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Abstract

AIM: To compare a modified technique preserving
brain circulation during cardiopulmonary by-pass (CPB)
for radical nephrectomy and caval thrombectomy, to
the standard technique.

METHODS: Retrospective evaluation of an institutional
database that collects the data of patients submitted to
nephrectomy and removal of caval thrombosis with CPB
since 1998. In period between 1998 and 2007, CPB fol-
lowed a standard technique (group sCPB); then, since
2008, a variation in the perfusional technique was intro-
duced, allowing the anterograde perfusion of brain cir-
culation during circulatory arrest (group CPB + BP) with
the aim to reduce the risk of ischemic damage to the
brain and also the need of deeper hypothermia. Patients
(age, gender, comorbidity) and tumor characteristics
(side, histology, staging, level of thrombosis), as well as
parameters of CPB (times of CPB, aortic clamping and
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circulatory arrest, minimum temperature reached during
hypothermia), intra- and perioperative morbidity (com-
plications in general, bleeding, renal and hepatic failure)
and mortality were analyzed and compared between 2
groups (sCPB vs CPB + BP)

RESULTS: The data of 24 patients, respectively 9 in sCPB
group and 15 in CPB + BP group, have been reviewed. No
differences in the characteristics of patients and tumors
were observed. Only 1 (11.1%) and 4 (26.0%) of sCPB
and CPB + BP patients, respectively, didn't experience any
event of complication. In sCPB group were observed 15
events of complication (5 of which Clavien = 3, 33% of
the events), for a mean of 1.66 events/patient; 29 events
(10 Clavien = 3, 30.3%), in the CPB + BP group, for a
mean of 2.1 events/patient. 1 (11.1%) and 2 (14.2%)
deaths occurred, respectively. For patients submitted to
CPB + BP, the minimum temperature reached was signifi-
cantly higher (29.9 'C vs 26.4 C, P = 0.001), the time of
circulatory arrest was longer (17.4 min vs 13.7 min, NS),
but the overall time of CPB shorter (76.1 min vs 92.5 min,
NS), albeit these latter differences were not statistically
significant. No differences in terms of bleeding, impair-
ment of renal function (post-operative Cr > 2.0 mg/dL re-
spectively in 44.4% vs 35.7% of cases, in the two groups,
NS) or hepatic insufficiency (post-operative GOT or GPT
> 50 U/L respectively in 44.4% and 66.7% of patients,
NS) were noted. Average follow-up was 51 mo in patients
undergoing a sCPB and 12 mo in the CPB + BP group of
patients; at the last follow-up, 7 patients had died of pro-
gression of the condition (4 in the first group and 3 in the
second group, respectively), 7 were alive in progression
and 10 had no evidence of the disease.

CONCLUSION: The perfusional technique that main-
tains brain perfusion during circulatory arrest limits hy-
pothermia and lowers time of CPB, without rising the
risk of renal and hepatic injury.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Surgery for renal cell carcinoma with caval
thrombosis extended to the diaphragm or right atrium
is burdened by a high risk of complications. The adop-
tion of a modified technique of cardiopulmonary by-
pass that maintans the perfusion of brain circulation,
doesn’t add morbidity to the procedure and can be in
principle of benefit, since it shortens the duration of
surgery and requires a less deep hypothermia.

Antonelli A, Bisleri G, Mittino I, Moggi A, Muneretto C, Cos-
ciani Cunico S, Simeone C. Cardiopulmonary bypass with brain
perfusion for renal cell carcinoma with caval thrombosis. World
J Clin Urol 2014, 3(2): 127-133 Available from: URL: http://
www.wjgnet.com/2219-2816/full/v3/i2/127.htm DOI: http://
dx.doi.org/10.5410/wjcu.v3.i2.127

INTRODUCTION

Renal carcinoma (RCC) is extremely angiotropic and may
extend into the venous circulation, from the renal vein
to the right sections of the heart'. Lacking an effective
medical treatment, surgery is still the only available treat-
ment, leading to 5-year cancer-specific survival rates of
up to 70%7.

When the thrombosis reaches the diaphragm, the
surgical treatment requires a combination of abdominal
and thoracic approaches in order to achieve an extensive
removal of the thrombus within the inferior vena cava
and the right atrium by means of cardiopulmonary by-
pass (CPB) and circulatory arrest. Even if other strate-
gies have been also suggested to avoid circulatory arrest
or even CPB (i.e., CPB under mild hypothermia without
cardiac arrest, veno-venous by-pass by means of cavo-
atrial shunt and “milking” manoeuvre below the major
hepatic veins without CPB™), CBP with circulatory ar-
rest is probably the most widely accepted surgical strat-
egy for these patients.

This procedure itself is burdened by a high risk of
bleeding, which is in part due to the need of blood
heparinization during the exanguination of the patient,
but also to the coagulation disorders caused by deep
hypothermia, used in order to minimise the potential pa-
renchymal damage (in particular to the brain) caused by
the circulatory arrest.

In an attempt to further improve patients’ clinical
outcomes, at our institution since 2007 a novel CPB
technique has been adopted which allows for antegrade
cerebral perfusion during circulatory arrest in mild hy-
pothermia. The purpose of this study was therefore to
review the results achieved by means of this novel tech-
nique (cardiopulmonary bypass with cerebral perfusion-
CPB + BP, Figure 1) and compare it with the conven-
tional technique (standard cardiopulmonary bypass with-
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out cerebral perfusion-sCPB), with respect to intra- and
post-operative outcomes.

MATERIALS AND METHODS

This study included all patients undergoing a procedure
including nephrectomy and removal of thrombosis with
CPB at our Institution since 1998, because since that
year a specific database to store all the surgical data of
these patients was generated.

The indication for the removal of thrombosis with
the aid of CPB was done for all those cases in which the
preoperative assessments revealed that the upper level
of thrombosis reached the right atrium or above. All the
patients were studied by electronic computer X-ray to-
mography technique (CT), magnetic resnane iamge (MRI),
trans-esophageal echocardiography and coronarography,
in order to evaluate the extent and features of the throm-
bosis as well to rule out any potential concomitant heart
disease.

The surgical approach implies a bilateral subcostal
incision and a median sternotomy, separated by a short
skin bridge, with the aim to improve the healing of the
sternal incision by keeping it separate from the abdomi-
nal one. Once the abdominal vena cava and aorta have
been isolated and the renal artery ligated, the kidney
is mobilised while preserving only the renal vein; once
the CPB has been instituted, before the cavotomy, the
inferior vena cava caudal to the thrombosis and the con-
tralateral renal vein are clamped with tourniquets. Then,
once mild hypothermia is achieved, cardioplegia solution
is delivered and the general circulation is arrested; finally,
the right atrium and the lower abdominal vena cava are
opened in order to remove the thrombosis and to com-
plete the nephrectomy.

From 1998 to 2007, CPB has been carried out using a
standard central cannulation technique, achieving moderate
hypothermia (25 "C) during circulatory arrest (sSCPB group).

Instead, since 2007 to date, a variation of such tech-
nique has been adopted (CPB + BP group), to maintain
cerebral perfusion so that mild hypothermia was suf-
ficient during the circulatory arrest. As we previously
described”, once the pericardium is opened, the aortic
arch is prepared as to allow exposure of the supra-aortic
vessels; the ascending aorta is cannulated, as well as the
right atrium and the superior vena cava. Once moderate-
mild hypothermia has been reached (30 C), the aorta
is clamped and a cardioplegic solution is administered;
then, an additional clamp is positioned on the aortic
arch between the left common carotid artery and the left
subclavian artery. Following opening of the right atrium,
venous drainage is obtained exclusively vz the cannula

previously inserted into the superior vena cava: there-
fore, cerebral perfusion is maintained through the aortic
arch while the patient is on systemic circulatory arrest,
allowing for a bloodless field both on the cardiac and
abdominal sides.

In the present study, the level reached by the thrombo-

sis was classified according to the Mayo Clinic system; co-
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Figure 1 Sketch of the technique of incannulation adopted for CPB+BP:
when right atrium and superior vena cava are cannulated, venous flow
(blue arrows) after oxygenation is pumped into the aortic arch clamped
(aclamps) between the brachio-cefalic trunk and the left carotid artery. RA:
Right atrium; SVC: Superior vena cava; AA: Aortic arch.

Figure 2 Extraction of the thrombus through a cavotomy (A) and exami-
nation of the caval lumen in a completely bloodless field (B).

morbidities were scored according to the Charlson-Romano
score; post-operative complications were recorded up to
30 d after surgery according to the Clavien-Dindo systemlgj.

Statistical analysis

Discrete variables were analysed by Fisher exact test or 3’
test, while Mann-Whitney test was utilised for continuous
variables (SPSS v.13, SPSS Inc, Chicago, IL, United States).

RESULTS
During the period of the study (1998-2013), 1477 pa-
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Figure 3 The head of the thrombus (arrow) seen from an upper point of
view through the atriotomy.

tients underwent surgery for renal cancer at our Institu-
tion. Overall, 23 patients with venous thrombosis undet-
went surgery with the aid of CPB, 9 with sCPB, 15 with
a CPB + BP technique.

The two groups had comparable characteristics, as
listed in Table 1. Even in all the patients at the preopera-
tive evaluation the head of the thrombosis was deemed
as inside of the right atrium, in 12 patients at surgical
exploration, it was close but outside the attium, so that
they have been down-classified as level 3, again in a simi-
lar rate in the two groups.

Only 1 (11.1%) and 4 (26.0%) patients in the sCPB
and in the CPB+BP group, respectively, did not experi-
enced any postoperative complications; 15 complications
(5 of which were grade = 3, equal to 33% of the events)
happened in the sCPB group, which means on average
1.66 events per patient; 29 complications (10 of which
were grade = 3, equal to 30.3% of the events) in the
CPB + BP group, which means on average 2.1 events
per patient (Table 2).

Table 3 summarizes the comparison of CPB param-
eters and indicators of morbidity. For the patients of
the CPB+BP group was noted a significantly less deep
hypothermia and, even without statistical significance,
a prolonged time of circulatory arrest (CPB + BP 17.4
min »s sSCPB 13.7 min), but a shorter overall CPB time
(CPB + BP 76.1 min »s sCPB 92.5 min) due to the faster
cooling and rewarming of the patient. Finally, no differ-
ences in terms of indicators of hepatic, renal, brain and
coagulative impairment were noted, with a shorter over-
all length of stay for the CPB + BP group.

Average follow-up was 51 mo in patients undergoing
a sCPB and 12 mo in the CPB + BP group of patients;
at the last follow-up, 7 patients had died of progression
of the condition (4 in the first group and 3 in the second
group, respectively), 7 were alive in progression and 10
had no evidence of the disease.

DISCUSSION

Renal cancer is extremely angiotropic, which may result

in a macroscopic invasion of the large venous vessels in
up to 10% of cases”. While a regression with targeted
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Table 1 Details of the two groups

Patients and tumors characteristics sCPB CPB+BP P
Age (yr) 640+92  662+102 NS
Gender

Males 7/9 (778%) 9/15(60%) NS

Females 2/9(222%) 6/15 (40%)
Pre-operative ejection fraction 59.7% +£08% 57.6% +4.6% NS
Comorbidity

Charlson score 0 2/9(222%) 6/15(40%) NS

Charlson score = 1 7/9 (77.8%) 9/15 (60%)
Tumor side

Right 7/9 (77.8%) 10/15 (66.7%) NS

Left 2/9(22.2%) 5/15 (33.3%)
Tumor diameter (cm) 9.6+25 9.6+£29 NS
Level of thrombosis

8 5/9 (56.6%) 8/15(53.3%) NS

4 4/9 (44.4%) 7/15 (46.6%)
Histology

Clear Cell renal carcinoma 7/9 (77.8%) 13/15 (86.6%) NS

Other 2/9(22.2%) 2/15 (13.3%)
Infiltration of perirenal tissues 7 (77.8%) 10 (66.7%) NS
Infiltration of venous wall 3(33.3%) 4(26.6%) NS
N+ 1(11.1%) 2(133%) NS
M+ 2(22.2%) 5(333%) NS

NS: Not significant; CPB: Cardiopulmonary by-pass.
therapies has been occasionally reported™'", only radical

surgery can effectively treat patients albeit with variable
5-year survival rates, ranging between 34% and 72%":
such outcomes may be influenced mostly by unfavour-
able prognostic factors which are frequently associated
with the occurrence of neoplastic thrombosis rather
than the cranial extension of the thrombosis itself”.

Surgery of caval thrombosis is technically complex
and has high morbidity and mortality rates, up to 22% in
a recent series'' .

In patients in which the thrombosis has extended
over the diaphragm, the use of a CPB with circulatory
arrest has been widely utilised in order to allow for a bet-
ter control of the cranial end of the thrombosis through
an atriotomy as well as to achieve a bloodless surgical
field once the inferior vena cava has been opened (Figures
2, 3). To reduce the metabolic requirements of the tis-
sues and thus increase the resistance to ischemic damage
during the circulatory arrest, deep hypothermia (< 20 C)
has been routinely used”. In particular, the brain yields
an higher risk of ischemic damage and its metabolism
during circulatory arrest must be therefore significantly
reduced by means of hypothermia, with an ischemic tol-
erance lasting up to 5 min at 37 'C, 15 min at 25 C, 24
min at 20 °C, and 45 min at 10 ‘C"*"7,

There is a high risk of bleeding during CPB, which
is related to the heparin infused when blood is diverted
into the reservoir and the patient is exanguinated, and
then antagonised by protamin when the physiologic cit-
culation is restored, but also to hypothermia itself that
could impair the platelet function and the production of
coagulation factors.

The evidence that hypothermia may exert a nega-
tive impact is debated and recent publications, on the
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contrary, advocate its adoption on the basis of a better
clinical outcome™"”. At the same time a diffuse concern
exists, since several authors suggested alternative tech-
niques to avoid the circulatory arrest™”'] rather accept-
ing a higher risk of a bloody surgical field, embolisms
and tears to the caval wall due to the lack of a direct
control over the cranial end of the thrombosis™.

CPB with antegrade cerebral perfusion has been
widely utilised for the surgery of the aortic arch® and
it has also been reported in the treatment of thrombosis
from renal carcinoma by our and other groups™". By
the antegrade perfusion of the brain, hypothermia can
be limited, thus reducing the theoretical risk of hypo-
thermia-induced coagulation failure as well as the sure
waste of time required to cool down and warm up the
patient, but still providing the same bloodless operative
field offered by a conventional deep hypothermic circu-
latory arrest.

The present study reviews the experience of a single
academic institution with 23 consecutive patients treated
in the last 15 years, using a CPB for caval thrombosis
over the level of diaphragm. The number of patients,
limited in absolute terms, is comparable to the main
reports that have been published so far; in addition, for
the present study the data collection has been planned
for the specific purpose of estimating the morbidity of
the procedure.

It has been confirmed that extensive caval throm-
bosis is associated with other unfavourable pathologic
prognostic factors (invasion of peri-renal tissues, lym-
phnodes and distant metastasis), which may account for
the poor prognosis“’S’m: in this study, the 5-yeatr cancet-
specific survival rate was 35%, but reached 62% in pa-
tients without lymphnodes or distant metastasis, thus
confirming that in such cases surgery may promote a
prolonged survival.

In the 9 cases treated in the first period of this study
(sCPB), patients were cooled down to an average tem-
perature of approximately 26 C during the circulatory
arrest, while in the 15 cases treated in the second period
(CBP + BP), changing the technique of perfusion re-
sulted in a remarkably lesser hypothermia, with an aver-
age minimum temperature of approximately 30 ‘C. Such
level of hypothermia was maintained for a more pro-
longed time of circulatory arrest (CPB + BP 17.4 min ss
sCPB 13.7 min), but within a shorter overall CPB time
(CPB + BP 76.1 min »s sCPB 92.5 min) due to the less
time needed to cool and rewarm the patient.

No differences were found between the two groups
in terms of pre-operative co-morbidity or characteristics
of tumors. Post-operative complications, systematically
recorded, were very frequent, with at least one event in
83% of cases and a 30-d perioperative mortality rate
of 12.5%, as shown in Table 3. The number of events
of complications and the rate of major complications
were similar between the 2 groups, as the mortality rate.
However the length of stay was slightly shorter in CPB
+ BP group, suggesting a less detrimental effect in these
patients from the events of complication. More interest-
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Table 2 Complications observed in the 2 groups, according to the Clavien-Dindo’s scale

Clavien grade sCPB CPB + BP
1 4 acute renal failures 5 acute renal failures
2 3 transfusions 7 transfusions

3 atrial fibrillations

3a 1 sternal wound dehiscence

3b 1 bleeding requiring re-laparotomy
4a 2 =respiratory failures

4b -

5 1 (1 post-operative day)

7 atrial fibrillations

1 bleeding requiring re-laparotomy
1 ligature of the contralateral ureter, requiring ureteral stenting
1 brain stroke
1 pulmonary embolism
3 respiratory failures
1 multi-organ failure
2 (3" and 25" post-operative day)

CPB: Cardiopulmonary by-pass. NS: not significant.

Table 3 Comparison in terms of intra- and peri-operative characteristics between the 2 groups

Intra- and post-operative variables sCPB CPB +BP P
CPB time (min) 92.5+35.7 76.1+18.5 NS
Aortic Clamp time (min) 30.8+15.8 26.5+19.6 NS
Circulatory arrest time (min) 13.7+89 17453 NS
Minimum temperature (C) 264+25 29919 0.001
Intraoperative blood units transfused (no.) 12 (4-12) 13.2 (6-20) NS
ICU stay (in days) 2(2-2) 2.7 (1-3) NS
Hospital stay (in days) 27 (22-57) 21 (10-25) NS
Post-operative Cr > 2 mg/dL 4/9 (44.4%) 5/15 (33.3%) NS
Post-operative GOT or GPT > 50 U/L 4/9 (44.4%) 8/15 (53.3%) NS
Post-operative bleeding 5/9 (55.6%) 8/15 (53.3%) NS
Peri-operative mortality 1/11 (11.1%) 2/15 (13.3%) NS

CPB: Cardiopulmonary by-pass. NS: not significant; GOT: Glutamic-oxalacetic transaminase; GPT: Glutamic-pyru-

vic transaminase.

ingly, the number of renal and liver failure events turned
out to be comparable, confirming that these parenchyma
may tolerate temperatures above 20 ‘C-25 C, at least
for the time of circulatory arrest that such kind of sur-
gery requires. At the same time, from our results nor
advantages neither disadvantages in terms of bleeding or
neurologic sequelae cannot be proved, as the only neu-
rologic event happened just in the CPB + BP group.

So, the present study shows that the CPB + BP tech-
nique is not inferior to a standard CPB in terms of radi-
cality of surgery and overall complications, while gives
an advangtage in terms of duration of surgery. Surely,
these conclusions should be taken with caution, because
the study suffers from some limitations. First, the ret-
rospective design, in spite of the perspective manner in
which data has been collected: even if it is reasonable
that the maintenance of cerebral circulation could add
an advantage on neurological functions, the study fails
to offer sure evidences of this, lacking of an established
indicator that could measure cerebral metabolism prior,
during and after the intervention. Second, the limited
number of patients, enrolled in a long timeframe, that
lowered the validity of statistical comparisons between
groups; however, RCC with caval thrombosis treated
with CPB is a rare condition, so that a perspective study
probably will never be designed, even with a multicentric
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data collection, since different institutions usually adopt
a personal approach.

The variation of the technique of perfusion pro-
posed limits the need for hypothermia to moderate lev-
els (30 C), with the theoretical benefits on coagulation
function and a sure advantages in terms of duration of
surgery, without affecting the radicality of surgery or
provoking a higher number of sequelae than a CPB with
deeper hypothermia.

COMMENTS

Background

Surgery is the only option to cure some of the patients affected by a renal can-
cer that involves the inferior vena cava, However, this surgery suffers from high
risks of intra and postoperative morbidity, which mainly depend on the cranial
extension of the thrombus. Indeed, morbidity is higher for thrombosis extended
up to the retroepatic vena cava or the right atrium, since in such conditions car-
diopulmonary by-pass (CPB).

Research frontiers

The exsanguination by CPB is required to extract of caval thrombosis extended
up to the diaphragm or above in a bloodless field after the vena cava and/or the
atrium are opened. To permit CPB, deep hypothermia is required, so that the
organs - and in particular the brain - will suffer in a less extent from ischemia.
Hypothermia can provoke an impairment of coagulation and prolongs the dura-
tion of the operation, worsening the morbidity of the procedure. Many authors
investigated means alternative to CPB to reduce the morbidity of surgery in
renal cancer with extended thrombosis. These procedures avoid at all the CPB,
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adopting an exclusive abdominal approach, by the complete mobilization of
the liver and the exposition of the retrohepatic vena cava, or by a veno-venous
bypass that diverts the venous flow from the vena cava but maintaining the car-
diac activity and the arterial perfusion. There are, however, risks of incomplete
radicality, if the thrombosis infiltrates a portion of the caval wall out which is not
visible from the abdominal access, of embolism due to the detachment of part
of the thrombus without the upper control through atriotomy, and of bleeding,
related to the backflow from the lumbar veins.

Innovations and breakthroughs

The CPB with brain perfusion (CPB + BP) is a technique developed by car-
diac surgeons with the intent to preserve cerebral perfusion during aortic arch
replacement, showing a lower morbidity in respect to a standard CPB, in prin-
ciple related to the less deep hypothermia required and to the maintenance of
cerebral perfusion. At authors’ institution this technique has been applied to the
surgery of renal cancer with extended venous thrombosis. At now only a very
few cases have been reported, while this study reported a larger number of
patients, comparing the results with an homogeneous historical group in which
a standard CPB was adopted

Applications

The tecnhique can be suggested to the institutions actually treating these
patients by a standard CPB, since the authors showed a non-inferiority of this
modified technique in terms of renal and hepatic impairment, as of morbidity in
general, with a less deep hypothermia and shorter operative times. The study
can be the basis for future studies to investigate the impact on cerebral metabo-
lism of this technique.

Terminology

Cardiopulmonary by-pass: a procedure to convey blood from normal circulation
to a machine that oxygenates blood.

Peer review

The article is a well-written manuscript comparing two techniques of cardiopul-
monary bypass for excision of renal tumours with vena caval extension.
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