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Abstract

diagnosis and in managing this patient.

Supraclavicular brachial plexus block is a common anesthetic technique performed for surgery of the upper
extremities. We experienced a case of acute hypercapnic respiratory distress with loss of consciousness during
creation of an arteriovenous fistula under ultrasound-guided supraclavicular brachial plexus block using 30 mL of
0.75 % ropivacaine. We detected ipsilateral hemidiaphragmatic paralysis by means of M-mode ultrasonography of
the block. We thus speculate that phrenic nerve palsy caused by supraclavicular brachial plexus block was the
underlying mechanism of the event. Bedside ultrasonography played a pivotal role in making a differential
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Background

Phrenic nerve paralysis is known to anesthesiologists as
a common complication associated with interscalene
brachial plexus block [1], while it is often ignored after
supraclavicular brachial plexus block [2]. We present the
case of a patient with ipsilateral hemidiaphragmatic par-
alysis after supraclavicular brachial plexus block, which
manifested as loss of consciousness and hypercapnic re-
spiratory distress. Bedside ultrasonography played an im-
portant role in diagnosing hemidiaphragmatic paralysis
and managing this patient.

Case presentation

A 78-year-old-man with chronic renal failure had been
on hemodialysis via an arteriovenous fistula on his left
arm three times a week for 4 years. He was scheduled
for revision of an arteriovenous fistula on the right arm
because of occlusion of the fistula. He had a prosthetic
mitral valve and an intravenous pacemaker that had
been set to 65 beats per minute in ventricular back-up
mode for 15 years. The pacemaker had been implanted
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because he had suffered from acute mitral regurgitation
due to rupture of the chordae tendinae associated with
myoxomatous degeneration of the mitral leaflets and
sick sinus syndrome 2 months after the prosthetic mitral
valve surgery. The patient’s medical history also included
hypothyroidism and chronic hepatitis B with throm-
bocytopenia and splenomegaly but not chronic obstruc-
tive lung diseases (COPD). Preoperative transthoracic
echocardiography (TTE) revealed normal left ventricular
(LV) ejection fraction (EF =53 %) with a restrictive pat-
tern of LV inflow, as indicated by a 2.3 ratio of early
transmitral inflow peak velocity to atrial transmitral in-
flow peak velocity, suggesting elevated left atrial pres-
sure. Moderate pulmonary hypertension was diagnosed,
with a 48-mmHg tricuspid valve pressure gradient calcu-
lated from the tricuspid regurgitant jet velocity. There
were no abnormalities in the native aortic valve or the
prosthetic mitral valve.

In the operating room, we started continuous electro-
cardiogram (ECG) on standard lead II, automated non-
invasive measurement of blood pressure every 5 min,
and measurement of oxygen saturation by pulse oxim-
etry (SpOs). A right supraclavicular brachial plexus block
was performed under ultrasound guidance with 30 mL
of 0.75 % ropivacaine. After confirming the anesthetic
effect of the block, surgery was started 30 min later
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under the observation of by a registered nurse who
worked in the operating rooms. While no sedatives were
administered during surgery, the patient was given sup-
plementary oxygen at 3 1 per minute via a face mask
during the surgery because he reported some difficulty
breathing 20 min after injection of the local anesthetic.
His complaint resolved soon thereafter. The patient’s
blood pressure was stable between 160/75 mmHg and
170/80 mmHg, his heart rate was 70—80 beats per mi-
nute, and SpO, was between 96—100 %. Although an ar-
teriovenous fistula was created within approximately
80 min as planned, inadequate blood flow of the fistula
was detected by Doppler ultrasound. The patient con-
sented to immediately undergoing the surgery a second
time. About 10 min after surgery began again, he com-
plained of dyspnea and nausea, accompanied by a de-
crease in SpO, to 70 %. Oxygen flow was increased to
10 1 per minute. Five minutes after that, his SpO, de-
creased further to 50 %, and he was unresponsive to ver-
bal commands.Anesthesiologists were called at this time.
The patient was unresponsive to verbal and painful stim-
uli, and his arterial pulse could be palpated easily. Be-
cause his breath sounds were diminished, we assisted his
ventilation via a bag-mask device, followed by placement
of a #5 laryngeal mask airway (LMA). Ventilatory sup-
port was continued with 100 % oxygen. SpO, returned
to 100 % soon thereafter, but the patient remained un-
conscious with stable blood pressure of 155/80 mmHg
and heart rate of 75 beats per minute. Gas analysis of a
blood sample from the femoral artery showed pH 6.93,
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pCO, 121 mmHg, and pO, 98 mmHg. We speculated
that the loss of consciousness was caused by acute hy-
percapnia, while the underlying cause remained undeter-
mined. We decided to abort interrupt the surgery, and
the surgical wound was closed. A portable supine chest
radiograph was not remarkable as compared with the
preoperative one, showing hilar haziness of the lung
field, no signs for pneumothorax, and a slight elevation
of the right hemidiaphragm, with increased density at
both lung bases. These findings were compatible with
pulmonary congestion (Fig. 1).

We performed a bedside ultrasound examination to
identify the cause of the acute hypercapnic respiratory
distress. No apparent changes compared to the pre-
operative recording were detectable by TTE, including
visually estimated LVEF (approximately 55 %). There
was lung sliding with A-lines and a normal B-line pat-
tern on the right and left anterior chest walls, con-
firming the absence of pneumothorax on the chest
roentgenogram and ruling out the pulmonary congestion
suggested by the chest roentgenogram, respectively. We
found that there was no movement of the right dia-
phragm during the respiratory cycle, while normal re-
spiratory movement of the left diaphragm was visualized
by M-mode ultrasound imaging (Fig. 2). A diagnosis of
right hemidiaphragmatic paralysis caused by phrenic
nerve palsy was made. We canceled further examina-
tions such as computed tomography and magnetic res-
onance imaging. The patient was transferred to the
intensive care unit, and positive pressure ventilation was

Fig. 1 Portable supine chest radiograph in the operating room. It shows diffuse hilar haziness with increased density at the base of the right and
left lungs. There were no signs for pneumothorax and a slight elevation of the right hemidiaphragm. Although the right hemidiaphragm was
located at the fourth intercostal space, the right hemidiaphragmatic paralysis could not be diagnosed on this chest radiograph
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Fig. 2 M-mode ultrasound images during respiratory cycles. The right image (@) demonstrated loss of respiratory movement of the right hemidiaphragm,
while in the left image (b), normal respiratory movement of the left hemidiaphragm was detected (arrows inspiratory phase). A small pleural effusion
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continued for respiratory support via the LMA at 40 %
F1O,. Spontaneous breathing became increasingly stron-
ger, and he gained full consciousness after 2 h. The LMA
was removed, and ventilator support was terminated.

We confirmed restoration of respiratory movement of
the right hemidiaphragm by means of ultrasonography.
The next day he was uneventfully transferred to the
ward. A portable chest roentgenogram on that day
showed that the right hemidiaphragm was shifted

downward, suggesting the restoration of normal diaphrag-
matic function (Fig. 3). A new arteriovenous fistula was
uneventfully created under supraclavicular brachial plexus
block with 20 mL of 0.75 % ropivacaine 1 week later.

Discussion

We presented a case of hypercapnic respiratory distress
and loss of consciousness resulting from transient
phrenic nerve palsy associated with supraclavicular

Fig. 3 Portable chest radiograph the next day in the ICU. The patient was in the supine position. Diffuse hilar haziness remained. The right
hemidiaphragm had moved to the sixth intercostal space, suggesting restoration of right hemidiaphragmatic function
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brachial plexus block. Interscalene brachial plexus block
almost invariably causes ipsilateral phrenic nerve palsy
[1]. However, it is thought to occur less frequently with
brachial plexus block via the supraclavicular approach,
depending on the amount of local anesthetic used and
the techniques employed (e.g., nerve stimulator or ultra-
sound guidance). Respiratory symptoms are uncommon
during the brachial plexus block irrespective of the
approaches [3].

We detected hemidiaphragmatic paralysis in this pa-
tient with hypercapnic respiratory distress by means of
bedside ultrasonography. There have been few ultraso-
nographically documented cases of hemidiaphragmatic
palsy after supraclavicular brachial plexus block.

Hemidiaphragmatic paralysis is usually asymptomatic
at rest, because it is compensated for by other res-
piratory muscles; at most, it may lead to limitations in
exercise [4]. Urmey et al. [1] investigated the effects of
hemidiaphragmatic paralysis on pulmonary function
during interscalene brachial plexus block and concluded
that the block should not be performed in patients
who are dependent on intact diaphragmatic function.
Hemidiaphragmatic paralysis causes decreased values on
pulmonary function tests, such as forced vital capacity,
forced expiratory volume, and peak expiratory flow rate
[5]. In addition, it causes abdominal expansion during
inspiration, leading to regional hypoventilation in the ipsi-
lateral lower lung and a reduction in gas exchange. These
changes are usually compensated for by recruitment of
the intercostal or accessory muscles [6]. However, they
may become symptomatic, causing dyspnea or hypo-
ventilation in the supine position because of enhanced
shift of the paralyzed diaphragm toward the head [4]. In
addition to the supine position, there are at least two other
possible explanation for the development of hypercapnic
respiratory distress with loss of consciousness in this
patient. First, limited cardiopulmonary reserve may be re-
sponsible, as evidenced by the patient’s implanted pros-
thetic mitral valve and pacemaker and his advanced age of
86 years [4]. Second, chronic renal failure itself may be a
high risk. Afonso et al. [7] reported three consecutive
cases of respiratory arrest necessitating tracheal intubation
in patients undergoing arteriovenous graft placement with
supraclavicular brachial plexus block; however, the exact
underlying causes other than chronic renal failure and
obesity could not be delineated. The authors suggested
that chronic renal failure may represent a high-risk group
for respiratory failure after supraclavicular brachial plexus
block.

Oxygen administered via a face mask may have transi-
ently relieved the patient’s respiratory symptoms when
he had difficulty breathing soon after brachial plexus
block. We speculate that this may have resulted in fur-
ther depression of respiration and thus in hypercapnia
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and, consequently, loss of consciousness. Recognition of
risk factors for developing symptomatic hemidiaphrag-
matic paralysis in this patient or earlier examination
with ultrasound might have led us to avoid brachial
plexus block or to initiate ventilatory support earlier in-
stead of administering oxygen via face mask.

Bedside ultrasound plays a pivotal role in the manage-
ment of acute respiratory distress and in finding its
underlying causes [8]. M-mode recording of the dia-
phragmatic dome through a respiratory cycle is an easy
way to document a nonfunctioning diaphragm, while in
the present case, the supine chest roentgenogram was
not conclusive for the diagnosis of hemidiaphragmatic
paralysis. Absence of thickening of the diaphragm at the
zone of apposition with the rib base is an alternative
ultrasonographic technique for the diagnosis of dia-
phragmatic paralysis [4].

Point-of-care ultrasound is becoming an essential diag-
nostic skill for all physicians [9]. Anesthesiologists rou-
tinely use ultrasound machines for procedures such as
catheter placement or nerve blocks, as well as transesoph-
ageal echocardiography for cardiac surgery. Thus, they are
familiar with ultrasound machines and should therefore
be able to improve patient care by the addition of diagnos-
tic ultrasonography. Training to ensure competent use of
this technology is thus of utmost importance [8, 9].

Conclusions

A decreased cardiopulmonary reserve, advanced age,
and, possibly, chronic renal failure may have been risk
factors in this patient for developing hypercapnic re-
spiratory distress and loss of consciousness with supra-
clavicular brachial plexus block. Bedside ultrasonography
was very useful in establishing the correct diagnosis; it
allowed for ventilator support until the return of diaphrag-
matic function and precluded unnecessary examinations
such as brain computed tomography or magnetic reson-
ance imaging.
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