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Abstract

Background: Ketamine is applied widely for sedation during cardiac catheterization in spontaneously breathing 
children with congenital heart disease (CHD). However, a rare and unreported respiratory complication, transient and 
reversible atelectasis of lungs (TRAL), was identifi ed.
Purpose: The study was performed to investigate retrospectively the prevalence and clinical characteristics of TRAL 
after ketamine sedation in pediatric cardiac catheterization.
Methods: Four thousand four hundred and seventy-four sick children were sedated with ketamine, and pediatric cardiac 
catheterization was carried out under spontaneous breathing. TRAL was detected in 33 children (17 M/16 F, age was 2.1±1.7 
years) by retrospective analysis. The clinical and radiographic characteristics were recorded before, during and after TRAL.
Results: In pediatric cardiac catheterization, the prevalence of TRAL was 0.74% after ketamine sedation. TRAL occurred in 
23 children with cyanotic CHD, and 10 with acyanotic CHD. All TRALs had common clinical and radiographic features: the 
diffuse opacity of bilateral lungs developed rapidly (identifi ed under X-ray fl uoroscopy), associated with decrease in lung vol-
ume, and then the decrease in SpO

2
 (94.2±9.2% vs. 59.4±2.2%, P<0.05), and heart rates (143.5±14.3 bpm vs. 58.3±9.7 bpm, 

P<0.05) followed quickly. TRAL was relieved by supportive oxygen in 32 children (23 with face mask, and 9 with endotra-
cheal intubation), and the duration of TRAL was 1.6±0.5 minutes. However, TRAL caused the death of one child. 
Conclusions: TRAL is a rare and urgent respiratory complication after ketamine sedation, and the mechanism is 
unclear. Rapid and diffuse opacity of bilateral lungs is the earliest sign of TRAL in pediatric cardiac catheterization, 
and the immediate supportive oxygen is crucial.
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Introduction

In pediatric cardiac catheterization, ketamine has 
been applied widely for sedation in spontaneously 
breathing children and there was no report about 
the respiratory complication [1, 2]. However, a rare 



Y. Chaowu et al., Special Respiratory Complication352

and unreported respiratory complication, transient 
and reversible atelectasis of lungs (TRAL), was 
identifi ed in our institute. To our knowledge, TRAL 
constitutes a distinct subgroup, which was differ-
ent from currently known complications in pediat-
ric cardiac catheterization. In this study, we present 
data from 33 sick children with TRAL.

Materials and Methods

Patients

From January 2004 to July 2015, 4474 sick chil-
dren (1643 cyanotic CHD and 2831 acyanotic 
CHD) were sedated with ketamine, and pediatric 
cardiac catheterization was carried out under spon-
taneous breathing. Thirty three patients (17 males, 
16 females) had onset of TRAL in cardiac cathe-
terization. All patients underwent detailed evalua-
tion of electrocardiogram (ECG), chest X-ray, and 
echocardiography. Patients requiring ventilatory 
treatment or intravenous inotropic support were 
excluded. The study was approved by our hospi-
tal research ethics committee, and informed con-
sent was obtained from the parents of each child. 
Consent for the anaesthetic was obtained indepen-
dently by the anaesthetist who was involved with 
the procedure.

Procedure

The patients were admitted to the catheterization 
laboratory and an intravenous cannula was placed 
and an infusion of one-third saline solution was 
started. Ketamine was applied for general anaes-
thesia (1 mg/kg at induction followed by an infu-
sion of 3–5 mg/kg/h) in spontaneously breathing 
children. Concurrently, atropine was administered 
intravenously (0.01 mg/kg) or intramuscularly 
(0.02 mg/kg). In all patients, local anaesthesia 
with 1% lidocaine was administered before percu-
tanous puncture of femoral artery and/or vein. The 
power injector (Medrad100, Pittsburgh, PA, USA) 
was used for angiocardiography. Nonionic con-
trast medium was applied in this study (Iopromide, 
Ultravist, Schering, Germany; Iohexol, Omnipaque, 
Nycomed, Norway; Iopamidol, Bracco Diagnostics, 
Plainsboro, NJ, USA).

The fi rst sign of TRAL was defi ned as the occur-
rence of opacity lungs. Once TRAL attacked in 
the examination, supportive 100% oxygen was 
administrated by bag and mask via a clear air-
way (Endotracheal intubation was not the routine 
procedure in the general anaesthesia). If adequate 
oxygenation failed to be maintained, endotra-
cheal intubation (volume-limited ventilator) fol-
lowed immediately after muscular relaxation. 
The images of chest fl uoroscopy were recorded 
promptly to evaluate the radiographic features of 
TRAL before, during and after the onset. Standard 
guidelines for monitoring during delivery of gen-
eral anesthesia and cardiac catheterization were 
carried out, including 3-lead surface ECG, pulse 
oximetry and so on. SpO

2
 was determined by 

means of pulse oximetry. The clinical manifesta-
tion, radiological fi ndings and treatment were also 
recorded.

Among the 33 sick children, 13 patients had exact 
records of SpO

2 
and heart rates before and during 

the onset of TRAL. Their approximate durations 
of TRAL, which ranged from the emergence to 
the disappearance of opacity lungs, were recorded 
too. When the left cardiac catheterization was per-
formed, systolic aortic pressure was recorded by 
catheter.

Statistical Analysis

The data in the study were expressed as mean 
value±SD. The results were compared between 
before and during onset of TRAL using paired- 
samples T test, and P<0.05 was considered sig-
nifi cant. Statistical software used in this study was 
SPSS 12.0.

Results

Thirty three sick children (17 males, 16 females) 
presented with TRAL in cardiac catheterization. 
Cyanotic CHD were 23 (Table 1), and acyanotic 
CHD were 10 (Table 2). The age were 2.1±1.7 
years, weight were 11.5±4.9 kg and height were 
80.6±17.3 cm. Angiocardiography was performed 
in 30 patients, and right cardiac catheterization 
in 3 children. The ages of patients with cyanotic 
CHD was younger than those with acyanotic CHD, 
1.5±1.6 years vs. 3.4±1.2 years (P<0.05). Except for 
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one child, abnormalities of ECG can be found in the 
other patients, including right ventricular hypertro-
phy (29 patients), left ventricular hypertrophy (one 
patient), supraventricular tachycardia (one patient) 
and atrioventricular block (one patient). The fl uor-
oscopy time was 20±10.2 minutes.

TRAL was precipitated by selective injection of 
collateral vessels in ten patients (Figure 1A–C), 
PBPV in four patients (Figure 2A–C), ventriculo-
gram in eight patients (Figure 3A–D), and exces-
sive secretion of airway in three patients. In the 
other eight cases, however, no obvious stimulus was 
apparent. Interventional therapy was performed in 
nine patients, including PBPV (four patients), tran-
scatheter closure of PDA (two patients) and tran-
scatheter closure of ASD (three patients). TRAL 
occurred twice or more in four patients.

After TRAL occurred, SpO
2 

decreased quickly 
from 94.2±9.2% to 59.4±2.2% (P<0.05) and 
heart rates fell from 143.5±14.3 bpm to 58.3±9.7 
bpm (P<0.05). The duration of TRAL was 
1.6±0.5  minutes (the duration of diffuse pulmonary 
opacity under X-ray fl uoroscopy). Systolic aortic 
pressure recorded by catheter was 115.3±17.5 mmHg. 
TRAL was relieved by supportive oxygen with face 
mask in 24 patients, and by mechanical ventilation 
with endotracheal intubation in nine patients. Except 
for one child, all patients were relieved completely 
by the administration of 100% oxygen.

Common Clinical Course

TRAL had common clinical and radiographic fea-
tures in all patients: the diffuse opacity of bilateral 
lungs developed rapidly, associated with decrease 
in lung volume. And then the decrease in SpO

2
 and 

heart rates followed quickly. The sequence of opac-
ity lungs was from center to peripheral area, and 
the opacity of the upper lung zone was often earlier 
and more apparent than that of lower lung. There 
was no evidence of cardiac enlargement. In par-
ticular, the opacity of lungs developed within one 
minute. During the onset of TRAL, there was no 
refl ex increase in heart rates and breath sounds were 
inaudible. With progression, there was the occur-
rence or deterioration of cyanosis. If supportive or 
mechanical ventilation was given, the duration was 
short and the lungs were fully aerated again within 
1–2.5 minutes, followed by the recovery of hypoxia 

and bradycardia sequentially. No sequelae can be 
found in the 3 months following up.

Discussion

TRAL is a rare but risk complication after ketamine 
sedation during cardiac catheterization in spontane-
ously breathing children. However, the mechanism 
is still unclear. As a previously unreported com-
plication, TRAL shared distinct clinical and radio-
graphic pictures. The hallmark of TRAL was the 
rapid and diffuse opacity change of bilateral lungs, 
which was the earliest sign of under X-ray fl uor-
oscopy. It developed rapidly within 1 minute and 
lasted less than 2.5 minutes if supplemental oxy-
gen was given. In this study, fl uoroscopy allowed 
real time visualization of lungs in cardiac catheteri-
zation. Therefore, the detailed clinical course of 
TRAL became available. Accompanied by decrease 
in lung volume, TRAL manifested a picture charac-
teristic of atelectasis rather than pulmonary edema/
infl ammation. The latter presented in POPE and 
ARDS [3–6].

Because no evidence of severe upper airway 
obstruction was identifi ed in most children, it 
was possible that diffuse atelectasis of TRAL was 
peripheral and not the result of central obstruction. 
Considering very short duration, we speculated that 
TRAL might result from the spasm of peripheral 
airway and diffuse spasmic closure of distal airway 
can lead to widespread atelectasis and lowers lung 
volume. Many factors, as presented in this study, 
might have potential to precipitate the spasmic 
obstruction of peripheral airway, followed by the 
onset of TRAL. If it is true, the rapid opacity change 
of lungs becomes explainable. Further research is 
required to evaluate the mechanism.

Another distinct feature of TRAL is that it responds 
well to oxygen therapy. Whatever the etiology, most 
patients can be relieved quickly by 100% oxygen 
administered with bag and mask. If the mask fails to 
maintain adequate oxygenation, endotracheal intu-
bation should follow immediately. Though most 
TRALs settled rapidly after the supportive oxygen 
therapy, one sick child died of TRAL in this study 
(despite the fact that mechanical ventilation was 
supported with the placement of the endotracheal 
tube). No consent was obtained to carry out the 
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A B

C

Figure 1 The Child was Diagnosed as PAA with VSD.
Selective injection into collateral artery was performed (A), and precipitated the onset of TRAL (B). Supportive 100% oxygen 
therapy with bag and face mask was started immediately, and the lungs were fully aerated again in 2.5 minutes (C). The onset 
of TRAL was characterized by the marked opacity lung associated with decrease of lung volume.

autopsy, and the cause remained unclear. The other 
32 children recovered well and no sequelae were 
left. In our opinion, the earlier the diagnosis was 
made and supportive oxygen was given, the better 
the TRAL recovered. Because the earliest sign of 
TRAL was the rapid increase in opacity of lungs 
under X-ray fl uoroscopy, it was important to recog-
nize the phenomenon.

Several factors probably precipitated the onset of 
TRAL in this study. Acute reduction in pulmonary 
blood fl ow may play an important role in the onset 
of TRAL, which was triggered by selective injec-
tion into major aortopulmonary collateral arteries in 
ten children, and by PBPV in four patients. There 
is a direct anatomical and physiological relation 
between the lung vasculature and the airways, and 

small peribronchiolar vessels serve an erectile func-
tion and maintain airway patency [7, 8]. The cessa-
tion of pulmonary blood fl ow had a major impact 
on lung mechanics. It has been confi rmed that there 
was an abrupt and important increase in airway 
resistance, a fall in lung compliance, and a decrease 
in tidal volume during pulmonary valvuloplasty 
[9]. In addition, the similar decrease of pulmonary 
blood fl ow may result from selective injection of 
contrast medium into collateral arteries in PAA or 
TOF, especially when stenosis occurred in the prox-
imal segment of collateral arteries. It also should be 
responsible for the only death of the child with PAA 
whose oxygenation failed to be maintained though 
the mechanical ventilation with endotracheal intu-
bation was given.
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A

C

B

Figure 2 TRAL Occurred Immediately After PBPV.
The X ray was taken before (A), during (B) and after TRAL (C). The lung opacity was accompanied with decrease in lung 
volume. After mechanical ventilation with the placement of the endotracheal tube, TRAL resolved quickly and the duration 
was about 1.5 minutes (C).

Angiocardiography was performed in 91% of 
patients in the study. It has been recognized that 
there were increases in airways and pulmonary 
vascular resistance after intravascular injection of 
contrast medium, though the mechanisms responsi-
ble for the effect remained unclear [10]. Other pul-
monary adverse effects include pulmonary edema, 
bronchospasm and so on [11, 12]. It is still unclear 
whether contrast medium plays a role in the attack 
of TRAL. The same was to the excessive secretion 
of airway in three children. In addition, one fourth 
of patients had no obvious trigger factors, and it is 
unclear that TRAL of these patients occurred spon-
taneously or related with other unknown factors.

It was during general anaesthesia with ketamine 
that TRAL occurred in the study. Though atelectasis 

can develop as a side effect of most anaesthetics dur-
ing general anaesthesia, ketamine was considered an 
exception [13]. In addition, not conventional chest 
radiography but computed tomography could show 
the atelectasis resulting from general anaesthesia. 
Ketamine is a dissociative anesthetic agent and pro-
vides adequate anesthesia for most catheterization 
procedures [14, 15]. It was the only anaesthetic so 
far tested that has not produced atelectasis unless 
the patients were paralysed. The major side effect 
of ketamine is airway secretion, which can result in 
aspiration and laryngospasm. To offset the increase 
in airway secretions, atropine was administered in 
this study. Nevertheless, excessive secretion of air-
way still occurred in three patients. However, no 
severe upper respiratory obstruction was identifi ed 
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A B

C D

Figure 3 Before (A, B) and During (C, D) the Onset of TRAL, the Images of Pulmonary Arterial Phase (A, C) and Venous 
Phase (B, D) were Recorded.
The branches of pulmonary arteries crowed, the lung volume decreased and the venous phase was obviously delayed (C, D).

in these children. It is unknown whether there are 
direct relation between TRAL and the side effect of 
ketamine.

Cyanotic CHD, mainly TOF and PAA, account 
for 70% in this study. Some clinical similarities 
present in both TRAL and paroxysmal hypoxemic 
spell, as seen in TOF and PAA. However, the dif-
ferences are also obvious between them. TRAL 
responds well to supportive oxygen therapy and 
can also occur in acyanotic CHD, such as ASD 
and PDA. In addition, it is unclear about the radi-
ographic features of hypoxemic spell. The mech-
anism of hypoxemic spell is still obscure [16, 
17]. Though the most widely accepted explana-
tion is that the hypoxemic spell probably results 
from the spasm of right ventricular infundibulum, 
it fails to explain the spells that occur in patients 

with TOF and PAA where pulmonary blood fl ow 
does not cross the right ventricular outfl ow tract 
[14, 15].

Study Limitations

The research was a retrospective study and many 
measurements were not set before the study. The 
SpO

2
 monitored by pulse oximetry may be inac-

curate in cyanotic patients, and the duration of 
TRAL was only an approximate value. In addi-
tion, no detailed data were recorded about hemo-
dynamics and lung mechanics in the attack, 
because TRAL was a life threatening event and 
all attentions were paid to the maintenance of 
adequate oxygenation.
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Conclusions

TRAL is a distinct and risk respiratory complication 
characterized by transient and reversible pulmonary 
collapse in pediatric cardiac catheterization. Rapid 
and diffuse opacity of bilateral lungs is the earliest 
sign of TRAL, and the immediate supportive oxy-
gen is crucial. However, further research is required 
to evaluate the mechanism.
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