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Disclosures

• None



Objectives

• Describe the role of Pediatric Interventional Radiology (IR) in the 
management of pediatric trauma and who may benefit from IR 
consultation – the who

• Discuss common tools used by and the flagship procedure 
performed by IR in the management of trauma patients– the what

• Discuss common clinical outcomes and post-procedural 
considerations following embolization – the aftermath



The Who



Peds IR Role

• Adjunct to non-operative management (NOM)
• Can assist with many aspects, but…

• Solid organ/vascular injury

Presenter Notes
Presentation Notes
simply an adjunct
Can assist with access, fluid collections/tubes, 



Who needs IR?

Presenter Notes
Presentation Notes
Article in peds surgery from 2021 out of colorado looked at using AI to predict massive transfusion and need operative management.  Interesting study, but they quote out of the 477 patients in the study, roughly 90% had successful NOM w/o any intervention.

About the 3.6hrs
American college of surgeons july 2025  (level IV updates) updates to their Resources for Optimal Care of the Injured Patient: 2022 Standards clarified IR requirements. 
Level I and II centers must ensure continuous availability of the necessary human and physical resources to enable endovascular or IR bleeding control to begin within 60 minutes of request.
60 minutes is call to puncture not door to puncture.
The updates clarified that all the facility must have onsite IR physician, nurse and technologist coverage as well as a onsite angiography sweet and or hybrid room.
Must have language on how to mobilize team to meet the 60 minute timeframe


Cite ACS Resources for optimal care of the injured patient: 2022



The foundation – NOM works

• 4% failure rate
• Endovascular and endoscopic procedures not considered failures
• Predictors: injury severity score (ISS); American Association for the 

Surgery of Trauma (AAST) grade; age (older kids did worse)

• Generally accepted that pediatric patients have better 
compensatory abilities for blood loss

• Authors point out that endovascular intervention is a corner stone 
of adult NOM but remains underutilized in pediatrics

Presenter Notes
Presentation Notes
Meta analysis in the journal Injury from looking at NOM failure rate 2025 - 37,340 pediatric patients



Gamberini L, Moro F, Cavagna S, et al. Prevalence of non-operative management failure in pediatric patients with traumatic abdominal solid organ injuries: A systematic review and meta-analysis. Injury. 2025;56(8):112592. doi:10.1016/j.injury.2025.112592



The What



Toolkit

• Ongoing hemorrhage or vascular injury – the focus
• Embolization for solid organ, mesenteric, extremity, or other arterial injury

• Temporizing agent such as gel foam for vital arteries, permeant agent can be considered 
if the artery is non-essential or there is collateral flow

• Vital vessel injury that cannot be sacrificed
• Stent grafts

• Venous?
• Management of other complications because of solid organ injury

• Urologic
• Biliary
• Access
• Foreign body retrieval

Presenter Notes
Presentation Notes

Venous is hard, but I have done it before (renal vein leak).  Stents yada yada

Urologic:
Drain/tubes/stents for leak; supra pubic catheters for severe bladder or urethral injury (if I we can’t help get a foley acrossed/in).

Biliary:
Drain (biloma/PTC/internal.external/randaveous); stricture plasty; future state (ERCP/stents?)

Kids with difficult vascular access

FB:
Fractured catheters, retained traumatic fragments.




The Flagship Indication

• Splenic artery embolization (SAE)
• Goal is to convert a failing NOM back into a successful one.

• Splenic salvage – preserved immunologic function

• Outcomes
• No large peds outcomes study
• Small series out of Korea, 40 children <17yo NOM, 17 underwent SAE

• 88.2% clinical success (2 patients had to be treated a second time)
• 100% spleen salvage, no embolization related complications
• No difference between World Society of Emergency Surgery (WSES) grade 

Presenter Notes
Presentation Notes
Korean study: 
NOM patients were the ones who had hypotension (<80mmg systolic) who responded to fluid bolus alone, 17 patients who went to SAE had persistent hemostatic instability w/o another potential source of bleeding or worsening signs of bleeding by imaging (enlarging hematoma, active extrav, pseudo aneurysm)
2 patients had to be treated a second time.  Don’t say if they clinically worsened, only that one had persistent signs of bleeding by imaging.



Presenter Notes
Presentation Notes
Splenic trauma: WSES classification and guidelines for adult and pediatric patients – World journal of emergency surgery

American Association for the surgery of Trauma (AAST)





Presenter Notes
Presentation Notes
American Association for the Surgery of Trauma (AAST)

From the great resource radiopedia.org

WSES I = I + II
WSES II = III
WSES III = IV + V
WSES IV = any + hemodynamically unstable/not responding



Presenter Notes
Presentation Notes
WSES guidelines



Presenter Notes
Presentation Notes
Follow up in 2022 to the original World journal of emergency surgery article



Presenter Notes
Presentation Notes
American Pediatric Surgical Association (APSA) updated guidelines interestingly point out not to go even if there is a blush.



Williams, R. F., Grewal, H., Jamshidi, R., et al. (2023). Updated APSA Guidelines for the Management of Blunt Liver and Spleen Injuries. Journal of Pediatric Surgery, 58, 1411–1418. https://doi.org/10.1016/j.jpedsurg.2023.03.012



Blush?

• “Active Extrav”

• Journal of Trauma and Acute Care Surgery, 2016
• Liver and spleen patients with solid organ blush

• Only 17% of the cohort required definitive treatment
• Flawed because they only embolized 1 patient

Presenter Notes
Presentation Notes

Throw out that I tend to lean towards the world journals opinion because its still ongoing bleeding.  Children tend to respond better because their vasculature is better and more robust.  Physiology is on their side.  So you can keep giving them blood but they will respond.  However, I would argue that with on going blood bank shortages and risk of other complications from having a belly full of blood, we may want to consider earlier intervention. At least set a reasonable end point/threshold to look again if things are not going well.

Also, patients who have active extrav but didn’t get embolized are at higher risk for pseudoaneurysm formation that may require embolization later….


Ingram MC, Siddharthan RV, Morris AD, Hill SJ, Travers CD, McKracken CE, Heiss KF, Raval MV, Santore MT. Hepatic and splenic blush on computed tomography in children following blunt abdominal trauma: Is intervention necessary? J Trauma Acute Care Surg. 2016 Aug;81(2):266-70. doi: 10.1097/TA.0000000000001114. PMID: 27257698.





How It’s Done – Basic Equipment

• Right femoral (usually) access w/ 21G micropuncture system
• 4F sheath
• Base catheter: 4F angled glide/C2/Simmons/reverse curve
• +/- microcatheter: 2.4/2.8F Progreat
• Wires: 0.035 Benson/angled glide; 0.014 Progreat kit wire



Presenter Notes
Presentation Notes
Classic Cook micropuncture.  Other manufacturer might have other names (ministick)

Extra step for sheath placement, but can stick anything with a 21G needle.



Presenter Notes
Presentation Notes
Standard hemostatic sheath.  Operating port allowing you to pass catheters in and out of the vascular system without causing significant damage.  Valved so it doesn’t bleed back when nothing is in it.  Side port to for flush and blood draws.



Presenter Notes
Presentation Notes
Multiple different types from different vendors.  Try to match what you need to get into the celiac.

I like the C2 because its versatile and I can quickly get it pretty deep in the system to deliver an embolic quickly if necessary.  Can also get into may different systems if there is more than 1 injury.



Presenter Notes
Presentation Notes
Realized I don’t have a nice normalish angio to show.  This is an abdominal aortagram from a 13month old.  From a paper about  endovascular treatment of a GI Bleed.

Abdominal aortagram.  Usually don’t need for splenic trauma especially because of CTA.  Really need to power inject, which is a whole other system that takes time to set up. May do for other visceral trauma or if the splenic artery is normal to look for aberrant supply

Successful endovascular treatment of a 13-month-old child with gastrointestinal bleeding due to Dieulafoy syndrome of duodenum



Presenter Notes
Presentation Notes
Splenic angiogram.  Most of the time only hand inject in the setting of trauma (will usually find your problem).  If hand injection negative, will set up the power injector for celiac run to produce a better run.



Presenter Notes
Presentation Notes
What am I looking for

Active extravasation:
Stream of contrast that pools and persists into different vascular phases.  Straight forward


Shanmuganathan, K., Mirvis, S. E., Boyd-Kranis, R., Takada, T., & Scalea, T. M. (2000). Nonsurgical management of blunt splenic injury: Use of CT criteria to select patients for splenic arteriography and potential endovascular therapy. Radiology, 217(1), 75–82. https://doi.org/10.1186/10.1148/radiology.217.1.r00oc0875



Presenter Notes
Presentation Notes
Pseudoaneurysm
Focal outpouching that washes outafter the arterial phase.


From Radiopedia



Presenter Notes
Presentation Notes
AVF
Harder to show, need to look for early SV filling/skipping parenchymal phase.  Rare after blunt trauma, more common in penetrating.  Need to be careful how you treat because anything you use can get sent venous side.

Sharma G, Singh R, Garg P. The Silent Shunt: Traumatic Splenic AV Fistula Revealed and Treated Endovascularly. Acta Med Litu. 2025;32(2):393-397. doi: 10.15388/Amed.2025.32.2.10. Epub 2025 Dec 30. PMID: 41659147; PMCID: PMC12875546.



Presenter Notes
Presentation Notes
Difficult to show pruned/irreg arteries.  Best example

Problem with kids is they have robust arterial response.  Meaning, they have intense vasospasm.  Can hide or mimic injury.  Ideally, need to warm and recess before coming to IR.  If you don’t see something but still clinically declining, may need to do “bombs away” technique which I will discuss later. 



Embolic Agents

Presenter Notes
Presentation Notes
48 hours
Up to 2-6 weeks to fully resorb



Presenter Notes
Presentation Notes
Because most of the trauma we see is blunt, will focus on how to embolize that.  Pseudo aneurysms is a little different.

Distal vs proximal embolization.  

Distal = further out where there is focal injury
Proximal = closer to splenic artery origin if there are multifocal areas of injury

Between the dorsal pancreatic and greater pancreatic

No real disadvantage of one vs the other interms of outcomes.
Madoff, D. C., Denys, A., Wallace, M. J., Murthy, R., Gupta, S., Pillsbury, E. P., Ahrar, K., Bessoud, B., & Hicks, M. E. (2005). Splenic arterial interventions: Anatomy, indications, technical considerations, and potential complications. RadioGraphics, 25(Suppl 1), S191–S211. https://doi.org/10.1148/rg.25si055504



Presenter Notes
Presentation Notes
Quencer, K.B., Smith, T.A. Review of proximal splenic artery embolization in blunt abdominal trauma. CVIR Endovasc 2, 11 (2019). https://doi.org/10.1186/s42155-019-0055-3


Collateral filling vial transverse panc, gastoepiploeic, and short gastrics

Good results, fast, even preferred by the world journal of emergency surgery.  I do not prefer this method because or patient population is young and you box yourself out.  If you need to cover a large territory I preferr.



Presenter Notes
Presentation Notes
Madoff, D. C., Denys, A., Wallace, M. J., Murthy, R., Gupta, S., Pillsbury, E. P., Ahrar, K., Bessoud, B., & Hicks, M. E. (2005). Splenic arterial interventions: Anatomy, indications, technical considerations, and potential complications. RadioGraphics, 25(Suppl 1), S191–S211. https://doi.org/10.1148/rg.25si055504




Presenter Notes
Presentation Notes
I feel like embolization with a coil/plug or filling a pseudoaneurysm makes sense, so I want to show gelfoam. Example of nontargeted embolization with gelfoam from RSNA paper.  Normal angio on the left with post embolization angio showing abrupt occlusion of multiple branches with some persistent perfusion to the parenchyma.  I don’t want to shut it all down.  Just enough to help the spleen catch up.  Artery will beat against it and it will clear.

At this point I would pull the catheter back and do another run distally with the spleen as well as at the celiac to make sure changing the system didn’t unmask another problem (bleeding or nontarget embo)




Madoff, D. C., Denys, A., Wallace, M. J., Murthy, R., Gupta, S., Pillsbury, E. P., Ahrar, K., Bessoud, B., & Hicks, M. E. (2005). Splenic arterial interventions: Anatomy, indications, technical considerations, and potential complications. RadioGraphics, 25(Suppl 1), S191–S211. https://doi.org/10.1148/rg.25si055504




The Aftermath



Post-Embolic Syndrome (PES)

• Normal inflammatory process to tissue death
• Temporary

• 24 - 72 hours after completion of procedure
• Lasts 1-2 weeks

• Personal experience in kids…varies more
• Peaks at 48hrs and lasts up to 7 days
• Generally, more nervous beyond day 7 in kids

• Low-grade fever, pain at the treatment site, nausea/vomiting, fatigue, 
mild increase in white count.

• Supportive therapy, no need to look for “infection”
• When to worry?

• >102 or beyond a week, new rising white count after initial improvement.

Presenter Notes
Presentation Notes
I find you see this less in trauma because often there are so many other things going.

It is assumed that any necrotic stuff in the embolic bed is an abscess so should get imaging



Splenic Embolization

• Complications (adult data)
• Major complications – all roughly 4%

• Rebleeding, major infarction, abscess 
• Minor complications – between 4-18%

• Fever, pleural effusion, coil migration, splenic atrophy, hematoma, access site 
complications

• Peds?
• Parenchyma

• Proximal embolization: perfusion pressure falls, collateral inflow via greater panc, 
short gastrics, and gastroepiploic maintains viability

• Segmental infarction is uncommon
• Distal: the embolized segment infarcts. It demarcates on imaging over days and 

involutes over weeks to months
• Gel foam is variable, may see small wedge shaped infarcts on follow-up CT

Presenter Notes
Presentation Notes
Large systematic review published in an international journal


The small korean study sited no embolization related complications



Does the spleen still work?

• No consistent measurement of determining residual splenic function 
after embolization in the setting of trauma.

• Selective reduction literature, need 30-50% of residual parenchyma to 
maintain function

• Vaccination?
• Eastern Association for the Surgery of Trauma (EAST)
• Conditionally recommended against routine vaccination

• Fewer infections vs splenectomy patients
• Splenic immune function did not differ from controls
• Adult guidelines
• Low certainty evidence
• Assumes some preserved spleen

• If vaccinating, wait 14 days

Presenter Notes
Presentation Notes
Practice guidelines for 2022

Ab production suboptimal until day 14 after SAE



Liver Embolization – A Different Beast

• Much higher complication rate – Adult data
• 27-50% in some series

• Hepatocytes survive on portal venous flow, bile ducts are 
exclusively arterial fed

• Morbidity centered around ischemic cholangiopathy
• Delayed presentation – days to week

• New/worsening fever, rising bili, new bilious output from a preexisting 
drain

• Higher threshold to embolize?
• IR can help manage

Presenter Notes
Presentation Notes
Why I use gelfoam



Follow-up Imaging?

• Asymptomatic, no extrav on admission CT = no additional imaging
• APSA

• Extrav on admission CT = consider before discharge, can use 
doppler US

• Continued symptoms w/ prior high-grade injury = image
• After embolization = image if clinical course demands it (new/high 

grade fever, new Hbg drop, new/worsening pain)

Presenter Notes
Presentation Notes
Extrav pts are at risk for pseudoaneurysm, also a reason to just embolize.



Presenter Notes
Presentation Notes
Area to improve?

Don’t recommend routine follow up imaging in pediatrics.  There are recommendations for adults because the need to intervene is greater.



In Summary…When to Contact Me?

• Transfused and still showing signs of ongoing bleeding
• Transient responder: Improves w/ volume and product, then drifts 

down
• Delayed Hbg drop in a patient who initially had extravasation but 

was stable
• Any post-traumatic collections
• Persistent high-grade fever after embolization



Questions?
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Questions for CME

1. What percentage of patients fail NOM?
4%

2. Are vaccinations routinely recommended to patients who have 
undergone SAE per EAST guidelines?

No
3. What type of SAE tries to preserve splenic flow via collaterals?

Proximal
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