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Abstract. – We performed a systematic re-
view of the literature starting from a real case 
of venous air embolism (VAE) in a young infant 
undergoing central catheterization during pro-
cedural sedation. Air embolism due to inter-
nal jugular vein catheterization during proce-
dural sedation is very rare, but it is a potential-
ly life-threatening complication of central cathe-
terization that warrants attention. To our knowl-
edge, this is the first case published in a simi-
lar scenario.
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Introduction

We performed a systematic review of the lit-
erature starting from a real case of venous air 
embolism (VAE) in a young infant undergoing 
central catheterization during procedural seda-
tion. Air embolism due to internal jugular vein 
catheterization during procedural sedation is very 
rare, but it is a potentially life-threatening com-
plication of central catheterization that warrants 
attention. To our knowledge, this is the first case 
published in a similar scenario.

Case Report
The patient was a 4 months old female infant 

with a suspected genetic syndrome (cleft palate, 
inter-atrial defect, and cervicodorsal spine ab-
normalities) associated with episodes of hyper-
thermia giving a clinical suspicion of Crisponi 

or Stuve-Wiedemann syndrome (genetic studies 
ongoing). At birth, she underwent hypothermia 
and was admitted to the Neonatal Intensive Care 
Unit for meconium aspiration syndrome. The 
patient was subjected to intestinal resection with 
ileostomy packaging and recanalization with 
terminal-terminal anastomosis after around 45 
days. Since post-surgical re-feeding, she pre-
sented constantly liquid stools and extremely 
poor growth rate. For this reason, it was decided 
to place a central venous access in order to be 
able to sustain the patient with a proper nutri-
tional support. The procedure was performed 
in the “sedation room” located in a dedicated 
area of the Pediatric Intensive Care Unit of our 
Institution. The patient was monitored accord-
ing to standard procedures, sedated with mid-
azolam and left in spontaneous breathing using 
Sevoflurane. With ultrasound-guided technique, 
the internal jugular vein (IJV) was located and 
inserted using a 22 Gauge needle. At the time of 
the guide’s insertion, the girl performed a vig-
orous breath allowing the passage of air in IJV. 
Immediately, the patient presented bradycardia 
that rapidly evolved to asystolia. The girl was 
then cardio-pulmonary resuscitated (bag-valve 
mask hand ventilated and cardiac massage) for 
two minutes, with complete recovery of cardiac 
activity and no sequelae. Blood tests showed 
raised troponin and lactate levels with dyse-
lectrolytemia that necessitated of fluid correc-
tions, achieving normalization of electrolytes, 
troponin, and lactate in 24 hours. Chest X-Ray 
showed a partial opacity of left lung soon after 
the insertion of the catheter (Figure 1). 
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Introduction on Pulmonary Embolism
Pulmonary embolism (PE) in children differs 

in terms of incidence, predisposition, pathophys-
iology, presenting symptoms, and management 
strategies. PE is believed to be a rare event in 
children1,2. However, the incidence of PE in chil-
dren has been steadily increasing, which can 
be attributed to numerous factors, including in-
creased awareness and recognition, increased 
survival of children with underlying predispos-
ing conditions, increased use of central venous 
catheters (CVCs) in infants and neonates, and 
the availability of noninvasive diagnostic modal-
ities3,4. The early incidence estimates of PE stem 
from autopsy studies5-7 and report an incidence of 
0.05% to 4.2%. The variability in the incidence 
of various registries may again reflect the lim-
itations of diagnosing PE in an effective manner. 
Besides reporting the incidence, registry reports 
highlight important characteristics of PE in chil-
dren. Researches2,8 report an incidence of 8.6 to 
57 per 100,000 in hospitalized children, whereas 
the incidence in all children in the community is 
estimated to be 0.14 to 0.9 per 100,000. PE shows 
a bimodal distribution in children; a higher inci-
dence is reported in infants (younger than the age 
of 1 year) and in teenagers1-4. This bimodal pat-
tern of distribution can be attributed to increased 
utilization of CVCs in the neonate and infant age 
group, whereas pregnancy and use of hormonal 
contraceptive methods account for the higher 
incidence among female adolescents. A recent 
systematic review of the literature on pediatric 
PE describes 2 distinct variants of PE in children: 
in situ pulmonary artery thrombosis (ISPAT) and 
classic thromboembolic PE. Each category differs 
in underlying etiologic factors, long-term man-

agement, and outcomes. ISPAT usually occurs in 
younger children with congenital heart disease 
or anomalies of pulmonary arteries. Similarly, 
classic thromboembolic PE is correlated with 
underlying risk factors. The classic triad of PE 
symptoms consists of pleuritic chest pain, short-
ness of breath and hemoptysis, and is common to 
both adults and children. However, the diagnosis 
of PE can be missed in children, as seen in autop-
sy studies, or delayed, as reported by Rajpurkar 
et al7 when the time to PE diagnosis is made at 
an average of 7 days (range 1-21 days) after the 
onset of symptoms. Numerous factors contribute 
to this delay. Symptoms of PE are nonspecific 
and can mimic other childhood conditions, such 
as pneumonia, atelectasis, and thoracic tumors9. 
Furthermore, unexplained persistent tachypnea 
can be an important indication of PE in pediatric 
patients of all age categories10. Additional signs 
and symptoms include cough, fever, hemopty-
sis, tachycardia, hypoxemia, and chest pain11-13. 
Massive PE as defined by an embolus sufficient 
to cause obstruction of the pulmonary flow, re-
sulting in hemodynamic instability, is considered 
a rare event in children and is associated with 
a high mortality of greater than 50%14. Pre-
senting symptoms include hypotension, dyspnea, 
hypoxemia, syncope, right-sided ventricular fail-
ure, and it can occasionally present with sudden 
death15. Interestingly, air embolism is even less 
described in children compared with classic PE. 
We report a case of pulmonary air embolism in a 
child undergoing a deep sedation to insert a cen-
tral venous catheter in our sedation room.

Discussion

We described a case of venous air embo-
lism (VAE) in a young infant undergoing cen-
tral catheterization during procedural sedation. 
Air embolism due to IJV catheterization during 
procedural sedation is rare, but it is a potentially 
life-threatening complication of central catheter-
ization that warrants attention. To our knowledge, 
this is the first case published in a similar scenar-
io. The term embolism identifies any presence 
in the blood vessels of a mobile body unable 
to dissolve in the blood. This body, generically 
called an embolus, can be a blood clot, a lump 
of fat, an air bubble, and so on. The emboli are 
transported from the blood to a point where 
they stop partially or totally blocking the blood 
circulation. The air bubbles, therefore, have all 

Figure 1. Chest X-Ray showed a partial opacity of left lung 
soon after the insertion of the catheter.



F. Tosi, A. Chiaretti, D. Buonsenso, S. Mensi, O. Genovese, M. Pittiruti, G. Conti

7918

the typical characteristics of the emboli; conse-
quently, moving within the vascular system, they 
can reach any part of the body and hinder blood 
circulation. The presence of air bubbles circulat-
ing in the vascular system can be very dangerous, 
as the emboli could reach also the arteries of the 
brain, the coronaries or the pulmonary vessels. 
The gaseous bubbles form within the vascular 
system when the conditions of pressure, around 
a blood vessel exposed to a gas, favor the entry 
of the latter into the vessel itself. In other words, 
if an artery or vein is in contact with the air and 
the surrounding pressures allow it, atmospheric 
gases can penetrate into the vessel involved and 
form bubbles.

The formation of one or more air bubbles with-
in a blood vessel can occur on several occasions. 
Often and for different reasons, it is necessary to 
use central venous catheters in a subclavian or 
jugular vein. Since in these regions the pressure 
conditions are in favor of the entry of air into 
the vascular system (venous pressure is lower 
than atmospheric)16, the introduction of a cath-
eter could represent a potential access route for 
atmospheric gases, as happened in our case. The 
initial sign of air embolism is a sudden change in 
respiratory parameters, and various cardiopulmo-
nary symptoms and signs are described17. In our 
case, immediately after venipuncture (happening 
simultaneously with a deep breath), the infant 
developed progressive bradycardia up to asysto-
lia which required cardiopulmonary resuscitation 
(CPR). Since the procedure was on spontaneous 
breathing, end-tidal CO2 (which is reduced in 
case of embolism) could not be measured and 
registered, and the need of prompt intervention 
allowed us to perform diagnostics only when 
CPR was concluded. Anyway, the anesthesiolo-
gist considered the possibility of an air embolism 
because these changes occurred soon after air 
injection and recovered after O2 administration 
and CPR. The VAE is mainly described in chil-
dren undergoing cardiac surgery18,19, neurosur-
gery20, orthopedic procedures16 or any procedure 
involving central veins such as vena cava (21), 
but never in situations similar to our scenario. 
The incidence of VAE in considered to be lower 
in pediatric patients than adults22,23. VAE can 
potentially occur in any procedure where the 
surgical site is above the level of heart creating 
a negative pressure gradient to right atrium and 
air get sucked; in our case, the infant was laying 
in a horizontal position; therefore, the puncture 
point was in the same level of the heart, but both 

the negative pressure created by the inspiration 
and the right atrium dilatation during the “filling 
phase” probably allowed the strong negative pres-
sure and air entrance. Although children are less 
prone to venous air embolism than adults, they 
are more susceptible to the adverse effects of em-
bolization24. This incidence, however, is certainly 
underestimated, since many cases are asymp-
tomatic and often the symptoms are confused 
with those of the underlying disease. The effects 
of pulmonary embolism depend on the degree of 
obstruction of the pulmonary circulation, as well 
as on the presence of coexisting cardiopulmonary 
diseases. When the embolism obstructs more 
than 50% of the pulmonary circulation, the out-
flow resistance from the right ventricle increases, 
resulting in increased pressure on the pulmonary 
artery and dilatation of the right ventricle. The 
consequence is a tricuspid deficiency. The filling 
of the left ventricle is also compromised due to 
the protrusion of the interventricular septum re-
sulting from the increased pressure on the right 
side of the heart. This can produce systemic hy-
potension or cardiogenic shock.

Conclusions

Although extremely rare, we think our case 
should raise awareness of a new potential com-
plication of procedural sedation, reminding all 
clinicians undergoing these procedures to be al-
ways equipped and trained in managing such a 
potentially severe unexpected complication.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Andrew M, dAvid M, AdAMs M, Ali K, Anderson r, 
BArnArd d, Bernstein M, Brisson l, CAirney B, desAi 
d. Venous thromboembolic complications (VTE) 
in children: first analyses of the Canadian Regis-
try of VTE. Blood 1994; 83: 1251-1257.

 2) vAn oMMen CH, HeijBoer H, Büller Hr, HirAsing rA, 
HeijMAns Hs, Peters M. Venous thromboembolism 
in childhood: a prospective two-year registry in 
The Netherlands. J Pediatr 2001; 11: 81-92.

 3) rAffini l, HuAng ys, witMer C, feudtner C. Dramat-
ic increase in venous thromboembolism in chil-
dren’s hospitals in the United States from 2001 to 
2007. Pediatrics 2009; 124: 1001-1008.



Spontaneous pulmonary air embolism in a child undergoing procedural deep sedation

7919

4 ) rAjPurKAr M, Biss t, AMAnKwAH eK, MArtinez d, 
williAMs s, vAn oMMen CH, goldenBerg nA. Pul-
monary embolism and in situ pulmonary artery 
thrombosis in paediatrics. A systematic review. 
Thromb Haemost 2017; 117: 1199-1207.

 5) jones rH, sABiston dC. Pulmonary embolism in 
childhood. Monogr Surg Sci 1966; 3: 35-51.

 6) ByArd rw, Cutz e. Sudden and unexpected death 
in infancy and childhood due to pulmonary throm-
boembolism. An autopsy study. Arch Pathol Lab 
Med 1990; 114: 142-144. 

 7) dijK fn, Curtin j, lord d, fitzgerAld dA. Pulmo-
nary embolism in children. Paediatr Respir Rev 
2012; 13: 112-122.

 8) rAjPurKAr M, wArrier i, CHitlur M, sABo C, frey Mj, 
Hollon w, lusHer j. Pulmonary embolism-experi-
ence at a single children’s hospital. Thromb Res 
2007; 11: 9-16. 

 9) vAn oMMen CH, HeyBoer H, grootHoff jw, teeuw 
r, Aronson dC, Peters M. Persistent tachypnea 
in children: keep pulmonary embolism in mind. J 
Pediatr Hematol Oncol 1998; 20: 570-573. 

10) BrAndAo lr, lABArque v, diAB y, williAMs s, MAn-
son de. Pulmonary embolism in children. Semin 
Thromb Hemost 2011; 37: 772-785.

11) BAird js, Killinger js, KAlKBrenner Kj, Bye Mr, 
sCHleien Cl. Massive pulmonary embolism in chil-
dren. J Pediatr 2010; 156: 148-151.

12) Motti eini z, Houri s, CoHen i, sion r, tAMir A, sAs-
son l, MAndelBerg A. Massive pulmonary emboli 
in children does fiber-optic-guided embolectomy 
have a role? Review of the literature and report of 
two cases. Chest 2013; 143: 544-549.

13) CHiAretti A, Pierri f, vAlentini P, russo i, gArgiullo 
l, riCCArdi r. Current practice and recent advanc-
es in pediatric pain management. Eur Rev Med 
Pharmacol Sci 2013; 17 Suppl 1: 112-126.

14) Biss tt, BrAndão lr, KAHr wH, CHAn AK, williAMs 
s. Clinical probability score and D-dimer estima-
tion lack utility in the diagnosis of childhood pul-
monary embolism. J Thromb Haemost 2009; 7: 
1633-1638.

15) PHiliP s, Anderson dr, rodger M, ginsBerg js, KeAr-
on C, gent M, turPie Ag, BorMAnis j, weitz j, CHAM-
BerlAin M, Bowie d, BArnes d, HirsH j. Derivation 
of a simple clinical model to categorize patients 
probability of pulmonary embolism: increasing 
the models utility with the SimpliRED D-dimer. 
Thromb Haemost 2000; 83: 416-420.

16) tAKeuCHi r, KAMAdA H, sAto y, sAKAne M. Air embo-
lism during arthrography for developmental dys-
plasia of the hip. Clin Pract 2013; 3: e12.

17) Kizer Kw, goodMAn PC. Radiographic manifesta-
tions of venous air embolism. Radiology 1982; 
144: 35-39.

18) MAddAli MM, tHoMAs e, MAliK MM. Air embolism 
during fontan operation. Ann Card Anaesth 2014; 
17: 229-231.

19) sCHwArtz MC, nyKAnen d, fleisHMAn C, Munro HM, 
PHilliPs j, KnAPP rd, felix d. Fontan fenestration 
closure prior to posterior spinal fusion in patients 
with single-ventricle heart disease. Spine (Phila 
Pa 1976) 2016; 41: E1425-E1428.

20) nArender K, HeMAnt B, nAvneet s. Venous air em-
bolism during removal of bony spur in a child of 
split cord malformation. Neurosci Rural Pract 
2017; 8: 483-484. 

21) neideCKer j1, BlAise B, ninet j. Venous air emboli in 
a 4 year old child. Ann Fr Anesth Reanim 2012; 
31: S12-13. 

22) gAnslAndt o, MerKel A, sCHMitt H, tzABAzis A, Bu-
CHfelder M, eyuPoglu i, Muenster t. The sitting po-
sition in neurosurgery: indications, complications 
and results. A single institution experience of 600 
cases. Acta Neurochir (Wien) 2013; 155: 1887-
1893.

23) ToBiAs jd, joHnson jo, jiMenez df, BArone CM, 
MCBride ds. Venous air embolism during en-
doscopic strip craniectomy for repair of cranio-
synostosis in infants. Anesthesiology 2001; 95: 
340-342.

24) KeidAn i, MArdor y, PreisMAn s, MisHAly d. Venous 
embolization during sternotomy in children under-
going corrective heart surgery. J Thorac Cardio-
vasc Surg 2004; 128: 636-638.


