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In the Paediatric Intensive Care Unit (PICU) an
arterial line is often inserted in critically unwell
children to allow for reliable blood pressure
monitoring and access to arterial blood for point-
of-care blood gas analysis and laboratory testing.
However, arterial catheterisation is a procedure
that carries the risk of serious complications
including impaired tissue perfusion, thrombotic
events and limb ischaemia.” The typical clinical
features of iatrogenic acute limb ischaemia (ALI)
in PICU patients include: (1) pallor (pale
discolouration, mottling, cyanosis), (2) perishingly
cold (cold to touch, use of temperature probe),
(3) pulseless (absent distal pulses in affected
limb), and (4) 3As (increasing analgesia
requirements, anxiety and agitation). Importantly,
other classical features of ALI such as pain,
paralysis and paraesthesia are less useful in a
PICU setting where patients are often sedated
and ventilated.

Most cases of iatrogenic ALl in PICU patients
are successfully managed with non-operative
management alone, with a low risk of limb loss.
King et al? quoted a limb loss risk of 0.6% in
10,394 patients >1 month of age with femoral
artery catheterisation, whilst Totapally et al®
quoted a limb loss risk of 3.1% in 961 children
with extremity arterial thrombosis.

Most commonly, patients are anticoagulated
with an intravenous heparin infusion and, if the
limb remains viable, this is generally converted to
therapeutic low molecular weight heparin for a
further 5-7 days.*® The evidence base for anti-
coagulation duration is limited, and it may be
effectively extended for up to 3 months if needed,
guided by arterial duplex and clinical assessment.”
It is important to be aware that the evidence for
heparin in children and neonates is minimal, but it

is generally considered a UK medicolegal standard.
If a negative outcome such as amputation arose
in a paediatric ALI patient not receiving appropriate
anticoagulation (except in neonates deemed to be
at high haemorrhagic risk), it would likely be
deemed to have fallen below the expected
standard of care. Other conservative measures
include the use of glyceryl trinitrate patches,
milrinone and peripheral nerve blockade &

Rarely, in cases of severe ischaemia when
conservative medical management fails, surgical
or endovascular intervention may be considered
when expertise in microsurgery, micro-sheaths,
wires and catheters may be required, especially in
neonates.'? However, such interventions, despite
being with the best of intentions, can still cause
further severe iatrogenic injury. A multidisciplinary
approach is generally required with the
involvement of vascular, paediatric and plastic
surgery; vascular interventional radiology; and
paediatric haematology if thrombolysis is being
considered. Both systemic and catheter-directed
(CD) thrombolysis may be considered. However,
systemic thrombolysis is associated with a
significant bleeding risk. Woods et al*® highlighted
that although almost 80% of paediatric patients
receiving systemic thrombolysis achieve complete
or partial thromboembolism resolution, up to 15%
have major bleeding complications. Whilst there
are no randomised controlled trials comparing
systemic and CD thrombolysis in children, low-
level evidence suggests that CD thrombolysis is
safer and more efficacious. Rizzi and Albisetti'*
describe a thrombus resolution rate of 70% with
systemic thrombolysis versus 85% for CD
thrombolysis, and a major bleeding rate of 9-40%
for systemic thrombolysis versus 7% for CD
thrombolysis.
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Open surgical intervention in very small children should be
avoided if possible. Lin et al'® found that adverse events and
postoperative mortality all occurred in those aged <2 years
(p<0.05), whilst those aged >2 years all regained palpable pedal
pulses in the follow-up period. This suggests a need for increased
caution regarding surgical intervention in children aged <2 years.
This is reflected in the European Society of Vascular Surgery
(ESVS) 2020 Management Guideline for ALI, which recommends
initial conservative management with heparin for infants and
children younger than 2 years of age. ™

In the surgical repair of iatrogenic common femoral artery
injuries in children (average age 5.8 years), Aspalter et al'®
recommended primary vein patch angioplasty using heparin,
topical papaverine, a microsurgical technique with optical
magnification and a longitudinal arteriotomy to facilitate access to
profunda femoris and superficial femoral arteries. Lin et a/'
reported outcomes of femoral artery catheter-related ALl in 14
paediatric patients (average age 4 years) managed using size #2 or
#3 Fogarty embolectomy catheters in all patients and saphenous
vein patch angioplasty in the majority. Fogarty embolectomy
catheters may cause vasospasm and intimal injury, therefore the
smallest sized catheter possible should be used with caution.

latrogenic aortic injury and/or thrombosis is a recognised
complication of umbilical artery catheterisation (UAC), which is
considered the standard of care for arterial access in neonates."”
Aortic thrombosis secondary to UAC classically presents with a
triad of congestive cardiac failure, severe hypertension and bilateral
ALL™8 In infants with mild and transient ischaemia that resolves with
catheter removal, conservative management may be all that is
required and includes heparinisation, protective wrapping of the
limb/s, reflex warming and careful observation.'®

For patients with bilateral severe ALI secondary to aortic
thrombosis from UAC, open surgical management (eg,
transabdominal aortotomy with thrombectomy) has been
advocated.'®202 However, open surgical intervention for aortic
thrombosis/iatrogenic injury within the context of UAC and bilateral
ALl should be tempered with rationalisation and discretion.
Aggressive conservative management is appropriate in the majority
of cases of ALI secondary to UAC, and thrombolysis may also be
considered within the appropriate clinical context. Current evidence
does not mandate open surgical intervention, but as a
consideration.

It is crucial to consider what constitutes a ‘realistic’ outcome
following iatrogenic ALl in the PICU population. Chaikof et al?
described their experience of operating on seven infants under the
age of 6 months on PICU with iatrogenic ALI. Although there were
no instances of limb loss, palpable pulses were restored in only
56% of limbs. Additionally, long-term outcome is often poorly
recorded, highlighting the need for appropriate follow-up. The
authors concluded that “... although thrombectomy is a safe and
simple procedure in even the very youngest of patients with arterial
insufficiency, surgical optimism should be tempered by frequent
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KEY MESSAGES

+ First-line management of iatrogenic line-associated
ALl 'in PICU patients should be conservative (catheter
removal and IV heparin) in the majority of cases,
especially for children <2 years of age.

» In patients failing to respond to conservative
management, catheter-directed thrombolysis should
be considered.

» In patients failing to respond to conservative
management, unsuitable for thrombolysis,
multidisciplinary surgical intervention should be
considered.

inability to achieve full and durable success ...". It is important for
clinicians to remember that these patients are likely to be frail and
sick neonates, and despite the notion that surgical intervention may
well be possible, it needs to be categorised and considered within
the overall holistic context.

Finally, in the devastating situation of a PICU patient with non-
salvageable ALI, amputation should be delayed for as long as
possible as the eventual line of demarcation may be some way
distal to the original line of ischaemia.?* Amputation should be
undertaken with full consideration of future prosthetic limb
application and joint contracture prevention. Amputation should be
performed by a multidisciplinary team of surgeons experienced in
paediatric major amputation, paediatricians, occupational
therapists, physiotherapists and prosthetists to ensure the best
outcome for the child.

Conclusion

latrogenic ALl in the PICU population is a rare but potentially
catastrophic event associated with the possibility of limb loss,
long-term disability and mortality. Conservative management with
anticoagulation and ongoing specialist input from a multidisciplinary
team should be considered the standard of care. The
multidisciplinary team should include clinicians from PICU, vascular
surgery, vascular interventional radiology, plastic surgery, paediatric
surgery and paediatric haematology. This multidisciplinary team
approach is likely to yield the best long-term result in most of these
patients.

Conflict of Interest: The authors declare that there is no conflict of interest.

Funding: None. The study was conducted using resources available to the authors
through their affiliated institutions.

References

1. Pierre L, Pasrija D, Keenaghan M. Arterial lines. [Updated 2023 May 17].

In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023 Jan.
Available from: https://www.ncbi.nim.nih.gov/books/NBK499989/

2. King MA, Garrison MM, Vavilala MS, Zimmerman JJ, Rivara FP. Complications
associated with arterial catheterization in children. Pediatr Crit Care Med
2008;9(4):367-71. https://doi.org/10.1097/PCC.0b013e318172d94f

3. Totapally BR, Raszynski A, Khan D, Amjad |, Biehler J. Extremity arterial

ONLINE AHEAD OF PUBLICATION



EDITORIAL

thromboses in hospitalized children: a national database analysis of prevalence
and therapeutic interventions. Pediatr Crit Care Med 2019;20(3):e154—e159.

https://doi.org/10.1097/PCC.0000000000001860

4. Wang SK, Lemmon GW, Drucker NA, et al. Results of nonoperative
management of acute limb ischemia in infants. J Vasc Surg 2018;67(5):
1480-3. https://doi.org/10.1016/j.jvs.2017.09.036

5. Andraska EA, Jackson T, Chen H, Gallagher KA, Eliason JL, Coleman DM.
Natural history of iatrogenic pediatric femoral artery injury. Ann Vasc Surg
2017;42:205-13. https://doi.org/10.1016/j.avsg.2016.11.016

6. Monagle P, Chan AKC, Goldenberg NA, et al. Antithrombotic therapy in

neonates and children: Antithrombotic Therapy and Prevention of Thrombosis,

9th ed: American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest 2012;141(2 Suppl):e737S-e801S.
https://doi.org/10.1378/chest.11-2308

7. Sadat U, Hayes PD, Varty K. Acute limb ischemia in pediatric population

secondary to peripheral vascular cannulation. Vasc Endovascular Surg 2015;

49(5-6):142—7. https://doi.org/10.1177/1538574415604059
8. Boyd S, ShahV, Belik J. A novel role for milrinone in neonatal acute limb

ischaemia: Successful conservative treatment of thrombotic arterial occlusion

without thrombolysis. BMJ Case Rep 2019;12(12).
https://doi.org/10.1136/bcr-2019-232440

9. Mosalli R, Khayyat W, Al Qarni S, Al Matrafi A, El Baz M, Paes B. Topical
nitroglycerin in newborns with ischemic injuries: a systematic review. Saudi
Pharm J 2021;29(7):764-74. https://doi.org/10.1016/}.jsps.2021.05.008

10. Baserga MC, Puri A, Sola A. The use of topical nitroglycerin ointment to treat
peripheral tissue ischemia secondary to arterial line complications in neonates.

J Perinatol 2002;22(5):416-9. https://doi.org/10.1038/sj.jp.7210713
11. De Carolis MP, Bersani |, Piersigilli F, et al. Peripheral nerve blockade and

neonatal limb ischemia: our experience and literature review. Clin Appl Thromb

2014;20(1):55-60. https://doi.org/10.1177/10760296 12458968

12. Bjorck M, Earnshaw JJ, Acosta S, et al. Editor’s Choice — European Society
for Vascular Surgery (ESVS) 2020 Clinical Practice Guidelines on the
Management of Acute Limb Ischaemia. Eur J Vasc Endovasc Surg
2020;59(2):173-218. https://doi.org/10.1016/j.ejvs.2019.09.006

13. Woods GM, Kim DW, Paden ML, Viamonte HK. Thrombolysis in children: a

JOURNAL OF VASCULAR SOCIETIES GREAT BRITAIN & IRELAND

20.

21.

22.

23.

Management of paediatric iatrogenic acute limb ischaemia. Kwan JY et al

case report and review of the literature. Front Pediatr 2022;9:814033.
https://doi.org/10.3389/fped.2021.814033

. Rizzi M, Albisetti M. Treatment of arterial thrombosis in children: methods and

mechanisms. Thromb Res 2018;169:113-19.
https://doi.org/10.1016/j.thromres.2018.07.013

. Lin PH, Dodson TF, Bush RL, et al. Surgical intervention for complications

caused by femoral artery catheterization in pediatric patients. J Vasc Surg
2001;34(6):1071-8. https://doi.org/10.1067/mva.2001.119043

. Aspalter M, Domenig CM, Haumer M, Kitzmdller E, Kretschmer G, Holzenbein

TJ. Management of iatrogenic common femoral artery injuries in pediatric
patients using primary vein patch angioplasty. J Pediatr Surg 2007;42(11):
1898-902. https://doi.org/10.1016/}.jpedsurg.2007.07.019

. Langan M. Neonatal abdominal aortic thrombus: an associated risk of

umbilical artery catheterization. J Diagnostic Medical Sonography 2015;
31(5):322-6. https://doi.org/10.1177/8756479315598864

. Krueger TC, Neblett WW, O'Neill JA, MacDonell RC, Dean RH, Thieme GA.

Management of aortic thrombosis secondary to umbilical artery catheters in
neonates. J Pediatr Surg 1985;20(4):328-32.
https://doi.org/10.1016/s0022-3468(85)80213-x

. Lin SJ, Koltz PF, Davis W, Vicari F. Lower extremity ischemia following umbilical

artery catheterization: a case study and clinical update. Int J Surg 2009;7(3):
182-6. https://doi.org/10.1016/}.ijsu.2008

Flanigan DP, Keifer TJ, Schuler JJ, Ryan TJ, Castronuovo JJ. Experience with
iatrogenic pediatric vascular injuries. Incidence, etiology, management, and
results. Ann Surg 1983;198(4):430-42.
https://doi.org/10.1097/00000658-198310000-00003

Birkhold M, Khalifeh A, Strauch E. Bilateral lower extremity ischemia due to a
retained umbilical artery catheter in a preterm neonate. J Pediatr Surg Case
Rep 2020;56:101424. https://doi.org/10.1016/j.epsc.2020.101424

Chaikof EL, Dodson TF, Salam AA, Lumsden AB, Smith RB 3rd. Acute arterial
thrombosis in the very young. J Vasc Surg 1992;16(3):428-35.

Arshad A, McCarthy MJ. Management of limb ischaemia in the neonate and
infant. Eur J Vasc Endovasc Surg 2009;38(1):61-5.
https://doi.org/10.1016/j.ejvs.2009.03.010



