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Vorführender
Präsentationsnotizen
Although RFA has been accepted as a safe technique to treat liver tumors, any interventional procedure may produce complication even if it is qualified as a minimal invasive modality. Investigation of he complications of RFA has been limited to case reports and some results from multicenter analyses. Important strategies for decreasing the rate of complications are: prevention, early detection and management…….the main prupose is to avoid these complications. ….a broad spectrum of major complications so taht these strategies may be used.
Several strategies for avoiding or limiting the impact of complications after RFA are recommended…….
Knowledge of the different complications and management enable the interventionalist/operator to minimize the effects of any complications that may occur after RFA




Terminologie ITerminologie I  
Komplikationen oder Komplikationen oder collateralscollaterals??

Collateral effects („undesired
consequences“):

Schmerz
„Flu-like“ Symptome (Fieber, Myalgien, 
Übelkeit)
Asymptomatische PE
Asymptomatischer Verhalt

SN Goldberg and The

 

International Working

 

Group on Image-Guided

 

Tumor Ablation: Radiology

Vorführender
Präsentationsnotizen
Side effects are “undesired consequences” that may occur frequently but rarely if ever result in substantial morbidity. These include pain….and thermal damage to adjacent structures without evidence of sequelae e.g. the perihepatic fat that does not lead to an increased level of care.
For pain you can download the document from the NCI web site under CTC common toxicity criteria (grad 1 is mild pain without interference with function, grad 2  is moderate pain without interference with activities).
Flu like is a transient self limiting symptom the duration depends on the volume of necrosis produced and the overall condition of the patient. the majority of patients will experience some malaise for 2 – 7 days depending on on the volume of necrosis produced and the overall condition of the patient
A standardized system should be used and complications should be reported by using the SIR standard table for their characterization.



„Immediate“ (6-24 Stunden nach 
Intervention)
Periprozedural (innerhalb 30 Tage)
„Delayed“ (> 30 Tage nach Intervention) 

www.CVIR.org/com

TerminologieTerminologie  IIII  
Zeitpunkt der KomplikationenZeitpunkt der Komplikationen

Vorführender
Präsentationsnotizen
Differentiation between immediate peri and delayed is advised, this give the user/reader an idea of when specific complications are most likely to occur and assist in defining how to avoid or minimize these complications. It is important to specify the delay and to report the complications on a patient by patient basis and especially wether the denominator represents the number of session or the number of tumors +++



SIR Standardstabelle:
A-B: minor Komplikationen („no/sympt ttt“)
C-E: major Komplikationen

C: < 48h stationär
D: ttt > 48h
E: dauerhafte SAE

F: Mortalität innerhalb 30 Tage (Bericht über 
Ursache des Todes++)

Vorführender
Präsentationsnotizen
Major complications lead to ……..or results in….. This includes blood transfusion or interventional drainage procedure.
It is important to stress that tumor seeding or pneumothorax can be either major or minor depending on their severity. For tumor seeding this would depend on wether the tumor may be treated or not.
The definition of death is self-explanatory and should be reported on a per-patient basis. Any patient death within 30 days of IGRFA should be adressed (SIR classification F). The specific cause of death should be reported, with the degree of causality to the ablation.




Abszess
Blutungen
Tumorzell-Implantation
Gefährdete Strukturen
Verbrennungen
Thrombosen
Pneumothorax

Spektrum der KomplikationenSpektrum der Komplikationen

Mulier S, J Surg Oncol 2002; 89:1206-1222
Livraghi T, Radiology 2003;226:441-451
De Baere T, AJR 2003; 181 : 695-700
Rhim H, Radiographics 2003; 23 : 123-134 
Curley S, Ann. of surg 2004; 239 : 450-458
Akahane M, Radiographics 2005 : 57-68

Vorführender
Präsentationsnotizen
There are some multicenter survey coming from italia and corea reporting the main major complications….



Abszess
Blutungen
Tumorzell-Implantation
Gefährdete Strukturen
Verbrennungen
Thrombosen
Pneumothorax

Spektrum der KomplikationenSpektrum der Komplikationen

Mulier S, J Surg Oncol 2002; 89:1206-1222
Livraghi T, Radiology 2003;226:441-451
De Baere T, AJR 2003; 181 : 695-700
Rhim H, Radiographics 2003; 23 : 123-134 
Curley S, Ann. of surg 2004; 239 : 450-458
Akahane M, Radiographics 2005 : 57-68

Vorführender
Präsentationsnotizen
There are some multicenter survey coming from italia and corea reporting the main major complications….



Patient #1 mit Lebermetastase Patient #1 mit Lebermetastase 
und ausgedehnter und ausgedehnter AblationAblation

? Abszess?

Vaporisation ?



Patient #1 mit Lebermetastase Patient #1 mit Lebermetastase 
und ausgedehnter und ausgedehnter AblationAblation

Ablationsende
n. 48 h



Patient #2 mit Lebermetastasen und Patient #2 mit Lebermetastasen und 
ausgedehnter ausgedehnter AblationAblation: : AbszessAbszess

n. 48 h
Tag 6



Vor Intervention: Cholangitis/Cholezystitis
Immunkompromitierter Patient (e.g. OLT)
Diabetes
Z.n. TACE Rhim et al, Radiographics 2004

KomplikationsmanagementKomplikationsmanagement  
Infekt/IntrahepatischerInfekt/Intrahepatischer  AbszessAbszess  CAVE!!!CAVE!!!

Vorführender
Präsentationsnotizen
Abscess is one of the most common complication encountered after RFA.. Secondary bacterial contamination of the ablated area may lead to abscess formation. Abscess are recognizable at least 1 week after RFA. The high risk factors include a colonized biliary tract after bilioenteric anastomoses or endoscopic papillotomy or in patients with immun compromised conditions. We had 3 abscesses in our series, two after bilioenteric anastomoses and one in a patient wit immun depression and diabetes. TACE is reported but not in our experience.
Gas within the ablated area immediately after RFA might not be misinterpreted as gas in an abscess formation. 



Cholangitis/Cholezystitis:
Biliodigestive Anastomose, Papillotomie, externe 
biliäre Drainage, Aerobilie unklare Genese
Nach Stent?

Immunkompromitierter Patient (e.g. OLT)
Diabetes
Z.n. TACE Rhim et al, Radiographics 2004

KomplikationsmanagementKomplikationsmanagement  
Infekt/IntrahepatischerInfekt/Intrahepatischer  AbszessAbszess

Elias D, de Baere T, Gastroenterol Clin Biol

Vorführender
Präsentationsnotizen
Abscess is one of the most common complication encountered after RFA.. Secondary bacterial contamination of the ablated area may lead to abscess formation. Abscess are recognizable at least 1 week after RFA. The high risk factors include a colonized biliary tract after bilioenteric anastomoses or endoscopic papillotomy or in patients with immun compromised conditions. We had 3 abscesses in our series, two after bilioenteric anastomoses and one in a patient wit immun depression and diabetes. TACE is reported but not in our experience.
Gas within the ablated area immediately after RFA might not be misinterpreted as gas in an abscess formation. 



CAVE: Patient after
 

OLT

HCC

gas

gas

gas

capsule

KomplikationsmanagementKomplikationsmanagement  
ImmunkompromitierteImmunkompromitierte

 PatientinPatientin

Vorführender
Präsentationsnotizen
3 weeks after ablation patient complained of prolonged fever. CT scan showed a gas-containing abscess in the ablated area.



1.
 

Muß
 

vom „postablation
 

syndrom“
 

differenziert 
werden:

a.
 

Wenn Fieber > 1 Woche
b.

 
Spezifische Gasverteilung
Perkutane Drainage
Antibiotherapie in high-risk Patienten (Präventiv++):
tazobactam + piperacilline 2gr iv
levofloxacin 500mg + metronidazol 3x400mg p.o. 
Bei Allergie: ciprofloxacin 3x500mg

KomplikationsmanagementKomplikationsmanagement  
Infekt/IntrahepatischerInfekt/Intrahepatischer  AbszessAbszess

Vorführender
Präsentationsnotizen
It may be difficult to differentiate fever as a component of the post ablation syndrome from that secondary to an abscess.




Abszess
Blutungen
Tumorzell-Implantation
Gefährdete Strukturen
Verbrennungen
Thrombosen
Pneumothorax

Spektrum der KomplikationenSpektrum der Komplikationen

Mulier S, J Surg Oncol 2002; 89:1206-1222
Livraghi T, Radiology 2003;226:441-451
De Baere T, AJR 2003; 181 : 695-700
Rhim H, Radiographics 2003; 23 : 123-134 
Curley S, Ann. of surg 2004; 239 : 450-458
Akahane M, Radiographics 2005 : 57-68

Vorführender
Präsentationsnotizen
There are some multicenter survey coming from italia and corea reporting the main major complications….



Courtesy

 

of Dr. R. Hoffmann



2 Patienten mit Lebermetastasen 2 Patienten mit Lebermetastasen 
nach einfacher Punktionnach einfacher Punktion: : 

KapselhKapselhäämatommatom
MR-imagingCT-imaging



Die häufigste Komplikation nach 
perkutanem Eingriff 
(2. häufigste nach Thermoablation; 1. Infekt/Abszess)

CAVE /Leber! häufiger in Patienten mit 
HCC (Gerinnung)
Meist durch direkte Punktion des Gefäßes

KomplikationsmanagementKomplikationsmanagement  
BlutungenBlutungen

Vorführender
Präsentationsnotizen
Bleeding is the most frequent complication of RFA especially for HCC because of the coagulopathy associated with the underlying liver cirrhosis. 



Komplikationsmanagement Komplikationsmanagement 
Kapselblutung: FragenKapselblutung: Fragen……..

1.
 

Venöse oder arterielle Blutung?
2.

 
Hb

 
wirksam?

3.
 

Intrahepatische
 

oder extrahepatische
 

Arterie 
(interkostale, epigastrica, Ligamentarterie

 
etc..?)

4.
 

Ablation
 

unterbrechen?
5.

 
Chirurgen rufen!



Komplikationsmanagement Komplikationsmanagement 
Kapselblutung: Was tun??Kapselblutung: Was tun??

1.
 

Venöse oder arterielle Blutung?
2.

 
Hb

 
wirksam?

3.
 

Intrahepatische
 

oder extrahepatische
 

Arterie (interkostale, epigastrica, 
Ligamentarterie

 
etc..?)

4.
 

Ablation
 

unterbrechen?
5.

 
Chirurgen rufen!

a.
 

CT/MRT: arterielle KM-Phase
b.

 
besser sofort Angio/ Dyna-CT



CE-CT 2h post RFA

Komplikationsmanagement Komplikationsmanagement 
Kapselblutung: Was tun??Kapselblutung: Was tun??

arterielle 
KM-Phase



Komplikationsmanagement Komplikationsmanagement 
VenVenöösese  KapselblutungKapselblutung

1.
 

Venöse blutung:
a.

 
Koagulation des Punktionstraktes

b.
 

Okklusion/Kompression
c.

 
Naht mit 4/0 od. 3/0



Arterial
 bleeding

Coil
 

embolization

KomplikationsmanagementKomplikationsmanagement  
arterielle arterielle blutungblutung: : EmbolisationEmbolisation



1.
 

Suffiziente Gerinnung:
Quick > 50%
Thrombozyten > 60000/mcl
PTT < 50s
INR < 2 (Normbereich 1-1.5)

2.
 

Aktuelles Labor < 24-48 Stunden vor Intervention
3.

 
Nach Thermoablation: Koagulation des 
Punktionstraktes (?) 

4.
 

Planung
 

++
 

präinterventionelle
 

Bildgebung
 

mit KM 
wenn „Region at risk“, z.B. intrahepatische

 Arterie/Vene, A. epigastrica
 

sup./A. mammaria
 

int./A. 
gastrica

 
dextra

Komplikationsmanagement: Komplikationsmanagement: 
PrPrääventionvention

Vorführender
Präsentationsnotizen
RFA should be delayed until the coagulopathy has been corrected or is sufficient especially in patients with liver cirrhosis:
Laboratory tests are essential for early detection and proper management of this potentially life threatening complication. 
Venous bleeding tends to be self limiting with blood transfusions but arterial bleedings  must be embolized




Optimierung RFA: PrOptimierung RFA: Prääventionvention  Koagulation des PunktionstraktesKoagulation des Punktionstraktes
No bleeding in 278 patients with tract ablation

Bleeding in 0.9% of 1154 without tract ablation

Mulier S, J Surg Oncol 2002; 89:1206-1222



1.
 

Suffiziente Gerinnung:
Quick > 50%
Thrombozyten > 60000/mcl
PTT < 50s
INR < 2 (Normbereich 1-1.5)

2.
 

Labor < 24-48 Stunden vor Intervention
3.

 
Nach Thermoablation: Koagulation ++ 

4.
 

Planung ++
 

präinterventionelle
 

Bildgebung
 

mit KM 
wenn „Region at risk“, z.B. intrahepatische

 Arterie/Vene, A. epigastrica
 

sup./A. mammaria
 int./A. gastrica

 
dextra

Komplikationsmanagement: Komplikationsmanagement: 
PrPräävention &vention &  BlutungenBlutungen

Vorführender
Präsentationsnotizen
RFA should be delayed until the coagulopathy has been corrected or is sufficient especially in patients with liver cirrhosis:
Laboratory tests are essential for early detection and proper management of this potentially life threatening complication. 
Venous bleeding tends to be self limiting with blood transfusions but arterial bleedings  must be embolized




Abszess
Blutungen
Tumorzell-Implantation
Gefährdete Strukturen
Verbrennungen
Thrombosen
Pneumothorax

Spektrum der KomplikationenSpektrum der Komplikationen

Mulier S, J Surg Oncol 2002; 89:1206-1222
Livraghi T, Radiology 2003;226:441-451
De Baere T, AJR 2003; 181 : 695-700
Rhim H, Radiographics 2003; 23 : 123-134 
Curley S, Ann. of surg 2004; 239 : 450-458
Akahane M, Radiographics 2005 : 57-68

Vorführender
Präsentationsnotizen
There are some multicenter survey coming from italia and corea reporting the main major complications….



Patient #4 mit HCCPatient #4 mit HCC  Z.nZ.n. . MesohepatektomieMesohepatektomie, jetzt RFA, jetzt RFA

Vorführender
Präsentationsnotizen
Two metastases of a leiomyosarcoma of the stomac are seen in this image, one of the tumor is adherent to the stomach. This image shows the RF electrode and the insuflated balloon. Electrode was placed in the tumor after the balloon was interposed between the liver tumnor and the stomach.. Tumors were previuosly embolized because of their hypervascularized character.  There was no complication after a complete ablation  no recurrence 3 months after RFA



Patient #5 mit CRMPatient #5 mit CRM  RFA ?RFA ?

Vorführender
Präsentationsnotizen
Two metastases of a leiomyosarcoma of the stomac are seen in this image, one of the tumor is adherent to the stomach. This image shows the RF electrode and the insuflated balloon. Electrode was placed in the tumor after the balloon was interposed between the liver tumnor and the stomach.. Tumors were previuosly embolized because of their hypervascularized character.  There was no complication after a complete ablation  no recurrence 3 months after RFA



dangerous 
locations

unfavorable 
locations

Stomac

Bile ducts

Surrenals, 
Bowel

Diaphragma

Komplikationen:Komplikationen:  
Thermische Thermische LLääsionen....lessonssionen....lessons  learnedlearned

Vorführender
Präsentationsnotizen
Several strategies for avoiding or limiting the impact of complications after RFA are recommended…….
Knowledge of the different complications and management enable the interventionalist/operator to minimize the effects of any complications that may occur after RFA



Kolon, Jejunum

Magen

Nebenniere
Diaphragma, GB

Niere

Komplikationen:Komplikationen:  
Thermische Thermische LLääsionensionen



Surrenal
 

gland

Komplikationen:Komplikationen:  
Thermische Thermische LLääsionensionen

Vulnerabilität: 
Kolon > Magen
CAVE !

1.
 

Nach Chirurgie (Kolon 
Resektion) weil Adhäsionen

2.
 

Kontakt oder Nähe <1cm (GB)
3.

 
Nebenniere…..hypertensive

 Krise

Vorführender
Präsentationsnotizen
The colon is more vulnerable than the stomach to thermal damage because it is relatively fixed with a thin wall compared with the stomach. 
In the italian survey 6 of 7 cases of gastrointestinal perforations occured in patients who had undergone prior surgery colonic resection. Most of these patients have fibrotic adhesions that fixed the gastrointestinal tract to the liver and therefore to the region to be heated/treated.




D5
 W

3 months
 

after
 

RFA:
 No recurrence

Komplikationsmanagement:Komplikationsmanagement:  HydrodissektionHydrodissektion
 oder Luft oder oder Luft oder 

UmlagerungUmlagerung



Yamakado

 

et al, in JVIR 2003

RF-
 electrode

Insuflated
 balloon

3 months
 

after
 

RFA: no recurrence

+ Acid
 

blockade
 

with
 Esomeprazol

 
mups

 
2x20mg

Komplikationsmanagement:Komplikationsmanagement:  HydrodissektionHydrodissektion
 

oder oder BalloonBalloon--InterpositionInterposition

Vorführender
Präsentationsnotizen
Two metastases of a leiomyosarcoma of the stomac are seen in this image, one of the tumor is adherent to the stomach. This image shows the RF electrode and the insuflated balloon. Electrode was placed in the tumor after the balloon was interposed between the liver tumnor and the stomach.. Tumors were previuosly embolized because of their hypervascularized character.  There was no complication after a complete ablation  no recurrence 3 months after RFA



Laparoskopisch oder offen oder 
TACE/PEI
Near real-time MR-Bildgebung mit 
Thermo-Monitoring+++
Needle-like Applikatoren sind > 
Schirmelektrode

Komplikationsmanagement:Komplikationsmanagement:  
……....oder chirurgischoder chirurgisch

Vorführender
Präsentationsnotizen
Because one of the prongs of an expandable electrode may penetrate the bowel wall and may not be perceived by the operator especially if he is using US+++

Lack of thermal damages inflammation of the structures between liver and bowel



Abszess
Blutungen
Tumorzell-Implantation
Gefährdete Strukturen
Verbrennungen
Thrombosen
Pneumothorax

Spektrum der KomplikationenSpektrum der Komplikationen

Mulier S, J Surg Oncol 2002; 89:1206-1222
Livraghi T, Radiology 2003;226:441-451
De Baere T, AJR 2003; 181 : 695-700
Rhim H, Radiographics 2003; 23 : 123-134 
Curley S, Ann. of surg 2004; 239 : 450-458
Akahane M, Radiographics 2005 : 57-68

Vorführender
Präsentationsnotizen
There are some multicenter survey coming from italia and corea reporting the main major complications….



Häufiger mit neuen 
Power-Generatoren
…. > 1 
Ableitungselektrode 
werden notwendig 
sein (Stromdichte ++)

First degree

 

burn

 

up to….third

 

degree

 

skin

 

burn

KomplikationenKomplikationen  
Verbrennungen: Verbrennungen: GroundingGrounding  padspads

Vorführender
Präsentationsnotizen
The risk of burns increased with the introduction of high power monopolar generators that necessitated an increase in the surface area of the grounding pads.
Grounding pad burn in a 62 year old patient with HCC. Photograph shows third degree skin burns that developed at the grounding pad sites after RFA of multiple HCCs. Skin grafts.



1.
 

Breitere Seite des Pads
 

in 
Richtung aktiver Elektrode

2.
 

Trockene Oberfläche
3.

 
Pad-Check

 
insbesondere wenn 

höhe
 

Energie-Applikation
4.

 
Distanz zwischen Applikatoren

 und Pads
 

erhöhen
5.

 
Symmetrische Platzierung der 
Pads

….third

 

degree

 

skin

 

burn

KomplikationsmanagementKomplikationsmanagement  
Verbrennungen: Verbrennungen: „„GroundingGrounding  padspads““



LeberLeber  ThermoablationThermoablation  & & 
KomplikationsmanagementKomplikationsmanagement  & & 

RisikofaktorenRisikofaktoren

2,320 patients with 3,554 tumors (1,610/693/17)
0.3% deaths (MOF following perforations, liver failure)
Peritoneal hemorrhage, seeding, abscess, perforation

Increased number of RFA sessions: 2.2 sessions (p<.01)

Livraghi
 

et al in Radiology, 2003. A multicenter
 

italian
 study.



608 patients with 1,225 tumors (op. 382/perc. 226)
3 deaths (MOF and liver failure)

Early complications in patients with open RFA (p<.01)

More complications in patients with cirrhosis (p<.05)

Curley
 

et al, 2004 A multicenter
 

american
 

study

LeberLeber  ThermoablationThermoablation  & & 
KomplikationsmanagementKomplikationsmanagement  & & 

RisikofaktorenRisikofaktoren



312 patients with 350 RFAs
124 intraoperative vs 226 percutaneous RFA

Portal vein thrombosis in cirrhotic liver (p<.00001)

Abscess in patient with bilioenteric anastomosis
(p<.00001)

De baere
 

et al, AJR 2003

LeberLeber  ThermoablationThermoablation  & & 
KomplikationsmanagementKomplikationsmanagement  & & 

RisikofaktorenRisikofaktoren



Sepsis +++
Leberdekompensation ++

Peritonitis
Abszess
PVT
Verletzung der Gallenwege

KomplikationsmanagementKomplikationsmanagement  
MortalitMortalitäätt: : UrsacheUrsache

…….häufiger nach agressiver RFA

Vorführender
Präsentationsnotizen
Sepsis and hepatic failure are  associated with the highest mortality rate. The most common cause of liver failure reported in the literature are…….



Danke 
!!



31%

21%23%

7%

1%

17%
Radiology
Surgery
Gastroenterology
Anesthesiology
Varia
Reviews

Medline research 2010Medline research 2010

91 publications
 

& complications
 

related
 

to liver
 

RFA



55% =Reports 
of complications

22; 31%

45%: How
 

to avoid, to 
minimize

 
or

 
to treat

 complications
 

?

Radiology Peritoneal
 

hemorrhage

Neoplastic
 

seedings

Intrahepatic
 

Abscess

Intestinal
 

perforations
 

(US)

Organ 
displacement

Tract
 

coagulation

Drug therapies

Better
 

imaging

Medline research 2010Medline research 2010



15; 21%
13%: How

 
to avoid

 
or

 
to 

minimize
 

complications
 

?

87% =Reports of 
complications

Surgery
Portal vein

 thrombosis

Hyperkaliemia

Intrahepatic
 

Abscess

Cooling
 

of the
 bile

 
ducts

Medline research 2010Medline research 2010



16; 23%

Gastroenterology

94% =Reports 
of complications

6%: How
 

to treat
 complications

 
?

Bile
 

duct
 

injury
 treated

 
by

 
ERC

Peritoneal
 

hemorrhage

Neoplastic
 

seedings

Intestinal
 

perforations

Bile
 

duct
 

injuries

Intrahepatic
 

Abscess

Medline research 2010Medline research 2010



5; 7%

Anesthesiology

100% =Reports 
of complications Elevated

 
body

 
temperature

Pulmonary
 

embolism

Medline research 2010Medline research 2010
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