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Arterial Air Embolism during Anesthesia for Percutaneous Pulmonary
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RESUMO

Rodrigues MR, Saraiva RA - Embolia Aérea Arterial durante
Anestesia para Marcagao Percutanea de Nédulo Pulmonar.
Relato de Caso

Justificativa e Objetivos - A embolia aérea arterial é uma
complicagdo que pode ocorrer durante diversos tipos de
procedimentos cirurgicos e esta relacionada a alta incidéncia
de morbidade e mortalidade. O objetivo deste relato é mostrar
um caso de embolia aérea arterial durante anestesia geral para
marcagdo percutdnea de ndédulo pulmonar guiada por
tomografia computadorizada.

Relato do Caso - Paciente de 33 anos, do sexo masculino,
estado fisico ASA I, foi submetido a marcagdo percutanea de
nédulo pulmonar (provavel metastase de tumor de células
gigantes do fémur) com agulha gancho, sob anestesia geral. A
indugdo anestésica foi realizada sem dificuldades e com o
paciente em decubito lateral direito, o procedimento foi
iniciado. Apo6s a instalagdo do gancho, enquanto os cirurgiées
verificavam seu posicionamento com novas imagens de
tomografia, foram observadas hipotensdo arterial e
bradicardia, seguidas de assistolia. Foram realizadas
manobras de reanimagdo, drenagem toracica e
ecocardiografia transtoracica. Em um dos cortes tomograficos
mais recentes foi visualizada presenga de ar no interior da
aorta descendente. Apés 15 minutos de reanimagdo houve
reversao do quadro. O paciente foi encaminhado a UTI e 6 dias
apos recebeu alta hospitalar sem seqlielas.

Conclusées - A embolia aérea arterial € uma complicagdo de
varios procedimentos e na maioria deles o paciente esta sob
anestesia geral. O anestesiologista deve estar preparado para
reconhecer as alteragbes envolvidas e fazer o diagndéstico
diferencial. A instituigdo de medidas terapéuticas oportunas e
adequadas sdo fundamentais para a redugdo da morbidade e
da mortalidade decorrentes deste evento.
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SUMMARY

Rodrigues MR, Saraiva RA - Arterial Air Embolism during
Anesthesia for Percutaneous Pulmonary Node Location. Case
Report

Background and Objectives - Arterial air embolism is a com-
plication that may occur during several surgical procedures and
is associated to a high morbidity and mortality rate. This report
aimed at presenting a case of arterial air embolism during gen-
eral anesthesia for percutaneous CT-guided location of a pul-
monary node.

Case Report - Male patient, 33 years old, physical status ASA
1, was submitted to percutaneous location of a pulmonary node
(probably a femoral giant cell tumor metastasis) with the
hook-wire technique under general anesthesia. Anesthesia
was induced without difficulties and the procedure was started
with the patient in the right lateral position. After hook insertion,
while the surgeons checked its positioning with CT images, ar-
terial hypotension and bradycardia followed by asystole was
observed. Cardiopulmonary resuscitation maneuvers, thoracic
drainage and transthoracic echocardiography were performed.
The presence of air in the descending aorta was seen at a later
CTimage. Cardiac arrest was reversed 15 minutes after resus-
citation maneuvers. Patient was referred to the ICU and dis-
charged 6 days later without sequelae.

Conclusions - Arterial air embolism is a complication of differ-
ent procedures most of them performed with the patient under
general anesthesia. Anesthesiologists must be prepared to rec-
ognize involved problems and make the differential diagnosis.
Suitable and adequate treatment is critical to decrease morbid-
ity and mortality associated to this event.

KEY WORDS: COMPLICATIONS: air embolism

INTRODUGAO

Aembolia aérea arterial € comumente descrita como uma
complicagdo de procedimentos com circulagao extra-
corporea ou de trauma toracico 2.

Foram relatados varios casos de embolia arterial sistémica
em pacientes submetidos a bidpsia, por agulha, de lesbes
pulmonares sob anestesia geral e ventilagdo com pressao
positiva 24,

Oobjetivodesterelatoé apresentarumcasode embolia arte-
rial sistémica com colapso cardiovascular em um paciente
submetido a marcacgéao percutanea de noddulo pulmonar sob
anestesia geral.

RELATO DO CASO

Paciente do sexo masculino, 33 anos, portador de tumor de
células gigantes no fémur direito tratado cirurgicamente,
apresentando a tomografia computadorizada (TC) de torax,
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nodulo na regido basal do lobo pulmonar inferior esquerdo,
sugestivo de metastase.

Foi indicada marcacéo percutanea do nédulo com agu-
Iha-gancho guiada por TC seguida de ressecgao cirurgica
por toracoscopia video-assistida.

Na consulta pré-anestésica ambulatorial foi classificado
como estado fisico ASA Il devido a patologia cirdrgica. Nao
estava em uso de medicamentos. Apresentava anteceden-
tes de anestesia geral e peridural sem intercorréncias. Os
exames laboratoriais pré-operatoérios estavam dentro da
normalidade.

Foipropostaanestesiageralbalanceadano setorde radiolo-
gia. Apos a marcacéao do nédulo seria encaminhado ao cen-
tro cirargico para ser submetido a ressecc¢éo por toracosco-
pia.

Navisitapré-anestésicaapresentavaniveis pressoricos ele-
vados, apesar de ndo haver relato de hipertensao arterial. O
procedimento nao foi adiado por se tratar de cirurgia oncolé-
gica (provavel metastase).

Como medicagao pré-anestésica foram administrados, por
via oral, 10 mg de diazepam na noite anterior e 15 mg de mi-
dazolam 30 minutos antes da indugéo anestésica.

Apods monitorizagao com ECG continuo, oximetro de pulso e
aparelho de presséo arterial ndo-invasiva, foi realizada veno-
clise comcateter 16Gnomembrosuperiordireito. Apds oxige-
nacao prévia foi feita indugdo venosa com etomidato (0,3
mg.kg™"), fentanil (5 ug.kg™") e vecurdnio (0,1 mg.kg™), larin-
goscopiaeintubagéo traqueal com tubo Robert Shaw esquer-
don®35F. Amanutencéao da anestesia foi feita comisoflurano
(0,521 CAM), F/O,de 60% (mistura de oxigénio e ar atmosfé-
ricoa 1:1 L.min'1) em ventilagdo controlada mecénica.
Com o paciente emdecubito lateral direitoforam iniciados os
cortes tomograficos preliminares para localizagdo do nédu-
lo,comospulmdeseminspiracao sustentada. Emseguida, o
cirurgidorealizou a marcagao do nédulo com gancho padrao
introduzido através de agulha20G (0,9 mm x 9cm) (U.S. Bi-
opsy, Franklin, IN), conforme os parametros obtidospela TC.
Durante a verificagdo do posicionamento do gancho, com
novas imagens tomograficas dos pulmdes insuflados, o pa-
ciente, que vinha mantendo estabilidade hemodinémica e
ventilatoria, apresentou subitamente hipotenséo arterial
grave (54 x 30 mmHg), bradicardia e diminuigdo da PerCO..
Oquadroevoluiurapidamente paraassistolia, quando foram
iniciadas as manobras de reanimacgéao, com ventilagéo con-
trolada manual, com FiO, de 100%, e massagem cardiaca
externa.

Foiobservada presencga de secregédo sanguinolenta nointe-
riordo tubo, noramo brénquico. Concomitante as manobras
de reanimacao, foi realizada drenagem do hemitérax es-
querdo sem evidéncia de pneumotérax nem hemotoérax.
Nareavaliagdo das imagens da TC mais recentes, foi possi-
vel avisualizagao de ar no interior da aorta descendente (Fi-
gura 1).

O paciente foicolocado na posi¢ao de cefalodeclive e os pro-
cedimentos de reanimagéao continuados. Apos aproximada-
mente 15 minutos de reanimagéo observou-se atividade elé-
trica (taquicardia sinusal) e presencga de pulso em grandes
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Figura 1 - Imagem da tomografia computadorizada mostrando cor-
te no nivel de T10 onde estao visiveis o lobo direito do figado
(clara), as bases pulmonares e a bolha gasosa do estdbmago
(escuras) e o corpo vertebral (clara). No interior da aorta (ima-
gem redonda clara), situada entre o corpo vertebral e o figado,
pode ser vista a bolha de ar (escura)

artérias. Nototal, foramadministrados 4 mgde epinefrinaem
doses fracionadas e 0,5 mg de atropina, por via venosa.
Foirealizada ecocardiografia transtoracica, que ndo eviden-
ciou presenca de ar nas camaras cardiacas nem nos gran-
des vasos.

Foi iniciada infusdo de dopamina (3 pg.kg‘1.min‘1) pela veia
jugular externa esquerda.

Trinta minutos apds o restabelecimento do ritmo cardiaco e
dacirculagéo, o paciente comecou a apresentardegluticdoe
movimentos respiratorios. As pupilas estavam médias, iso-
coricas e fotorreagentes.

Apds sedagao e curarizagéo, o tubo de duplo lumen foi subs-
tituidoporum ssimples e o paciente encaminhado, hemodina-
micamente estavel e em ventilagdo controlada manual, a
unidade de terapia intensiva (UTI).
SeishorasapodsaentradanaUTI,opaciente apresentava-se
intubado,emdesmamedaventilacdo mecénica, semdrogas
vasoativas e semsedacao. Ao exame estavaalerta, comuni-
cando-se coerentemente com o examinador, sem sinais de
alteracdes cognitivas ou qualquer outro déficit neurologico.
Foi extubado no dia seguinte.

Dois dias apés, foi submetido a toracotomia para ressecgao
do nédulo e do gancho, tendo recebido alta hospitalar no 4°
dia do pés-operatério.

DISCUSSAO

A cirurgia toracoscopica video-assistida € uma alternativa
menos invasiva a toracotomia convencional pararessecgao
de nodulos pulmonares periféricos °. Aprincipal limitagéo da
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técnica é a dificuldade de localizagdo do nodulo alvo 5.
Entre os varios métodos propostos, um dos mais eficientes é
amarcacao pré-operatdria do nédulo com uma agulha-gan-
cho guiada por tomografia computadorizada .
Nalliteratura, atécnicaé consideradaseguraerelacionadaa
baixamorbidade,comadescricdode complicagdes relativa-
mente leves como pneumotdrax e pequenas hemorragiasin-
trapulmonares 7.

A ocorréncia de embolia arterial sistémica durante biépsia
pulmonar aberta e percutanea ja foi relatada 2*.
Procedimentos percutaneos com agulhas 20G ou de menor
calibre sdoconsiderados seguros, apesarde existirrelatode
embolia aérea cerebral apds aspiragéo transtoracica com
agulha 23G 232,

Em relagdo ao manuseio da anestesia, a técnica cirurgica
nao requer procedimentos ou cuidados diferentes dos ne-
cessarios na cirurgia toracica convencional. Apossibilidade
deocorreremcomplicagdes impde anecessidade de vigilan-
ciaconstante eoconhecimentodoseventosquedeveraoser
cogitados no diagndstico diferencial.

O reconhecimento da embolia aérea arterial no paciente
anestesiado é sugerido pela observagao de colapso cardio-
vascular e de secre¢do sanguinolenta e espumosa no circui-
to ventilatério ',

Aprincipal ameaca da presenga de ar no sistema arterial é o
riscode embolizagao paraacirculagado coronarianaou cere-
bral. A embolizagdo de ar para as artérias coronarias pode
ser fatal, porque a interrupgéo do fluxo sangiiineo pode de-
sencadeardisritmias induzidas pelaisquemia, infarto do mi-
ocardioouambos. No casodacirculagédo cerebral,aembolia
aérea pode causar isquemia cerebral, podendo ocorrer de
alteragdes neuroldgicas transitérias, que duram dias, a in-
farto cerebral completo .

Os exames complementares que auxiliam no diagndstico
sdo a ecocardiografia e o doppler transtoracico, transesofa-
gico e transcraniano 2.

O exame fundoscoépico daretina pode revelara presengade
ar no interior dos vasos.

A diminuigado abrupta do CO; expirado pode ocorrer como
consequéncia da diminuigdo do débito cardiaco 2

Tomografiadetéraxcomimagemde arintravascularouintra-
cardiaco em paciente vivo nunca foi relatada 2

Otratamento depende do 6rgdo envolvido. Neste caso, o pa-
ciente apresentou colapso cardiovascular provavelmente
devidoaocomprometimentodacirculagdo coronariana. Ate-
rapia consiste em restabelecer a contratilidade miocardica,
emremovero ar quando for possivel e em tratamentoime-
diato com oxigénio hiperbarico, parareduzir o volume das
bolhas nacirculagéo periférica. Utilizam-se tambémagen-
tes inotropicos para elevar a pressao aértica, especial-
mente a diastdlica, e incrementar a perfusao através das
coronarias parcialmente obstruidas 3,

Na embolia cerebral, a oxigenioterapia hiperbarica pode re-
duzir a quantidade de ar nos tecidos e o deficit neurologico.
Outras medidasincluem o uso de anti-convulsivantes, corti-
costerdides e anti-agregantes plaquetarios °.
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Este paciente ndo apresentou nenhuma seqtiela neurolégi-
caevidente. Odecubitolateral direito pode terfacilitado a mi-
gragao do ar embolizado pela curva interna do arco aértico
sem ascender para a circulagao cerebral.

Durante atoracotomia aqual o paciente foi submetido poste-
riormente, foi observado que o gancho havia atravessado
umbrénquiosub-segmentar, noseutrajetoaté onodulo. Pro-
vavelmente a passagem do gancho promoveu a comunica-
caodobrénquiocomavasculaturaadjacente eaconsequen-
te penetragdo de aremumaveia pulmonare no atrio esquer-
do durante a inspiragédo com pressao positiva, quando a
pressao para inflar o alvéolo era maior do que a presséo da
veia pulmonar. Na expiragéo, a pressao venosa pulmonar
maior que a pressao intra-brénquica, permitiu a passagem
de sangue para a via aérea e para o tubo.

Aembolia aéreaarterial pode ocorrer emvarias circunstan-
cias, incluindo cirurgia cardiaca?, injecdes arteriais '°, posi-
cionamento de cateter venoso central "', laparoscopia '?, ci-
rurgia toracica '3, entre outras.

E fundamental para o progndstico do paciente que os profis-
sionais que lidam com procedimentos com potencial para
estacomplicagdoestejampreparados pararealizardiagnos-
tico precoce einstituirrapidamente as medidas terapéuticas
recomendadas.

Arterial Air Embolism during Anesthesia for
Percutaneous Pulmonary Node Location.
Case Report

Ménica Rossi Rodrigues, M.D., Renato Angelo Saraiva,
TSA, M.D.

INTRODUCTION

Arterial air embolism is often described as a complication of
cardiopulmonary bypass procedure or chest trauma 2.
Several systemic air embolism cases were reported in pa-
tients submitted to needle biopsy of pulmonary lesions under
general anesthesia and positive pressure ventilation 2.
Thisreportaimed at presenting a case of systemic arterial air
embolismwith cardiovascularcollapseinapatientsubmitted
to percutaneous location of a pulmonary node under general
anesthesia.

CASE REPORT

Male patient, 33 years old, suffering from a surgically treated
giantcelltumorintherightfemur, presentedatchest CT-scan
a node in the basal region of the lower left pulmonary lobe
suggestive of a metastasis.

Percutaneous node location with a CT-guided hook-wire fol-
lowed by video-assisted thoracoscopy was indicated.
Patient was classified as physical status ASA Il at
preanesthetic evaluation due to surgical pathology. Patient
was notusingdrugs and had a history of epiduraland general
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anesthesia without intercurrences. Preoperative lab tests
were normal.

Balanced general anesthesia in the radiology room was pro-
posed. After node location, patient would be transferred to the
operatingcentertobe submitted tothoracoscopicresection.
At preanesthetic evaluation patient presented high blood
pressure levels, however without arterial hypertension. Pro-
cedure was not postponed due to its oncologic nature (possi-
ble metastasis).

Patientwas premedicated with 10 mg oral diazepam the eve-
ning before the procedure and 15 mg midazolam 30 minutes
before anesthetic induction.

After continuous ECG monitoring, pulse oximetry and
non-invasive blood pressure, a 16G catheter was inserted in
the right upper limb. After previous oxygenation, anesthesia
was induced with etomidate (0.3 mg.kg™), fentanyl (5
ug.kg™") and vecuronium (0.1 mg.kg™), followed by
laryngoscopy and tracheal intubation with a left 35F Robert
Shaw tube. Anesthesia was maintained with isoflurane (0.5
to 1 MAC), 60% F,0, (mixture of oxygen and atmospheric air
at 1:1 L.min™") in mechanically controlled ventilation.
Preliminary CTimageswere started with the patientintheright
lateral position to locate the node, with lungs in sustained in-
spiration. Node was then marked by the surgeon with a stan-
dardhookinsertedthrougha20G needle (0.9mmx9cm)(U.S.
Biopsy, Franklin, IN), according to CT parameters.

While checking hook’s position with new CT images of in-
flated lungs, the patient, who was maintaining hemodynamic
andventilatory stability, presented asudden and severe arte-
rial hypotension (54 x 30 mmHg), bradycardia and PgtCO,
decrease, rapidly evolving to asystole. Resuscitation ma-
neuvers were started with manually controlled ventilation
with 100% F,0, and external cardiac massage.

Abloody secretion was observed inside the bronchial tube. To-
gether with resuscitation maneuvers, left hemithorax was
drained without evidence of pneumothorax or hemithorax.
LaterCTimagesrevealedairinthedescendingaorta (Figure 1).
The patientwas placed inthe head-down position and resusci-
tation procedures continued. After approximately 15 minutes
electric activity (sinusal tachycardia) and pulse in large arter-
ies were observed. In total, 4 mg epinephrine in fractional
doses and 0.5 mg intravenous atropine were administered.
Transthoracic echocardiography did not reveal air in heart
chambers or great vessels.

Dopamine (3 ug.kg™'.min"")was administered through the left
external jugular vein.

Thirty minutes after cardiac rhythm and circulation recovery,
patient started swallowing and presented respiratory move-
ments. Pupils were medium, isochoric and photo-reacting.
After sedation and curarization, the double-lumen tube was
replaced by a single-lumen tube and patient was referred to
the intensive care unit (ICU) hemodynamically stable and in
manually controlled ventilation.

Six hours after entering the ICU, patient was still intubated,
weaning mechanical ventilation, without vasoactive drugs or
sedation. Patientwas alert, consistently communicating with
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Figure 1 - CT T 10 image showing liver right lobe (light), pulmonary
bases and stomach gaseous bulla (dark) and vertebral body
(light). Air bubble may be observed (dark) within the aorta
(round light image), located between the vertebral body and
the liver

the investigator, without cognitive changes or any other neu-
rological deficit. Patient was extubated the next day.
Thoracotomy for node resection and hook removal was per-
formed two days later and patient was discharged in the 4t
postoperative day.

DISCUSSION

Video-assisted thoracoscopy is a less invasive alternative to
conventional thoracotomy for peripheral pulmonary node re-
section °. Major limitation is the difficulty in locating the tar-
get-node 67, Among several proposed procedures, one of the
most efficient is preoperatively marking the node with a
CT-guided hook-wire °7. The technique is considered safe
and of low morbidity with relatively mild complications such as
pneumothorax and minor intrapulmonary hemorrhages °”.
Systemic arterial airembolism during open and percutaneous
pulmonary biopsy has already been reported 4
Percutaneous procedures with 20G needles or below are
considered safe, although there is areport of brain airembo-
lism after transthoracic aspiration with a 23G needle 28,
Asto anesthesia, the surgical technique does not require dif-
ferent care or procedures from those needed in a conven-
tional thoracic surgery. The possibility of complications man-
dates continuous surveillance and the knowledge of the
events to be considered in the differential diagnosis.
Arterial airembolismidentificationinanesthetized patientsis
suggested by the observation of cardiovascular collapse and
bloody and bubbly secretion in the ventilation circuit .
Amajorthreatofthe presence of airin the arterial systemis the
risk of embolization to coronary or brain circulation. Air
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embolization to coronary arteries may be fatal because the in-
terruption of blood flow may trigger ischemia-induced
arrhythmias, myocardialinfarction orboth. Inbraincirculation,
air embolism may cause brain ischemia with transient neuro-
IogicalchangesIastingfordaysoreventotalbraininfarction1.
Tests helping in the diagnosis are echocardiography and
transthoracic, transesophagealandtranscranialdoppler .
Retina funduscopy may reveal the presence of air within the
vessels.

Sudden expired CO, decrease may be seen as a conse-
quence of cardiac output decrease 2

Chest CT images with intravascular or intracardiac air have
never been reported in live patients 2.

Treatment depends on the involved organ. In our case, pa-
tient presented cardiovascular collapse probably due to cor-
onary circulation involvement. Therapy consists in reestab-
lishing myocardial contractility, removing the air when possi-
ble and immediate hyperbaric oxygen treatment to decrease
the volume of bubbles in the peripheral circulation. Inotropic
agents are also used to increase aortic pressure, especially
diastolic, and improve perfusion through partially obstructed
coronary arteries °.

Inbrainembolism, hyperbaric oxygen therapy may decrease
theamountofairinthetissues and neurological deficit. Other
measures include anti-convulsants, steroids and anti
platelet aggregation agents 3.
Ourpatienthadnoapparentneurological sequelae. Rightlat-
eral position may have helped migration of embolized air
through the internal curve of the aortic arch without ascend-
ing to brain circulation.

During thoracotomy, to which the patient was submitted later,
it was observed that the hook had crossed a sub-segmental
bronchus inits pathway toward the node. Itis possible that the
hook has promoted a communication of the bronchus with ad-
jacent vasculature and the consequent penetration or airin a
pulmonary vein and in the left atrium during positive pressure
inspiration, when the pressure to inflate the alveolus was
higher than the pulmonary vein pressure. At expiration, ve-
nous pulmonary pressure higher than intra-bronchial pres-
sure has allowed blood to migrate to airways and the tube.
Arterial air embolism may occur in different circumstances,
including heart surgery °, arterial injections '°, central ve-
nous catheter positioning "', laparoscopy '? and thoracic
surgeries >, among others.

Itis critical for patients’ prognosis that professionals dealing
with procedures potentially risky for such complications be
prepared for early diagnosis and prompt treatment.
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RESUMEN

Rodrigues MR, Saraiva RA - Embolia Aérea Arterial durante
Anestesia para Marcacion Percutanea de Nodulo Pulmonar.
Relato de Caso

Justificativa y Objetivos - La embolia aérea arterial es una
complicaciéon que puede ocurrir durante diversos tipos de
procedimientos quirdrgicos y esta relacionada a la alta
incidencia de morbidad y mortalidad. El objetivo de este relato
es mostrar un caso de embolia aérea arterial durante anestesia
general para marcacion percutanea de nédulo pulmonar
guiada por tomografia computadorizada.

Relato del Caso - Paciente de 33 afios, masculino, estado
fisico ASA Il, fue sometido a marcacion percutanea de nédulo
pulmonar (probable metastasis de tumor de células gigantes
del fémur) con aguja gancho, bajo anestesia general. La
induccién anestésica fue realizada sin dificultades y con el
paciente en decubito lateral derecho, el procedimiento fue
iniciado. Después de la instalacion del gancho, en cuanto los
cirujanos verificaban su posicionamiento con nuevas
imagenes de tomografia, fueron observadas hipotension arte-
rial y bradicardia, seguidas de asistolia. Fueron realizadas
maniobras de reanimacion, drenaje toracica y ecocardiografia
transtoracica. En uno de los cortes tomograficos mas recientes
fue visualizada presencia de aire en el interior de la aorta
descendiente. Después de 15 minutos de reanimacién hubo
reversion del cuadro. El paciente fue encaminado a la UTl y 6
dias después recibié alta hospitalar sin secuelas.

Conclusiones - La embolia aérea arterial es una complicacién
de varios procedimientos y en la mayoria de ellos el paciente
esta bajo anestesia general. El anestesista debe estar
preparado para reconocer las alteraciones envolvidas y hacer
el diagnostico diferencial. La institucion de medidas
terapéuticas oportunas y adecuadas son fundamentales para
la reduccion de la morbidad y de la mortalidad decurrentes de
este evento.
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