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CASE REPORTS

Complications from regional anaesthesia for carotid
endarterectomy
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The complications of carotid endarterectomy (CEA) under cervical plexus blockade have yet
to be fully evaluated. Two different cases are presented; both patients suffered sudden collapse
following superficial and deep cervical plexus block in preparation for CEA. The causes,
presenting signs and differential diagnoses are discussed. The safest cervical plexus anaesthetic
block technique has not yet been established.
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Carotid endarterectomy (CEA) under deep and superficial On the day of surgery he was premedicated with tema-
cervical plexus block may be becoming more popular zepam 10 mg orally. In the anaesthetic room i.v. access
because of the possible overall lower incidence of morbidity was established and a cannula inserted into the left ulnar
and mortality.1 A conscious patient avoids the need for artery. Oxygen 4 litres min�1 was delivered by nasal
transcranial Doppler, electroencephalography, evoked cannulae and ECG, pulse oximetry (SpO2

) and invasive
potentials, stump pressures, near-infrared spectroscopy and blood pressure monitoring were commenced. Right deep
jugular venous oximetry to monitor cerebral function. The cervical plexus block was performed using a three-injection
need for a shunt during cross-clamping may be reduced. technique as described by Lofstrom.3 Using a 100�0.8 mm
At present, there is a paucity of trials that have assessed Stimuplex® needle (B. Braun, Melsungen, Germany) and
and quantified the complications from regional anaesthesia. a nerve stimulator, the deep cervical plexus was accurately
Some of the larger trials failed to mention any anaesthesia- located at three levels (C2, C3 and C4). After immobilizing
related complications.2 As cervical plexus blockade becomes the needle, aspirating to check for blood and cerebrospinal
more widespread in its use, there is a need to be familiar fluid, 5 ml 0.75% ropivacaine was injected at each level.
with its life-threatening complications and a need to produce This was followed by a superficial cervical plexus block in
further clear evidence in favour of this technique. which 10 ml 0.75% ropivacaine was injected along the

posterior border of the sternocleidomastoid muscle at the
Case 1 level of C3 using a retrobulbar needle.

Whilst completing the superficial cervical plexus block,A 67-yr-old male patient was admitted for right carotid
the patient complained of feeling generally unwell andendarterectomy. He had suffered a left hemisphere cerebro-
having difficulty breathing. He had no symptoms or signsvascular accident 9 yr previously and recurrent right
of acute local anaesthetic toxicity. Within 10 min of finishingamaurosis fugax. Examination revealed bilateral carotid
the superficial cervical plexus block he developed a transientbruits, and carotid duplex scans recorded �90% stenosis
left hemiparesis and left facial nerve palsy before becomingon the right and �70% stenosis on the left. He had suffered
rapidly unconscious and apnoeic. Systolic blood pressurea myocardial infarction 6 yr previously but had made a
dropped to 60 mm Hg and the heart rate was 100 beatgood recovery and had good exercise tolerance, requiring
min–1. The patient’s lungs were immediately ventilated withonly occasional glyceryl trinitrate. His electrocardiogram
100% oxygen using a bag and mask, and the patient’s trachea(ECG) was normal; chest x-ray showed evidence of chronic
was intubated. During laryngoscopy, the gag, laryngeal andobstructive airways disease. Full blood count, clotting
peripheral reflexes were entirely absent and no anaestheticstudies, blood glucose, urea and electrolytes were all within

normal limits. drugs were required. The blood pressure recovered to
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preoperative levels following 12 mg of incremental i.v. increased to 170 mm Hg. There was no seizure. Following
pre-oxygenation with 100% oxygen, the patient’s tracheaephedrine. It was decided to postpone surgery, and 1 h after

the cervical plexus block was performed the patient was was intubated using a rapid sequence induction with
etomidate 20 mg and suxamethonium 100 mg, and manualtransferred to the Intensive Care Unit (ICU). No sedation

had been commenced at this stage. intermittent positive pressure ventilation commenced with
100% oxygen. The oxygen saturation returned to 96%. NoWithin 15 min of admission to the ICU, the patient

abruptly woke up and started breathing. At this point it was vasopressors were required to maintain blood pressure or
pulse, and following intubation the systolic blood pressuredecided to extubate the patient’s trachea because he was

conscious, responding to commands, had good spontaneous rose to 180 mm Hg and the pulse to 110 breath min–1.
These values returned to pre-operative levels 20 min afterventilation with SpO2

of 98–100% and was cardiovascularly
stable. The patient was completely alert and oriented, and intubation. Between 10 and 15 min following intubation

spontaneous ventilation recommenced.close examination revealed normal tone, power, sensation,
proprioception and reflexes in all limbs, and no residual The planned surgery was abandoned and the patient

admitted to the ICU for continued ventilation. The patientneurological deficit. The patient was discharged from the
ICU and allowed home 48 h later having made a full was ventilated for a total of 110 min and then extubated

uneventfully. No abnormal neurological symptoms or signsrecovery. Two subsequent computerized tomography (CT)
scans showed neither evidence of new cerebral infarction were noted on emergence from sedation and the patient’s

vital signs were initially stable. After extubation, over thenor haemorrhage. This patient continued to have recurrent
episodes of amaurosis fugax and was admitted 6 weeks course of the ensuing 35 min, the patient developed acute

left ventricular failure, which was successfully treated usinglater and underwent a successful eversion endarterectomy
of the right carotid artery under general anaesthesia. facemask oxygen, i.v. frusemide 50 mg, diamorphine 2.5 mg

and an isosorbide dinitrate i.v. infusion.
The patient was discharged from the ICU 24 h later.

Case 2 Serial postoperative ECGs and cardiac enzymes (creatine
phosphokinase MB) remained normal. A CT scan of theA 71-yr-old man presented for a right carotid endarterec-

tomy. He had a 6-month history of intermittent slurring of head performed 24 h after the collapse revealed small vessel
ischaemic change and calcification of the basal ganglia, butthe speech, and 4 months previously he had suffered sudden

onset of weakness of the left arm and leg. This episode neither evidence of a new infarction nor focal haemorrhage
was seen. A repeat CT scan 2 weeks later was similar inresolved completely after a week. Preoperative duplex

studies revealed �90% stenosis of the right carotid artery appearance. The patient was discharged, but was readmitted
3 weeks later with a further episode of acute left ventricularand �50% stenosis of the left carotid artery. He also suffered

from insulin-dependent diabetes mellitis complicated by failure. This was treated medically with frusemide and
lisinopril and resolved. An echocardiogram performed ondiabetic retinopathy and peripheral neuropathy. He had

peripheral vascular disease with intermittent claudication this occasion revealed a dilated left heart with mild/moderate
mitral regurgitation and global hypokinesia.but no history of chronic respiratory disease. He claimed

to have no angina but recently required three pillows in
bed to prevent orthopnoea. Routine preoperative blood tests,

DiscussionECG and chest x-ray were normal.
No premedication was prescribed. In the anaesthetic CEA under cervical plexus block anaesthesia may be

advantageous.1 However, we found only three case reportsroom, the patient was comfortably positioned supine and
oxygen given via nasal cannulae at 4 litres min–1. A left regarding the complications of cervical plexus block anaes-

thesia for CEA.4–6 Some studies, however, have reportedradial arterial cannula was sited. The blood pressure was
140 mm Hg systolic, pulse 100 beat min–1 and SpO2

96%. complications of the cervical plexus block itself, and include
paroxysmal coughing, anxiety, shortness of breath, agitation,A large bore i.v. cannula was sited and fentanyl 25 µg

given i.v. A right superficial cervical plexus block was high cervical blockade,7 hemidiaphragmatic paresis,8 airway
obstruction, seizures and tachycardia as a result of intravas-performed using 10 ml plain 0.5% bupivacaine. A

100�0.8 mm Stimuplex® needle and a nerve stimulator cular injection and drowsiness and unconsciousness from
local anaesthetic toxicity.9 Additionally, the problems ofwas used to locate the deep cervical plexus at four levels

(C2, C3, C4, C5), and 5 ml of a mixture of 10 ml 2% hoarseness, dysphagia, stellate ganglion block and Horner’s
syndrome have been highlighted.5 10lidocaine and 10 ml 0.5% bupivacaine was injected at each

level. The regional blockade was technically uncomplicated. Brainstem anaesthesia has been reported as a complication
of stellate ganglion block,11 interscalene brachial plexusOver a 5-min period following the last injection at C2,

the patient became distressed and complained of being block,12 13 parascalene brachial plexus block, and subarach-
noid injection during retrobulbar block causing brainstem‘unable to breath’. The patient was noted to be hypoventilat-

ing and a progressive desaturation on pulse oximetry from anaesthesia has been well documented.14–17 Symptoms
appear rapidly within 2–10 min following the block and96 to 72% was observed. The systolic blood pressure
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include restlessness, vomiting, drowsiness, confusional prepared for this rare complication. Factors associated with
cervical block include: ill-defined anatomy of the neck andstate, cardiac depression and respiratory arrest.

There are several possible causes of collapse following cervical spine; obesity; inability to position the patient
correctly; poor patient cooperation; repeated needling beforecervical plexus blockade in our patients. Unconsciousness

occurring 20 min after cervical blockade has been reported finding the correct position; failure to carefully aspirate for
blood or cerebrospinal fluid; and rapid injection of localpreviously but the details are scanty.9 Local anaesthetic

toxicity was the presumed mechanism. In both cases pre- anaesthetic agent.23 None of these risk factors was present
in either case.sented here, neither seizures typical of local anaesthetic

toxicity from inadvertent injection into the vertebral artery There is no clear evidence that a single injection technique
for cervical plexus blockade is safer than the three-injectionnor central nervous system excitation from rapid inadvertent

i.v. injection were observed, and the lateralizing neurological technique or vice versa, but it is clearly necessary to
compare different techniques for safety and complications.24signs observed in case 1 would not be characteristic of

toxicity.18 Furthermore, ropivacaine has a lower potential Although accidental brainstem anaesthesia with cervical
blockade is a rare event, further study should be undertakenfor toxicity which makes it a very suitable agent for cervical

plexus anaesthesia.19 20 The total dose of ropivacaine given to verify the safest technique to reduce the risk of this
particular complication.(187.5 mg) was below the manufacturer’s dose guidelines

(225–300 mg). The subsequent CT scans of the brain The diagnosis in case 2 at the time of presentation was
not so clear. There was no rapid loss of consciousness, noin both patients excluded acute cerebral infarction and

haemorrhage. In case 1, the rapid loss of consciousness, significant hypotension, and tracheal intubation required
anaesthesia and muscle relaxation which excludes brainstemabsence of brainstem reflexes on laryngoscopy, apnoea,

hypotension and full neurological recovery supports the anaesthesia. No sensory or motor signs were noted in the
upper limbs and Horner’s syndrome was not seen, makingdiagnosis of acute brainstem anaesthesia. The lateralizing

neurological signs that presented early in this patient’s a diagnosis of an accidental epidural injection unlikely.25

Left ventricular failure at the time of the block may be acollapse are not characteristic of brainstem anaesthesia, and
transient cerebral ischaemia secondary to hypotension is a cause of hypoventilation and desaturation, but in case 2

this would have been exacerbated by possible phrenic nervemore likely explanation for the transient hemiparesis. Win-
nie has described three ways that local anaesthetic agents paralysis. Diaphragmatic motion abnormalities have been

demonstrated previously in 61% of patients receiving cer-can cause a subarachnoid block during a brachial plexus
block, and it is reasonable to assume that these mechanisms vical plexus blocks, and respiratory distress due to phrenic

nerve palsy following deep cervical blockade has alreadyhold true for a cervical plexus block.21 Firstly, the needle
may be inserted directly through the intervertebral foramina been reported in a patient with chronic respiratory

disease.5 8 The most likely diagnosis in case 2 is cardio-and the anaesthetic agent injected directly intrathecally.
Second, the tip of the needle may enter a dural cuff that respiratory failure exacerbated by a possible phrenic nerve

paresis in a patient with pre-existing poor left ventricularsometimes accompanies a nerve for a short distance distal
to the intervertebral foramina, causing a direct intrathecal function. It has been previously highlighted that cervical

plexus block should be used with great care in patientsinjection. Third, local anaesthetics injected into the nerve
itself can spread centripetally to the subarachnoid space. In with pre-existing chronic respiratory disease, but our case

report highlights the need for caution in patients with leftcase 1, no cerebrospinal fluid was aspirated before injection
and there was no delayed headache, although this does not ventricular failure.

Although deep cervical plexus block for CEA has advant-necessarily preclude the possibility of dural puncture. No
pain was elicited on injection, making a direct intraneural ages, anaesthetists need to be constantly vigilant when

performing this procedure, and more willing to report andinjection unlikely. It is reasonable to speculate that the
mechanism of brainstem anaesthesia was accidental injec- study the related complications.
tion into a dural cuff.22
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Transthoracic echocardiography for perioperative
haemodynamic monitoring
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Transoesophageal echocardiography (TOE) is valuable for perioperative monitoring in patients
at risk from haemodynamic disturbance. However, its use is not practicable in patients
undergoing surgical procedures under regional anaesthesia. We describe two cases showing
that transthoracic echocardiography (TTE) has the same advantages as TOE and thus may be
valuable for monitoring awake patients. TTE should be considered when extended perioperative
haemodynamic monitoring is needed but TOE is not possible.
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Transoesophageal echocardiography (TOE) is valuable for increase in LV systolic dimension (i.e. worsening of systolic
function).perioperative monitoring in patients at risk for haemo-

dynamic disturbance.1 When regional anaesthesia is chosen, After starting CSEA, LV diastolic dimension decreased
without changes in systolic shortening (Fig. 2), and theas is often the case in patients undergoing Caesarean

delivery, TOE is impracticable. We report two cases showing patient’s shortness of breath improved. These observations
were interpreted as a reduction in pre-existing hyper-that transthoracic echocardiography (TTE) can image the

heart during surgery and may be an alternative method of volaemia, and only minimal fluid was given. An estimated
blood loss of 600 ml was replaced with 600 ml lactatedmonitoring in such patients.

Case 1
A 34-yr-old, gravida 1, nulliparous woman was admitted
at 15 weeks gestation with symptoms of congestive heart
failure. She had no history of cardiovascular disease and
early pregnancy was uneventful. TTE assessment showed
dilated cardiomyopathy of unknown origin with impaired
left ventricular (LV) systolic function (fractional shortening
21%) and bilateral pleural effusions. Despite treatment with
digoxin, diuretics, nitrates and dihydralazine, orthopnoea
and shortness of breath increased and fractional shortening
decreased to 12%. Therefore, an urgent Caesarean delivery
was planned at 32 weeks’ gestation. No signs of foetal
distress were present.

After arterial and central venous pressure monitoring
had been started, a combined spinal–epidural anaesthesia
(CSEA) technique was performed. Intrathecal injection of
0.5% hyperbaric bupivacaine 7.5 mg, fentanyl 10 µg and
morphine 0.25 mg, supplemented by 0.5% bupivacaine

Fig 1 TTE of the patient of Case 1. Four-chamber view with apical55 mg injected epidurally resulted in a T6 sensory level.
thrombus in the left ventricle (arrowhead).At onset of anaesthesia, systolic arterial blood pressure

transiently decreased from 140 to 85 mm Hg but then
became steady around 95 mm Hg.

Baseline TTE (2.0/2.5 MHz probe, Sonos 2500, Hewlett
Packard, Andover, MA, USA), which included parasternal
long- and short-axis and apical four- and two-chamber
views, was done before starting anaesthesia. The examina-
tion confirmed the preoperative findings of poor LV function
and showed a fresh thrombus in the apex of the left
ventricle, which had not been seen before (Fig. 1). As soon
as CSEA had been started, LV dimensions and LV function
(fractional shortening) were monitored in the parasternal
long-axis view to control the effect of CSEA and to
guide the quantity and speed of fluid replacement and
administration of vasoactive drugs. The continuous qualitat-
ive assessment was supplemented by repeated quantitative
measurements of LV end-diastolic and end-systolic dimen-
sions and LV shortening fraction (Fig. 2). The strategy was Fig 2 Course of end-diastolic and end-systolic dimensions and fractal
to give intravenous fluids when arterial blood pressure and shortening in the patient of Case 1.
LV diastolic dimension decreased simultaneously, and to
give vasoactive drugs when arterial pressure decreased †Presented in part at the Annual Meeting of the Swiss Society of

Anaesthesia, 1997.without changes in LV diastolic dimension or with an
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Ringer’s solution, and a transient decrease in arterial blood Discussion
pressure was treated with phenylephrine 100 µg. According to the Practice Guidelines for Perioperative

Neonatal outcome was excellent. On the first postopera-
Transoesophageal Echocardiography, an increased risk of

tive day, the epidural catheter was removed after administra-
haemodynamic disturbance during the perioperative period

tion of morphine 3 mg. Anticoagulant therapy with heparin
is a category-II indication for perioperative TOE, indicatingfollowed by coumarin was subsequently started.
that ‘TOE may be useful in improving clinical outcomes’.1The cardiological follow-up visit 3 months after delivery
Our two patients fulfilled these criteria, but the use ofshowed unchanged LV dimensions but improved LV func-
TOE was not feasible because they were awake. Regionaltion (fractional shortening 23%) (Fig. 2). The LV thrombus
anaesthesia was chosen because it is advantageous inhad disappeared and anticoagulant therapy was stopped.
patients undergoing Caesarean delivery who are at increased
risk of aspiration of gastric contents.2Case 2

We show that TTE can be used instead of TOE forA 32-yr-old, gravida 3, para 2 woman was admitted at 39
extended non-invasive haemodynamic monitoring in awakeweeks’ gestation because of known cardiac disease. Six
surgical patients, although the quality of the image mayyears before, bacterial endocarditis had caused severe mitral
be more variable with TTE. TTE facilitated appropriateinsufficiency needing surgical closure of a perforation in
guidance of volume replacement and use of vasoactivethe posterior leaflet of the mitral valve.
drugs.The course of the actual pregnancy was uneventful and

In Case 1, the echocardiographic finding of a decreasewithout any sign of congestive heart failure. Because of a
in LV end-diastolic dimension with unchanged systolicsystolic murmur, TTE was performed and showed severe
function after initiation of CSEA (Fig. 1), with a simultan-mitral insufficiency, dilatation of the left atrium and left
eous decreased shortness of breath, led to the decision toventricle but preserved LV systolic function (fractional
replace blood loss only partially. In addition, the detectionshortening 35%). An elective Caesarean delivery was
of a previously unknown LV thrombus markedly alteredplanned. No signs of foetal distress were present.
postoperative management.After arterial and central venous pressure monitoring had

In Case 2, echocardiographic findings contributedbeen started, CSEA was given. Intrathecal injection of 0.5%
hyperbaric bupivacaine 7.5 mg resulted in a T4 sensory crucially to the decision to administer fluids in order
level. At onset of anaesthesia, systolic blood arterial pressure to compensate for vasodilation caused by sympathetic
transiently decreased from 125 to 90 mm Hg but then blockade3 and for blood loss. Fluid replacement would have
became steady around 120 mm Hg. been stopped had LV dimensions increased, LV function

A complete TTE examination (2–4 MHz probe S4, Sonos worsened or mitral regurgitation increased.
5500) was done when the patient came to the operating As an alternative to TTE monitoring, we considered the
theatre. As soon as CSEA had been started, LV dimensions use of a pulmonary artery catheter, which has been suggested
and function and the grade of mitral regurgitation were for patients with significant cardiovascular disease who are
monitored continuously in the four-chamber view. The grade at risk of haemodynamic disturbance.4 We decided against
of mitral regurgitation was assessed semiquantitatively by this because (1) it is more invasive than TTE, (2) echocardi-
comparing the area of colour Doppler jet with the left atrial ography can provide superior information in haemo-
area and the propagation of the jet into the left atrium. The dynamically unstable patients,5–7 and (3) direct visualization
management plan concerning fluids and the vasoactive of the heart can provide clinically important new information
drugs was the same as described in Case 1. The TTE guided (as with the thrombus in Case 1). Moreover, in critically
haemodynamic management lactated Ringer’s solution

ill patients the use of a pulmonary artery catheter has been
2300 ml and hetastarch 500 ml, giving ephedrine 15 mg)

associated with increased mortality in a recent study.8 In
caused no relevant changes in LV size or mitral regurgitation.

addition, using the same diagnostic technique before, duringThe estimated blood loss was 600 ml.
and after surgery can improve assessment of the course ofNeonatal outcome was excellent. Postoperative analgesia
the cardiac disease (Fig. 2). The importance of postoperativewas done by epidural administration of 0.1875% bupiva-
cardiovascular monitoring in cardiac risk patients is emphas-caine at the rate of 6 ml h–1. On postoperative day one, the
ized by the onset of acute pulmonary oedema on the secondpatient was in excellent clinical condition and TTE showed
day, probably caused by reducing the epidural bupivacainea smaller LV. After decreasing bupivacaine administration
administration, decreasing the sympathetic blockade andon day 2, the patient became dyspnoeic and oxygen satura-
increasing LV pre- and afterload.tion decreased to 88%. Clinical and radiological examination

TTE can be useful for non-invasive perioperative haemo-revealed acute pulmonary oedema.
dynamic monitoring in patients with severe cardiac disease,After starting therapy with angiotensin-converting
and should be considered if extended perioperative haemo-enzyme inhibitors, nitrates and diuretics, the patient’s condi-
dynamic monitoring is indicated but the use of TOE istion improved rapidly and she was discharged on the 10th

postoperative day. impossible.
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Successful resuscitation from recurrent ventricular fibrillation
secondary to butane inhalation
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Resuscitation from cardiac arrest caused by volatile substance abuse is rarely successful. Large
doses of catecholamines given during resuscitation, in the presence of butane, may cause
recurrent ventricular fibrillation. We report a case of prolonged resuscitation in a young man
who had inhaled butane. Cardiac output was restored 10 min after the administration of
intravenous amiodarone. We suggest that antiarrhythmic agents should be used early during
resuscitation to prevent recurrent arrhythmias.
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Volatile substance abuse (VSA) may be defined as the Case report
deliberate inhalation of a volatile substance to achieve a A 17-yr-old male with a 3-yr history of butane abuse was
change in mental state.1 VSA is an important cause of death found collapsed in the street. By his side was a canister of
in those under 20 yr of age. In 1997, VSA accounted for butane lighter fuel. When the paramedical emergency team
1 in 50 of all deaths (or 1.7 deaths per 100 000 population) arrived he was in ventricular fibrillation (VF). They gave
in people aged 15–19 yr in the UK. Most of the deaths are two cycles of the advanced cardiac life support protocol,
caused by inhaled gas fuels. In 1997, 56% of all VSA which included epinephrine 2 mg. On arrival in the emer-
deaths in the UK were associated with butane.2 Butane is gency department he had a carotid arterial pulse that was
found mainly in cigarette lighter refills and is used as an just palpable. He then developed VF again. Advanced life

support continued for a further 40 min. During resuscitationaerosol propellant.
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pressure � 18 mm Hg, pulmonary artery occlusion pres-
sure � 20 mm Hg, systemic vascular resistance index �
2900 dyne s cm–5 m–2 (range 1700–2600). The norepi-
nephrine was stopped and an epinephrine infusion was
started. Episodes of ventricular tachycardia occurred and
an amiodarone infusion was also started.

Subsequent recovery was slow and complicated by acute
renal failure requiring haemodialysis and recurrent pulmon-
ary oedema. Echocardiography showed a hypokinetic apex
and ventricular septum. Fractional shortening was 23%.

At 3 months no neurological deficit was found. Renal
function recovered but creatinine clearance was reduced
(33 ml min–1). Echocardiography showed an apical aneur-
ysm and good left ventricular function. He continues to
abuse volatile substances.

Fig 1 ECG showing an acute anterolateral myocardial infarction.
Discussion
Sudden death after inhalation of volatile substances canhe received epinephrine 16 mg, 8.4% sodium bicarbonate

150 ml, lidocaine 50 mg, 0.9% sodium chloride 3 litres and have a number of mechanisms, including central respiratory
depression and hypoxia, vagal stimulation causing asystole27 DC shocks. After amiodarone 300 mg i.v. had been

given, sinus rhythm was detected but no pulses were felt. and myocardial sensitization to catecholamines resulting
in VF.3Advanced cardiac life support continued and 10 min later

a pulse was felt. Heart rate was 120 min–1 and arterial Acute inhalation of hydrocarbons such as butane can
cause epinephrine-induced cardiac arrhythmias, particularlypressure was 130/70 mm Hg. There was no spontaneous

respiratory effort. He was unresponsive to pain and the if myocardial ischaemia is present.4 Animal studies show
that myocardial sensitivity can persist for hours afterpupils were dilated and unreactive to light. His temperature

was 35°C. Arterial blood gas analysis showed pH 7.22, PO2 inhalant exposure.5 A previous review suggested that
high doses of epinephrine in cases of VF secondary to67.3 kPa, PCO2 6.2 kPa and a base deficit of 9.2 mmol

litre–1 while he was being manually ventilated with a volatile substance abuse may be harmful and cause
recurrent VF.3 We suggest that this patient developed aresuscitation system supplied with oxygen at 15 litre

min–1. Other investigations were: carboxyhaemoglobin primary or secondary VF arrest which was initially
terminated by DC shock. The recurrence of VF may1.7%, blood alcohol �1 mmol litre–1, serum potassium

5.4 mmol litre–1 and magnesium 0.85 mmol litre–1. Urine have been initiated by myocardial ischaemia or infarction,
but large doses of catecholamines and the butane couldtesting was negative for benzodiazepines, amphetamines,

cocaine metabolites, cannabinoids, opiates and methadone. have decreased the threshold for arrhythmias.
Shortly after i.v. amiodarone, sinus rhythm and a cardiacA head CT scan showed no abnormality and ECG showed

an acute anterolateral infarction (Fig. 1). Plasma cardiac output were restored. Amiodarone is a class 3 antiarrhythmic
agent. It blocks potassium channels, thus increasing thetroponin T concentration 12 h later was 27 µg litre�1

(normal level, �0.10 µg litre�1). duration of the action potential in the conducting system
and myocardium. Repolarization is delayed and the max-The patient was admitted to the intensive care unit, where

he remained cardiovascularly unstable, with a heart rate of imum rate of repolarization is decreased. Ventricular activity
from enhanced automaticity, re-entry or pathological after-150 min–1 sinus rhythm, arterial blood pressure of 50/20

mm Hg and central venous pressure of 10 mm Hg. Arterial potentials is suppressed.6 It has the advantage of causing
little or no myocardial depression. Adgey and colleaguesblood pressure did not improve after 4.5% human albumin

solution 500 ml had been given, but central venous pressure recommend administering β-adrenergic antagonists to pro-
tect the catecholamine-sensitized heart.3 However, theseincreased to 15 mm Hg. After an infusion of norepinephrine

had been started, the mean arterial pressure increased to 90 agents have a negative inotropic effect and should be used
with care. Other treatments that could have been consideredmm Hg and heart rate decreased to 110 beat min–1.

Four and a half hours after restoration of cardiac output, include bretylium or further lidocaine. Bretylium can cause
hypotension and vasodilatation. The main value of lidocainethe pupils started reacting to light and sedation was required

to allow mechanical ventilation. is its ability to prevent ventricular arrhythmias. Its role in
assisting defibrillation is less certain.The following morning (13 h after restoration of cardiac

output) a pulmonary artery floatation catheter was inserted Giving 3 litres of 0.9% sodium chloride during immediate
resuscitation could have been unwise, but at this stage theuneventfully. The initial studies were as follows: cardiac

index � 2.28 litre min–1 m–2 (range 2.8–3.5), central venous cause of cardiac arrest was not clear. Hypovolaemia was a
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potential problem. After equilibration between interstitial References
and intravascular compartments, this would cause an 1 Advisory Council On The Misuse Of Drugs. Volatile Substance
increase in intravascular volume of about 1 litre. Abuse. London: HMSO, 1995

This patient had significant renal and myocardial damage 2 Taylor JC, Norman CL, Bland JM, et al. Trends in Deaths Associated
but no apparent neurological deficit. This may indicate With Abuse of Volatile Substances 1971–1997. London: Department
differences in oxygen extraction and consumption in these of Public Health, St George’s Hospital Medical School, 1999

3 Adgey J, Johnson P, McMechan S. Sudden cardiac death andorgans during resuscitation. Butane could perhaps exert a
substance abuse. Resuscitation 1995; 29: 219 – 221neuroprotective effect.

4 Flowers NC, Horan LG. Nonanoxic aerosol arrhythmias. JAMAThe patient had a large anterior myocardial infarction
1972; 19: 33–7and developed an apical aneurysm. A similar event has

5 Taylor GJ, Harris WS. Cardiac toxicity of aerosol propellants.been reported after inhalation of contact adhesive, the
JAMA 1970; 214: 81–5postulated mechanism being coronary artery spasm.7

6 Calvey TN, Williams NE. Antiarrhythmic and antianginal drugs.
Survival after cardiac arrest resulting from volatile sub-

In: Principles and Practice of Pharmacology for Anaesthetists. Oxford:
stance abuse is unusual as most cases are unwitnessed. We Blackwell Science, 1997; 505–35
believe that this is the first report of survival from a 7 Cunningham SR, Dalzell GWN, McGirr P, Khan MM. Myocardial
prolonged VF arrest secondary to butane inhalation with a infarction and primary ventricular fibrillation after glue sniffing.
good neurological outcome.8 In similar cases, the early use BMJ 1987; 294: 739–40
of antiarrhythmic agents such as amiodarone should be 8 Williams DR, Cole SJ. Ventricular fibrillation following butane gas

inhalation. Resuscitation 1998; 37: 43–5considered.
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We report a case of tracheal stenosis in a patient with immune thrombocytopenia who
presented 4 yr after splenectomy. The 20-yr progression of the stenosis and management,
including resection, is charted. The period after resection was complicated by wound infection,
surgical emphysema, mediastinitis and dehiscence of the anastomosis of the trachea. The
management of patients with tracheal lesions is discussed, but concentrates on airway care
after tracheal resection when complications developed. A laryngeal mask airway was used to
stabilize an uncuffed tracheal tube at the site of dehiscence.
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Tracheal stenosis is a rare complication associated with in whom a stenosis was caused by a single short period of
tracheal intubation 20 yr before, is illustrative.tracheal intubation.1 The need to share a compromised

airway during surgical management is a major problem
Case reportfor anaesthetists, and the possible unusual, severe, even

catastrophic complications have implications for those The female patient was referred in 1982 at the age of 21.
She gave a 2–3 yr history of noisy breathing, particularlyinvolved in postoperative care. The progress of a patient,
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on exertion and with respiratory tract infections. She was bronchoscope in position, and ventilation with a Sanders
injector, it proved possible to debride the wound andasymptomatic with normal activity, but shortness of breath

occurred on moderate to severe exertion. Previously, she anastomosis. A naso-gastric tube was passed, and a naso-
pharyngeal suction system established. A tracheostomy tubehad a Ramstedt’s pyloromyotomy for infantile pyloric

stenosis, and, 3 yr before presentation, had a splenectomy through the wound into the trachea proved too long and
unreliable, so a 6.0-mm cuffed oral tracheal tube was placedfor idiopathic thrombocytopenia. On examination, she had

mild stridor on forced inspiration and expiration. Reduced central to the defect under direct vision through the wound
and the wound packed with providone iodine on gauze.lung volumes and flow volume loops suggested moderately

severe extra-thoracic, large airway obstruction. At rigid The tube proved satisfactory for a time but because
of the short trachea remnant, the cuff obstructed the rightbronchoscopy, a stenosis was found 2 cm below the vocal

cords which reduced the tracheal lumen by ~50%. This was main bronchus, precipitating several short hypoxic incidents.
It was also thought that the inflated cuff would furtherdilated with bougies until a small adult bronchoscope could

be passed easily. Symptomatically, she was improved. contribute to the delay in the healing of the trachea.
Clearly, the position of the tip of the tracheal tube wasIn response to the periodic development of symptoms

(increasing dyspnoea), she underwent a further seven rigid critical. Once again, the airway was secured central to the
anastomosis with a rigid bronchoscope. A bougie wasbronchoscopic dilatations over the next 10 yr. By 1991,

bronchoscopic dilatation was required with increasing passed into the trachea through the bronchoscope and 5.0-
mm uncuffed, microlaryngeal tube (MLT) ‘rail-roaded’ intofrequency. Stridor and dyspnoea were more severe, and she

was having difficulty expectorating. A second stricture had position. In order to support and splint the tube, a size 3,
laryngeal mask airway (LMA), shortened by 7 cm, wasdeveloped. Carbon dioxide laser treatment was attempted

as well as the usual dilatations. ‘rail-roaded’ over it and the cuff inflated with 20 ml of air.
The cuff of the LMA was deflated for 5 min h–1 to lessenOver the next 2 yr, her condition deteriorated. Three

areas of tracheal narrowing were seen on a nuclear magnetic the risk of pressure trauma to the pharynx.
HFPPV was recommenced via the MLT and continuedresonance tomogram. The first was located 4 cm below

the vocal cords, extended 2–4 cm centrally and reduced the for 6 days. Plastic surgery reconstruction of the trachea was
then conducted using pectoralis major muscle flaps. Afterlumen to 0.5 cm. A second was located at the level of

the third thoracic vertebrae. A third was at the entrance to a further 5 days, using the same airway and ventilation
system, it was possible to dispense with the LMA andthe left main bronchus. It was felt that tracheal resection

was indicated. insert a cuffed 7.0-mm tracheal tube to allow conventional
weaning. On day 27, she was discharged from the ITU andThe operation was performed through a cervical incision

that was extended over the upper sternum. A 5-cm length returned home 4 weeks later with a residual left vocal cord
palsy and a small tracheo-cutaneous sinus which was leftof trachea was resected and the trachea reanastomosed end-

to-end. A total i.v. technique of anaesthesia was used to close spontaneously.
A month later, she presented with respiratory distresswith propofol, atracurium for neuromuscular block, and

additional administration of fentanyl and morphine. The due to further tracheal narrowing and had a tracheal stent
inserted. To date, she has required several further admissionsairway was secured with a 6.0-mm reinforced, cuffed oral

tracheal tube with the tip beyond the main narrowing. for rigid bronchoscopy, insertions of tracheal stents and for
dilatation, one of which was complicated by a pneumo-During dissection and resection around the tube, a jet

ventilator2 was used. At the end of surgery, her head was thorax. Her day-to-day activities are restricted and her lung
function tests are now 50% of predicted. The left mainheld in flexion with a restraint and by suturing her chin to

her chest. She was transferred to the intensive care unit, bronchus, now almost extrathoracic, is severely narrowed
and has recently become impossible to cannulate with aintubated, sedated and was ventilated for 12 h with a Penlon

high-frequency jet ventilator at a rate of 100 per min and bronchoscope though it continues to be possible to dilate it
with a gum elastic bougie.a driving pressure of 15 psi. She was extubated the

following day.
On postoperative day 6, wound dehiscence occurred close

to the site of the tracheal anastomosis and she developed
Discussionsurgical emphysema and signs of mediastinitis. She was

reintubated, conventional positive pressure ventilation was Postintubation lesions continue to be the principal indication
for tracheal resection and reconstruction1 though the preval-started, and repeated courses of antibiotics prescribed. On

day 10, the wound was explored. A large air leak developed ence has been reduced since the 1980s when the use of
tracheal and tracheostomy tubes with high-volume, low-and mechanical ventilation of the lungs became impossible.

Rigid bronchoscopy was performed. A defect involving pressure cuffs became routine. The aetiology of the stenosis
in this case is speculative, but there is a clear temporal30% of the tracheal diameter at the site of the anastomosis

was seen with copious secretions beyond. With the rigid association with the splenectomy operation. It has not
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proved possible to find the details of the anaesthetic for site of the lesion relate to safeguarding the airway on
induction of anaesthesia, during resection, reconstructionthat occasion but there is no suggestion that any untoward
and after operation.6events, such as hypotension, occurred or that the procedure

By fixing a MLT tube to a shortened LMA, we ensuredwas complicated or prolonged. However, given the era, it
that the tip did not move from its critical position onceis likely that a high-pressure cuff tube was used and possible
the tracheal dehiscence had occurred. The inflated cuffthat it would have been of red rubber. Because of the rarity
of the LMA offered some protection of the larynx andof this complication, even when red rubber tubes were
upper trachea from aspiration of secretions from theroutine, and its aggressive nature, we consider that the
oesophagus and the oro-pharynx. Some suctioning of thebackground problem of the idiopathic thrombocytopenia,
larynx was possible through the LMA with a smalland the concomitant use of steroids,1 are likely factors in
catheter. In addition, the LMA served as a conduit forthe pathogenesis and her propensity to develop airway
expiration and reduced the risk of increased expiratorystenoses following minor and uncomplicated instru-
resistance and accidental PEEP developing from thementation.
HFPPV.The therapeutic options for patients who were sympto-

The morbidity of tracheal resection is significant andmatic with benign airway lesions were dilatation and
includes the potential for life-threatening dehiscence.surgery.1 Later, lasers were used but largely now are
Although the fundamental problem is the poor vascularitydiscredited for benign inflammatory lesions because of the
and healing properties of tracheal and bronchial anastom-potential to increase the scarring and only indicated when
oses, it is likely that the presence of an inflated trachealstrictures are web-like. Tracheo-bronchial stents and balloon
cuff close to the anastomosis may contribute. If such isdilatation are more recent therapeutic developments.3 4

the case, we suggest that the use of a LMA to supportFor this patient, periodic rigid bronchoscopy and bougie
a small uncuffed tube for the delivery of HFPPV maydilatation proved adequate for many years and were enough
reduce the trauma and in some measure reduce theto tide the patient through an uncomplicated general anaes-
incidence of one of the fearsome complications of trachealthetic for a Caesarean section. A Caesarean section, after
resection.her tracheal resection, was conducted without problem with

a spinal anaesthetic. The use of a rigid bronchoscope to
Referencesresolve the various conflicts between operator and anaesthet-
1 Grillo HC, Donahue DM. Postintubation tracheal stenosis. Chestist in the airway has been fundamental to techniques that
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Microalbuminuria is increasingly recognized as a marker of pathologies that cause acute systemic
capillary leak. We report a case of an anaphylactic reaction to general anaesthesia involving
cardiac arrest. In this case the urinary excretion of albumin following resuscitation suggests
that severe anaphylaxis is another condition for which microalbuminuria is a sensitive monitor.
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Microalbuminuria secondary to systemic capillary leak is Case report
increasingly recognized in association with a number of A 14-yr-old male, weighing 62 kg presented for surgery to
acute medical and surgical conditions. We present a case release axillary contractures. Fourteen months previously
of drug-induced anaphylaxis in which serial measurement the patient had sustained a 58% body surface area electrical
of urinary albumin was made during resuscitation and burn and prior to this procedure he had already received
subsequent intensive care. The potential role of microalbum- 15 general anaesthetics, involving the uneventful adminis-
inuria as a sensitive monitor of the systemic inflammatory tration of atracurium and morphine (both 11 times) and
response is discussed. ondansetron (four times). Physically he was left with a

Fig 1 Urine albumin excretion and haemoglobin following anaphylaxis and resuscitation. The fluid resuscitation block indicates volume loading with
crystalloid and colloid in addition to normal maintenance requirements.
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below knee amputation and upper body contractures, but Glasgow Coma Score was 9 on discharge from the ITU,
and a computerized tomographic scan of his brain performedwas otherwise well. On admission to hospital, physical

examination of his airway and cardio-respiratory system 6 days post-arrest was reported as normal although electro-
encephalograms performed at 6 and 16 days post-incidentwere unremarkable. Arterial pressure and heart rate (sinus

rhythm) were both within normal limits. Preoperative serum demonstrated changes consistent with global cerebral
hypoxia.electrolyte and urea concentrations were normal (potassium

4.1 mmol litre–1) and haemoglobin concentration was 13.8 g One month after discharge from ITU in vivo allergy tests
to skin prick and intradermal injection were performed todl–1 (haematocrit 41%). He was not taking any medication.

Unpremedicated induction of anaesthesia occurred with up identify sensitivity to a range of other neuromuscular
blockers. The patient was subsequently issued with ato 8% servoflurane and 40% nitrous oxide in oxygen, during

which oxygen saturation and ECG were monitored. After medical alert bracelet and a ‘statement of clinical events’,
including a list of the drugs involved in this incident andloss of consciousness an i.v. cannula was inserted and

ondansetron 4 mg, morphine 3 mg and atracurium 30 mg the results of the in vivo tests. He was discharged to
neurological follow up and at the time of writing has madegiven in sequence and flushed with normal saline. An initial

brief period of resistance to hand ventilation with a bag a substantial neurological recovery.
and mask was immediately followed by rapid arterial
oxygen desaturation, from 97% to 75% with an associated

Discussionsinus bradycardia of 50 beat min–1. The trachea was
intubated immediately and hand ventilation continued with This patient’s clinical presentation, response to treatment

and the subsequent serum tryptase analysis strongly support100% oxygen, while glycopyrrolate 0.2 mg was adminis-
tered i.v. In spite of these measures the patient became a diagnosis of anaphylaxis from a type 1 hypersensitivity

reaction. The tryptase levels documented in this patient arepulseless, and external chest compression was started.
After a 20-min period of resuscitation involving the rarely seen without anaphylaxis,1 and furthermore the time

course of the decline in the serum tryptase is also consistentadministration of 2 litres of normal saline, epinephrine 3 mg
(three bolus injections of 1 mg) and atropine 3.6 mg with systemic mast cell degranulation at the time of cardio-

vascular collapse.2(0.6 mg � one 3 mg bolus), a sinus tachycardia (160 beat
min–1) rhythm was restored with an arterial pressure of Mast cell degranulation does occur as a direct pharmaco-

logical action of narcotics, especially morphine. However,100/60 mm Hg. Arterial blood-gas analysis immediately
post-resuscitation revealed H� 73.8 nmol litre–1, PaCO2

in such cases the serum tryptase is only moderately elevated.
Type I hypersensitivity to morphine may also occur and5.14 kPa and PaO2

62.3 kPa with a base excess of
–16 mmol litre–1. The haemoglobin had risen to 18.1 g dl–1 the possibility of this ‘dual’ histamine release makes the

interpretation of subsequent intradermal testing problematic.(haemotocrit 53%).
The patient was sedated with propofol and transferred to Hypersensitivity to ondansetron is relatively rare,3 and to

our knowledge there are still no reports of suspectedthe intensive care unit (ITU) for mechanical ventilation and
stabilization of his condition. On admission to ITU, arterial anaphylaxis to inhalation agents.

Anaphylaxis from neuromuscular blocking drugs isblood-gas analysis revealed a metabolic acidosis, H�

67.3 nmol litre–1, PaCO2
5.19 kPa and PaO2

65.24 kPa with responsible for the majority of anaesthesia-related reac-
tions,4 and cross-sensitivity between neuromusculara base excess of –14.5 mmol litre–1 and a chest x-ray

showed evidence of pulmonary oedema but was otherwise blocking drugs occurs in up to 60% of patients5 so that
determination of safe drugs for future anaesthesia is anormal. At this time the patient was noted to have a pink

rash, and serial blood and urine samples were taken to priority in the investigation of the patient. The subsequent
investigation of our patient followed published guidelines6investigate the cause of his collapse.

Serum tryptase activities (reference range 4–14 µg in an effort to determine safe alternatives to atracurium.
The systemic inflammatory response syndrome (SIRS) islitre–1) immediately after the cardiac arrest, and 3 and 24 h

later were �200, 151 and 39.5 µg litre–1, respectively. recognized as a non-specific and generalized response to a
variety of traumatic and infective pathologies. Studies inHourly capillary permeability was assessed by urine albumin

excretion rates (reference range �9.1 µg min–1), which 1 h trauma and burn patients have demonstrated that the severity
of injury and subsequent development of SIRS correlatespost-arrest, and after 3 and 15 h, respectively were 563,

1006 and 6.1 µg min–1 (Fig. 1). The immediate post- positively with an increase in urine albumin excretion
(microalbuminuria),7 8 detectable only by sensitive immuno-resuscitation haemoglobin of 18.1 g dl–1 (a finding consistent

with an initial shift of protein and water into the interstitial assay. Microalbuminuria is defined as a spot urinary albumin
concentration of 30–200 mg litre–1, or alternatively as anspace) had fallen to 11.0 g dl–l 5 h later after further fluid

resuscitation (Fig. 1). The patient’s lungs were ventilated excretion rate greater than 9.1 µg min–1.9 It is a feature of
such diverse conditions as elective aortic aneurysm surgery,for 3 days during which the only biochemical abnormality

was a slowly resolving metabolic acidosis. All sedation was pancreatitis, bacterial meningitis and myocardial infarc-
tion.10 The underlying mechanism is loss of capillarythen discontinued until he could be extubated safely. His
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prognostic value. Confirmation of this possibility in other Hosp Med 1995; 54: 285–90
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