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Aims
To discuss the present role of cardiovascular surgery for retroperitoneal tumours that propagate intrathoracic tumour thrombi (ICTT) in the inferior vena cava (IVC).  We have previously proposed two subgroups of ICCT, mirroring the Levels III and IV of the wider ‘Neves and Zincke’ classification: ICTT-III (extracardiac) extending just above the hepatic veins and ICTT-IV (intracardiac). 

Methods
Review of case series on radical surgery for ICTT.  Reflection on the potential role of the cardiovascular surgeon.
Results (Table) 
We note the domination of urological publications on the topic: We had previously identified and retained for data extraction 29 series with 784 patients, 453 cases of extracardiac and 331 of intracardiac tumour thrombi. Average age was 59 years. 98% of the tumours were Renal cell Carcinomas (RCC), 1% adrenal and Wilms’ tumours and 1% transitional cell carcinomas. 
The prevalent incision was chevron (rooftop) with or without tandem sternotomy. Mortality was 10% (5% for ICTT-III, 15% for ICTT-IV). Morbidity was 56% (36% for ICTT-III, 64% for ICTT-IV). Bleeding necessitating reoperation was the commonest complication (14%). The transfusion requirements reflected the estimated blood loss:  2.6 L of blood loss and 2.4 L of blood products for the ICTT-III subgroup and 3.7 L of blood loss and 3.5 L of blood products for ICTT-IV. Operative and anaesthetic times exceeded 5 hours   Hospital stay averaged 13 days. 

Variations in perioperative care included: pre-operative embolisation, peri-operative transoesophageal echo (TOE) to assess the extent of the tumour and especially intracardiac extension, surgical incisions and use of extracorporeal circulation (perfusion)

Cardiac thrombus impaction was a well reported lethal intraoperative event salvaged by emergency cardiopulmonary bypass. Planned conduction of extracorporeal perfusion prevents that risk.
Conclusions
Surgery for ICTT is resource-intensive and urology-led so far: The vast majority of (overall rare) ICTT are of renal origin (RCC). Their potential for lethal cardiac impaction, rends them especially awkward for radical extirpation. The perioperative decision making is complex. Therapeutic pre-operative tumour embolisation has been controversial.
Such operations require provision for cardiopulmonary bypass, massive transfusion and prolonged in-hospital recovery times. Intracardiac ICTT command higher risk and absorb higher level resources than extracardiac ICTT, especially blood products and operating/anaesthetic time.

We maintain that there is an increasing distinct role for the cardiovascular team in the multidisciplinary management of ICCT. The interventional /catheter subspecialists may claim also an increasing role in future, particularly in preoperative planning and embolic protection.  The risk management afforded by planned cardiopulmonary bypass and its adjunct technologies (anticoagulation, cell salvage) that rend our cardiovascular expertise important for these rare tumours.
Table: Intrathoracic Caval Tumour Thrombi, cumulative perioperative data (from our previous publication)
	
	Total
	ICTT-III
	ICTT- IV

	N
	784
	453
	331

	Age
	59
	52
	56

	Gender
	
	
	

	-Male
	62%
	70%
	53%

	-Female
	38%
	30%
	43%

	Primary Tumour Side
	
	
	

	-Right
	64%
	76%
	54%

	-Left
	36%
	24%
	46%

	Histology
	
	
	

	-Renal Cell Carcinoma
	98%
	99%
	98%

	-Wilms or, Adrenal 
	1%
	1%
	1%

	-Transitional L Cell Carcinomas
	1%
	0%
	1%

	Pre-embolisation strategies
	29%
	22%
	30%

	Echo studies
	88.50%
	83.50%
	89%

	Incision
	
	
	

	-Midline Laparotomy
	11%
	16%
	2%

	-Midline Laparotomy+Sternotomy
	26%
	20%
	38%

	-Thoracoabdominal
	3%
	4%
	6%

	-Chevron
	34%
	51%
	8%

	-Chevron+Sternotomy
	27%
	9%
	46%

	IVC Resection and graft
	12%
	5%
	19%

	IVC clamps
	
	
	

	-Partial
	22%
	22%
	21%

	-Complete
	57%
	71%
	32%

	Piggy-back' Liver
	62%
	72%
	40%

	Pringle Manoeuver
	59%
	60%
	40%

	Perfusion Strategies
	
	
	

	-None
	51%
	84%
	12%

	-Cardiopulmonary Bypass without Arrest 
	44%
	10%
	84%

	-Circulatory  Arrest
	35%
	10%
	59%

	-Venous bypass
	5%
	6%
	4%

	Cardiopulmonary Bypass times
	103 min
	88 min
	106 min

	Circulatory Arrest times
	25 min
	23 min
	26 min

	Procedure duration
	358 min
	339 min
	378 min

	Anaesthesia time
	362 min
	331 min
	396 min

	Estimated blood Loss
	3190 mL
	2665 mL
	3724 mL

	Volume of Transfusion
	3142 mL
	2404 mL
	3548 mL

	Mortality
	10%
	5%
	15%

	Morbidity
	56%
	36%
	64%

	-Haemorrhage and reoperation
	14%
	9%
	26%

	-Deep venous Thrombosis
	2%
	1%
	1%

	-Pulmonary Embolism
	3%
	2%
	5%

	-Myocardial Infarction
	1%
	3%
	0

	-Dysrhythmias
	2%
	2%
	2%

	-Abdominal complications
	5%
	10%
	6%

	-Sepsis/Infectious complications
	4%
	4%
	6%

	-Acute Renal Failure
	4%
	4%
	6%

	-Any other complications
	3%
	4%
	5%

	Length of Hospital Stay
	13
	14
	13


