) was taken after the pulmonary
embolism and shows evidence of a small pleural effusion in
keeping with this diagnosis. Diaphragm paralysis is not
associated with pleural effusions and therefore we believe it
reasonable that the paralysis occurred after her surgery.
Neuralgic amyotrophy, however, is a condition which may

account for the symptoms and signs seen in both patients
after their surgery. It is a self-limiting condition of unknown
aetiology characterised by a brachial neuropathy. Commonly,
but not invariably, it is associated with pain in the shoulder
region of sudden onset followed by weakness and wasting of
the arm muscles in the distribution of the long thoracic,
suprascapular, axillary and radial nerves.11 The phrenic nerves

can become involved in neuralgic amyotrophy,4 12 but this is
usually in conjunction with the ‘‘shoulder girdle’’ syndrome of
pain described above. Rarely, isolated phrenic nerve involve-
ment can occur, but anatomically distant surgery has not been
previously described as a trigger for the condition.
In their original series which described brachial plexus

neuralgic amyotrophy, Parsonage and Turner noted that
nearly half the patients were already in hospital with other
conditions.13 These included infections (such as malaria) and
traumatic conditions (such as gunshot wounds). A minority
of these, however, were patients recovering from surgery and,
of those patients who did have a surgical trigger (12 of 136
cases), all had had anatomically distant surgery (usually
hernia repair). As with our patients, neuralgic amyotrophy
developed after surgery and diaphragm involvement was not
noted in that series.
Patients with isolated phrenic neuropathy often initially

present to chest physicians. Recovery of diaphragm strength
is more variable than recovery of upper limb function and
typically takes 2–5 years.12 Although no treatment is known
to hasten recovery, identification of the condition is worth-
while if only to spare the patient unnecessary investigations.
Plain chest radiographic appearances are a poor guide to
diaphragm function and, where the diagnosis is suspected or
in patients in whom a cause for breathlessness is difficult to
discern, we recommend phrenic nerve stimulation be
conducted to quantify diaphragm strength.

Tables S1 and S2 and figures S1–S4 are available
online at http://www.thoraxjnl.com.supplemental

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

A J Moore, M I Polkey, Department of Respiratory Medicine, Royal
Brompton Hospital, London SW3 6NP, UK
J Moxham, Department of Respiratory Medicine, King’s College
Hospital, London SE5 9RS, UK

Correspondence to: Dr A J Moore, Department of Respiratory Medicine,
Royal Brompton Hospital, London SW3 6NP, UK; a.moore@ic.ac.uk

Received 4 February 2004
Accepted 29 May 2004

REFERENCES
1 Rigg A, Hughes P, Lopez A, et al. Right phrenic nerve palsy as a complication

of indwelling central venous catheters. Thorax 1997;52:831–3.
2 McCaul JA, Hislop WS. Transient hemi-diaphragmatic paralysis following

neck surgery: report of a case and review of the literature. J R Coll Surg Edinb
2001;46:186–8.

3 Diehl JL, Lofaso F, Deleuze P, et al. Clinically relevant diaphragmatic dysfunc-
tion after cardiac operations. J Thorac Cardiovasc Surg 1994;107:487–98.

4 Lahrmann H, Grisold W, Authier FW, et al. Neuralgic amyotrophy with
phrenic nerve involvement. Muscle Nerve 1999;22:437–42.

5 ATS/ERS. Statement on respiratory muscle testing. Am J Respir Crit Care Med
2002;166:518–624.

6 Polkey M, Kyroussis D, Hamnegard CH, et al. Diaphragm strength in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 1996;154:1310–7.

7 Gravelyn TR, Brophy N, Siegert C, et al. Hypophosphatemia-associated
respiratory muscle weakness in a general inpatient population. Am J Med
1988;84:870–6.

8 Shaw IC, Mills GH, Turnbull D. The effect of propofol on airway pressures
generated by magnetic stimulation of the phrenic nerves. Intensive Care Med
2002;28:891–7.

9 Akata T, Noda Y, Nagata T, et al. Hemidiaphragmatic paralysis following
subclavian vein catheterization. Acta Anaesthesiol Scand 1997;41:1223–5.

10 Hadeed HA, Braun D. Paralysis of the hemidiaphragm as a complication of
internal jugular vein cannulation: report of a case. J Oral Maxillofac Surg
1988;46:409–11.

11 England JD. The variations of neuralgic amyotrophy. Muscle Nerve
1999;22:435–6.

12 Hughes PD, Polkey MI, Moxham J, et al. Long-term recovery of diaphragm
strength in neuralgic amyotrophy. Eur Respir J 1999;13:379–84.

13 Parsonage MJ, Aldren Turner JW. Neuralgic amyotrophy the shoulder-girdle
syndrome. Lancet 1948;251:973–8.

Figure 1 Raised left hemidiaphragm in patient 2.
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