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a  b s  t r a  c t

Introduction: We  present a  case developing idiopathic pulmonary oedema following cran-

iotomy without any neurological symptoms.

Case description: A 70-year-old female, who had unremarkable medical history, underwent

removal of brain tumour under general anaesthesia. Craniotomy was uneventfully per-

formed and her respiratory and haemodynamic conditions during the operation were

normal. Immediately after the  operation, she regained consciousness and was neurologi-

cally  intact. However, her oxygenation was not sufficient without oxygen administration, her

chest X-ray showed pulmonary oedema. Gradually, her pulmonary oedema in the  chest X-

rays disappeared. There was no specific reason of pulmonary oedema except for intracranial

manipulation, therefore, it was considered as  neurologic pulmonary oedema.

Conclusion: In this case, we merely might have followed the restoration process from neuro-

logic pulmonary oedema developing during the operation.

©  2016 Published by Elsevier España, S.L.U. on behalf of Sociedad Colombiana de

Anestesiologı́a  y  Reanimación.  This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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r  e  s u  m e  n

Introducción: Presentamos un caso de  desarrollo de edema pulmonar idiopático tras crane-

otomía sin síntomas neurológicos.

Descripción del caso: Una paciente de  sexo femenino de 70 años  de edad con una histo-

ria  médica sin interés se sometió a una extirpación de tumor cerebral bajo anestesia
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Meningioma

Anestesia, general

general. La craneotomía se realizó sin eventos notables y  sus condiciones respiratorias y

hemodinámicas durante la operación se mantuvieron normales. Inmediatamente al con-

cluir la operación la paciente recobró su conciencia y  se encontró en estado neurológico

intacto. Sin  embargo, su oxigenación no era suficiente sin administración de oxígeno, y  las

radiografías indicaban edema pulmonar. Gradualmente su edema pulmonar visualizado en

las radiografías torácicas desapareció. No había ninguna razón para el edema pulmonar

excepto manipulación intracraneal, así que fue considerado como un edema pulmonar

neurológico.

Conclusión: En este caso, habríamos simplemente seguido el proceso de restauración del

edema pulmonar neurológico que  se desarrolló durante la operación.

©  2016 Publicado por Elsevier España, S.L.U. en nombre de  Sociedad Colombiana de

Anestesiologı́a  y  Reanimación. Este es un artı́culo Open Access bajo la licencia CC

BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Pulmonary oedema is fluid accumulation in the air spaces and

parenchyma of the lungs.1 It leads to impaired gas  exchange

and may cause respiratory failure. Neurogenic pulmonary

oedema (NPE) is a  clinical syndrome characterised by the  acute

onset of pulmonary oedema following a significant central

nervous system (CNS) insult. The aetiology is  thought to be

a surge of catecholamines that results in  cardiopulmonary

dysfunction.2 It has been proposed that neurologic conditions

that cause abrupt, rapid, and extreme elevation in intracranial

pressure (ICP) appear to be at greatest risk of being associ-

ated with NPE although the pathophysiological mechanisms

remain obscured.3,4 We  present the case of a  patient devel-

oping idiopathic pulmonary oedema following craniotomy

without any neurological symptoms.

Case  description

Patient  information

The consent of patient and institutional review board approval

were obtained for this case presentation. A 70-year-old female

was admitted to our hospital for undergoing removal of the

brain tumour. She previously underwent neck clipping and

coil embolisation for an unruptured intracranial aneurysm.

She was medicated with antihypertensive agents. The brain

tumour was in the right parietal lobe adjacent to the falx,

which was  speculated to  be the falx meningioma based on

the imaging study. Her tumour happened to be discovered by

follow-up CTs for her intracranial aneurysm. Therefore, her

neurological symptoms were absent; however, the tumour was

showing tendency to  expand. Except for hypertension, she had

no clinical evidence of cardiac disease, or  respiratory disease.

Preoperative Chest X-ray was unremarkable.

Clinical  findings,  diagnostic  assessment  and  interventions

Craniotomy and removal of the brain tumour was performed.

Under general anaesthesia, the patient was put on the oper-

ating table in  the left park-bench position. During surgery,

cardiac output as well as intensive arterial blood pressure were

monitored using FloTracTM sensor and VigileoTM monitor.

Saturation of peripheral oxygen (SpO2)  and end-tidal carbon

dioxide concentration (ETCO2) were also  continuously moni-

tored. The operation time for the procedures was  99 min. Fluid

balance was 1290 ml.  No transfusion was performed. During

the operation, the patient’s haemodynamics were stable with

blood pressure of around 120/80 mmHg  and 3.5–4 L/min of

cardiac output. Respiratory condition was also stable; how-

ever, SpO2 was slightly decreased as  the end of operation

neared. Immediately after the operation, she was returned

to  the supine position and her trachea was suctioned; how-

ever, only a small amount of frothy sputum was observed.

Simultaneously, she regained consciousness and spontaneous

breathing was sufficient, then the tracheal tube was removed

and she was  transferred to the intensive care unit (ICU).

After admission to the ICU, she remained alert and neuro-

logically unchanged. Oxygen was  administered by facemask

at 6 L min–1; however, her SpO2 showed 90–96% and PaO2 was

89  torr with deep breathing urged. She never complained of

dyspnoea no matter how many times we asked although

she were coughing up and spitting out. Her haemodynamics

was stable throughout the ICU stay. Transthoracic echocar-

diogram showed normal left ventricular function and normal

chamber size. On the next day, her bladder temperature

was 37.1 ◦C. Inflammatory markers, such as  C-reactive pro-

tein (CRP) and white blood cell (WBC) counts, were 1.3 mg/dl

and 11,000/�l with prophylactic administration of cefazolin

2 g/day for surgical site infection. Presentation of active pneu-

monia seemed negative. However, a  chest X-ray taken on

that day, which showed bilateral marked prominence of the

interstitial lines, were consistent with pulmonary oedema

(Fig. 1). A subsequent CT exam, which demonstrated inter- and

intralobar septal lines some peribronchial cuffing and ground-

glass areas, confirmed the diagnosis of pulmonary oedema

(Fig. 2).

Follow-up  and  outcome

She was still monitored closely in the  ICU according to the

institutional standard care for neurosurgical patients but was

observed only with oxygen administration. Diuretics or  any

specific therapies were not applied. Gradually, bilateral inter-

stitial lines in the chest X-rays spontaneously disappeared

(Fig. 3). On the 5th postoperative day, she was  finally weaned

from oxygen therapy.
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Fig. 1 – Chest X-ray on postoperative day 1. The film

showed bilateral marked prominence of the interstitial

lines.
Source:  Author.

Fig. 2 – Chest CT exams on postoperative day 1. The slice

demonstrated inter- and intralobar septal lines some

peribronchial cuffing and ground-glass areas
Source:  Author.

Discussion

Two main types of pulmonary oedema are recognised: first,

cardiogenic (or hydrostatic) pulmonary oedema from an  ele-

vated pulmonary capillary pressure from left-sided heart

Fig. 3 – Chest X-ray on postoperative day 5. Bilateral

interstitial lines in  the chest X-rays disappeared.
Source:  Author.

failure; second, noncardiogenic (increased permeability) pul-

monary oedema from injury to the endothelial and epithelial

barriers.1 The pathophysiology of NPE probably involves

an adrenergic response to the CNS insult, which leads to

increased pulmonary hydrostatic pressure and increased lung

capillary permeability related to the inflammatory response.2

In some patients, cardiac dysfunction may  predominate, in

others, capillary leak is  the  primary manifestation.5 These

patterns have obvious implications for the diagnosis and

treatment of individual cases, including cardiac evaluation,

fluid management, and choice of inotropic or vasoactive

substances.6 Reviewing our case, it is  a fact that she developed

pulmonary oedema although its severity was not so critical.

Considering the timing of its development was thought to

be during the  operation and there was no specific reason of

pulmonary oedema except for intracranial manipulation, it is

reasonable to conclude that it was a  kind of NPE. Regarding

the positive fluid balance during the operation (1290 ml), it

may  not be denied that this fluid balance could have con-

tributed to the pulmonary oedema; however, the  fluid balance

like this for the elective neurosurgery is  common in our insti-

tute because of preoperative fasting. We  cannot completely

deny that she developed acute congestive cardiac failure since

we did  not measure the  pulmonary artery wedge pressure.

However, this was  very unlikely to cause pulmonary oedema

considering her haemodynamics were stable. That’s a  natu-

ral enough suspicion why the patient’s neurological condition

did not get worse because NPE has been reported usually

to accompany with abrupt, rapid, and extreme elevation in

ICP.3,4 The patient might have gotten worse during a follow-up

observation because there is a report showing a case develop-

ing NPE  prior to neurological deterioration and elevation in

ICP.7 Therefore, pulmonary oedema could have been one of

signs for impending neurological deterioration. However, her
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pulmonary oedema was spontaneously resolved. Alterna-

tively, we merely might have followed the restoration process

from NPE developing during the operation, which had been

masked by positive pressure ventilation. Suppose it were so,

many NPE cases might have been overlooked in the clinical

settings.

It has been reported that moderate or pronounced

brain swelling accompanying with elevated ICPs occurred in

35.7% of patients during craniotomy for supratentorial brain

tumours.8 Thus, there is no doubt that temporary neuronal

compression, ischaemia, or damage should occur during any

intracranial manipulations, which might cause NPE in a  cer-

tain neurosurgical population. So-called “NPE trigger zones”

include the hypothalamus and the medulla, specifically area

A1, A5, nuclei of solitary tract and the area postrema have been

proposed to be anatomical origins.9 The surgical field in  our

case did not directly involve these areas; however, we cannot

unconditionally deny that surgical insults indirectly affected

these areas. In addition, there is a  case report presenting NPE

during a neurosurgical procedure not involving NPE trigger

zones and raid improvement after the  procedure.10 Develop-

ment of NPE might not always require direct stimuli to these

areas. Either way, it is safe to say that any intracranial manip-

ulations have possibility to  induce temporary NPE. Whether

the temporary NPE developing during neurosurgery is sus-

tained, deteriorate, or, resolved may  depend on postoperative

intracranial status.

Negative pressure pulmonary oedema (NPPE), acute lung

injury, or anaphylaxis is can be  considered as differential diag-

noses. Upper airway obstruction and forceful inspiration are

usually observed in developing NPPE.11 Upper airway obstruc-

tion and stridor are occasionally observed in postoperative

neurosurgical patients. However, our patient was alert and

upper airway  was patent enough even in the early postop-

erative period. The possibility of acute lung injury due to

aspiration or equivalents was  negative according to her clini-

cal course. It  is  not possible to deny anaphylaxis because many

drugs were used during the perioperative period. However,

she did not present typical anaphylactic reactions including

hypotension, wheeze, or skin rash. Therefore, it is  reason-

able that her pulmonary oedema was diagnosed as NPE. As

another differential diagnosis, pulmonary oedema seen after

large air emboli occurring during craniotomy is a recognised

phenomenon and has been reported.12 In addition, there is

a report available that an  unrecognised low level of intra-

venous air aspiration without haemodynamic sequelae can

produce life-threatening pulmonary oedema.13 However, sig-

nificant depression of ETCO2 was detected and recognised as a

significant event even in this report although haemodynamic

sequelae was not accompanied. Such an event was  absent in

our case; however, any craniotomy has the risk of intravenous

air aspiration. Therefore, it is  liable to  objection or debate

that unrecognised microemboli during craniotomy might have

contributed to the development of this pulmonary oedema.

Conclusions

In conclusion, we had a  case developing idiopathic pulmonary

oedema following craniotomy without any neurological

symptoms. It was considered that her pulmonary oedema was

a kind of NPE. We merely might have followed the restoration

process from NPE developing during the operation. However,

the knowledge and awareness of this kind of clinical entity

should guide perioperative evaluation and treatment because

supportive care will allow spontaneous resolution for this case

if further neurological deterioration does not happen.
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