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Background: Renal and adrenal tumors with/without tumor thrombus in the inferior vena
cava (IVC) pose a challenge to the surgeon due to the potential for massive hemorrhage
and tumor thromboemboli. The situation would be more critical for Jehovah’s Witness
(JW) patients which refuse blood transfusion. A transplant-based (TB) approach to these
tumors in JWs would result a safe surgical method, providing limited blood loss and
perioperative complications. We report our experience using a TB surgical approach in
JW harboring large adrenal/renal tumors with/without tumor thrombus trying to determine
its usefulness in this setting.

Patients and Methods: From 2003 to 2011, 7 patients underwent resection of
renal/adrenal tumors with/without tumor thrombus in the IVC by means of a TB
approach. Thrombus level was renal (n = 2), retrohepatic (n = 1), and suprahepatic
(h = 1). The remaining 3 patients did not present thrombus. No pre-operative
optimization or cell-saver were used. Estimated blood loss, perioperative complications
(Clavien-Dindo and cause), hemoglobin/hematocrit loss, and length of stay were
considered main outcomes.

Results: The intervention was successfully completed without transfusion in all
cases. Operative time and blood loss were 2.5h (range: 1.83-5.75) and 150 cc
(range: 100-750), respectively. No major post-operative complications were registered.
However, minor complications were detected in 57% of the patients included. Median
hemoglobin loss was 1.13 mg/dL, which translated a median hematocrit loss of 2.3%.
Patients were discharged in a median of 7 days (range 5-20).

Conclusions: A TB-surgical approach provides enhanced retroperitoneal exposure
and optimal vascular control, thus limiting operative blood loss or major complication
development, thus resulting useful in JWs.

Keywords: renal cell carcinoma, adrenal carcinoma, tumor thrombus, transplant-based approach, estimated blood
loss, transfusion
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SUMMARY

Renal and adrenal tumors with/without tumor thrombus in the
inferior vena cava (IVC) pose a challenge to the surgeon due to
the potential for massive hemorrhage and tumor thromboemboli.
The situation would be more critical for Jehovah’s Witness (JW)
patients which refuse blood transfusion. The transplant based
(TB) approach consists of a sequence of surgical maneuvers
aimed to improve visual and vascular control in the surgical field,
which in turn provide for limited blood loss and post-operative
complications. We report our experience in dealing with these
tumors in JW using a TB open surgical approach trying to prove
its usefulness in this particular subgroup.

A total of 7 patients were included. Radical nephrectomy or
adrenalectomy in conjunction with tumor thrombectomy was
achieved successfully in all cases with acceptable blood loss and
no transfusion requirements. No major complications were noted
in the first 30 days after the procedure. An aggressive surgical
approach remains the only strategy for curing patients harboring
large renal/adrenal tumors, particularly for those that extend
into the IVC. A TB-surgical approach may provide enhanced
retroperitoneal exposure and optimal vascular control, thus
limiting operative blood loss or major complication development
in this subset of patients.

INTRODUCTION

Renal and adrenal tumors infrequently extend into the inferior
vena cava (IVC) (1, 2). Unfortunately, surgery remains the
only potential cure for these patients (3, 4). Most surgeons
would agree that this type of surgery is complex and require
an excellent understanding of the anatomy (4, 5). The surgical
technique has to provide adequate exposure and optimal vascular
control to avoid perioperative complications, including massive
hemorrhage and death.

In this context, we routinely apply the surgical principles and
maneuvers derived from transplantation surgery. The transplant-
based (TB) surgical approach includes the rotation of the visceral
contents of the right and left of the abdomen (Mattox and Cattell-
Braasch maneuvers), control of the main renal artery through
a posterior plane of dissection, complete mobilization of the
liver (piggy-back technique), full circumferential dissection of
the IVC, and tumor thrombus safe control in its cranial end
by means of relocation below the major hepatic veins entrance
(milking maneuver), two-step sequential thrombus withdrawal
(to maintain the natural venous drainage shunt through the
liver), or abdominalization of the right atrium through the
diaphragm (5). TB techniques help us to remove large renal or
adrenal tumors safely, with a lower perioperative complication
rate [including estimated blood loss (EBL) and transfusion
requirements] even in the presence IVC tumor thrombus, and
in most instances through a single abdominal approach (3, 4).

A more challenging scenario is that posed by Jehovah’s
witnesses (JW), given that they refuse to receive blood products
or transfusions due to their religious beliefs. In these cases,
we must provide for an even safer procedure if possible, by
decreasing blood loss while still providing for optimal cancer

control in our commitment to bring no harm to the patient.
In this way, the use of TB-techniques may result useful in
this unique subgroup of patients harboring large renal/adrenal
tumors with/without tumor thrombus. In this report, we describe
our experience managing 7 patients with renal cell carcinoma
(RCQ) or adrenal tumors with and without IVC tumor thrombus
by means of a TB approach.

MATERIALS AND METHODS

From November 2003 to March 2011, 7 patients (3 men and 4
women) underwent resection of RCC (6 patients) and adrenal (1
patient) tumors. Four of these patients had extension of tumor
thrombus into the IVC (including the patient presenting the
adrenal tumor). The study was approved by the University of
Miami Institutional Review Board.

Patient ages ranged from 35 to 74 years (median 58). Initial
diagnosis was made by computed tomography (CT). Cardiac,
renal, and respiratory status were evaluated pre-operatively. The
level of the thrombus was confirmed in all patients with magnetic
resonance imaging (MRI). Pre-operative embolization was not
performed in any of the cases included. The cranial extent of
the tumor was initially defined as per Neves and Zincke (6);
however, for level III thrombi we used our modified definition
(2, 7). For pathological staging the 2009-TNM classification was
used. Tumor grade was classified according to the Furhman
grading system. Median tumor size was 10.0 cm (range: 7.5-
18.0). Given the large tumor sizes and the presence of tumor
thrombus in 4 of these patients, it was decided to proceed
with surgery as a first step in all cases. None of the patients
had pre-operative optimization (i.e., neither erythropoietin nor
iron supplementation). Informed consent was given, including
specific statements regarding the complexity of the surgery, and
emphasizing the risks associated with not receiving any blood
products during the procedure or in the post-operative period.

The tumor was right-sided in 2, and left-sided in the
remaining 5 patients. Three patients had no tumor thrombus, in
two a level I tumor thrombus (i.e., renal vein only) was detected,
and the remaining two patients presented level III tumor thrombi
(Adrenal carcinoma + IIla and RCC + Illc, respectively,
according to our classification) (2, 7). All patients were managed
by a single transabdominal approach and without bypass
maneuvers. Intraoperative transesophageal echocardiography
(TEE) was used to delineate and monitor the cranial extent of
the thrombus during the procedure (8) (Table 1).

Auto-donated blood was not preemptively stored. Although
the use of cell saver was planned, the amount of blood loss was
not significant neither during primary tumor excision, nor after
IVC opening, and thus none of the patients received autologous
blood from this device.

Operative Technique

The TB-technique has already been described at length, for both
right and left renal or adrenal tumors (9, 10). Briefly, a sub-
costal incision was made commencing ~2 fingerbreadths below
the right or left costal margin (according the tumor location),
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TABLE 1 | Main characteristics of the patients included in the series.

Case number #1 #2 #3 #4 #5 #6 #7
Demographic variables
Age (years) 62 74 48 53 58 73 35
Gender F M F M M F F
Type of tumor Renal Renal Renal Renal Renal Renal Adrenal
Pre-operative diagnostic variables
Imaging CT + MRI CT CT CT + MRI CT CT + MRI CT + MRI
Laterality L L L R L L
Tumor size (cm) 10 13 15 9 8 7.5 18
Tumor thrombus Level (N&2) | - - 1l - | i
Tumor thrombus level (UM) | - - lllc - | llla
Operative characteristics
Type of surgery RN + TT RN RN RN+ TT RN RN+ TT RN+ RA +TT
Thrombectomy C - - C - C ¢}
Surgical adjuncts - Extended LND - Circumferential - - Circumferential
Cavectomy + cavectomy +
Extended LND Extended LND +
Splenectomy
Cell-saver use No No No No No No No
Bypass No No No No No No No
Intraoperative variables
EBL (co)™ 150 400 150 200 150 100 750
Operative time (min) 203 150 110 260 120 135 345
Main outcomes
Pre-operative Hb (g/dL) 11 12 12 10.4 6.2 10
Post-operative Ho* (g/dL) 10 10 8 10 7.5 8
AHb (pre-Hb-post-Hb) 1 2 1 0.4 -1.3 2
Pre-operative Hct (%) 32 34 31 27 315 21 30.5
Post-operative Hct* (%) 29.4 28 29.9 25 30 24.6 24
AHct (post-Hct-pre-Hct) 2.6 6 11 2 1.5 —-3.6 6.5
Post-operative Cr* (mg/dL) 1.1 1.5 1.2 15 1.5 0.87 1.2
Transfusion rate (RBCP units) 0 0 0 0 0 0 0
Complication (30 days) No Yes No Yes No Yes Yes
Clavien-Dindo category - Il - Il - Il Il
Cause of complication - Adynamic ileus - Atelectasis - Adynamic ileus  Pleural effusion
Complication management - NGT - Respiratory - NGT Conservative
Physiotherapy
LOS (days) 7 6 6 12 5 12 20
PTNM 2009 pT3aNOMO pT2bNOMO pT2bNOMO pT3bN1MO pT2aNOMO pT4NXMO pT4NOMO
Pathology RCC RCC RCC RCC RCC RCC Cortical Adrenal
carcinoma
Variant Clear cell Clear cell Clear cell Papilllary Clear cell Clear cell + -
oncocytic (focal
rhabdoid and
sarcomatoid
differentiation)
Fuhrman grade I 1l i Il Il \% -
Follow-up (months) 3 24 27 22 36 24 18
Status at last follow-up Lost Alive Alive Alive Alive Alive Death (multiple
metastases)

N&Z, Neves and Zincke Classification System; UM, University of Miami Classification System; M, male; f, Female; R, right; L, left; LOS, length of stay; RN, radical nephrectomy; TT, tumor
thrombectomy; RA, radical adrenalectomy; PRBC, packed red blood cells; EBL, estimated blood loss; Hb, hemoglobin; Hct, hematocrit; Cr, creatinine; C, complete; NGT, nasogastric

tube; LND, lymph node dissection; CT, computed tomography; MRI, magnetic resonance imaging.

*Post-operative values were determined at day post-operative 7.

**Estimated blood loss was measured as the amount of blood present in the vacuum device at the end of the procedure.
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extending out laterally to the mid axillary line. A Rochard self-
retaining retractor was placed, elevating the costal margins and
splaying them laterally toward the axillae.

We pursued early intraoperative ligation of the involved renal
artery. The kidney was mobilized medially with the liver, or en
bloc with the spleen and pancreas, until the renal artery was
identified, ligated, and divided (11) (Figure 1). Arterial ligation
resulted in a rapid decompression of the collateral network
venous circulation, thus favoring a decrease in blood loss, and
in turn preventing the need for blood transfusions.

Exposure of the left kidney was facilitated by mobilizing
the descending colon, and the spleen en bloc with the
pancreas toward the midline, thus gaining access to the entire
retroperitoneal space (Figures 1A,B). Similarly, the exposure in
the right side required liver mobilization. For this purpose, the
dissection began with the division of the round and falciform
ligaments with cautery, and this incision carried upwards around
both the right superior coronary ligament, and by passing to
the left side, dividing the left triangular ligament. The visceral
peritoneum on the right of the hepatic hilum and the infrahepatic
IVC was incised in conjunction with the right inferior coronary
and hepato-renal ligaments. The liver can be then gradually rolled
to the left (9). By doing so, adequate exposure of the right upper
abdominal quadrant is gained, thus facilitating the removal of
large masses located in the kidney upper pole or the adrenal
gland (12) (Figures 1C-F). Thereafter, the liver was dissected-
off the IVC by dividing the minor hepatic veins crossing from
the right and caudate lobes to its anterior aspect, until the
liver lies in a “piggyback” fashion; completely detached from
the IVC, except for the major hepatic veins(MHVs) (1). In this
manner, the infrahepatic, intrahepatic, and suprahepatic portions
of the IVC are fully exposed (Figure 1G). In addition, a plane
of dissection between the IVC and the posterior abdominal wall
was developed by the identification, ligation and division of the
small tributaries located at this level that may become engorged
to look like lumbar vessels. This step is crucial, to obtain complete
circumferential vascular control of the IVC. Additionaly, in the
presence of level IIT tumor thrombus, an opening in the lesser
omentum allowed the porta hepatis to be controlled with a
Rummel tourniquet; a Pringle maneuver can then be carried out
(i.e., temporarily occluding the portal venous and arterial inflow
to the liver) as required.

A useful technique, which we have applied for a thrombus
located at or above the MHVs, (levels IIIb-1V) is to “milk” the
thrombus to a level below their ostium and cross-clamp the
IVC just between this level and the tumor thrombus cranial
end (1) (Figures 1H,I). The “milking” maneuver is often feasible
to perform, since ligation of the renal artery reduces the
blood supply to the tumor thrombus, thus generating a loss of
turgidity and consistency thereof and permitting certain degree
of additional compressibility in caudal direction. This maneuver
serves a dual function. First, it allows the liver to drain into the
IVC avoiding hypotension from decreased venous return (pre-
load). Second, by not clamping the MHV's or porta hepatis, liver
congestion and post-operative hepatic dysfunction are avoided.
Nevertheless, the surgeon must be careful when manipulating the
thrombus so as to avoid dislodging it.

In cases in which the “milking” maneuver is not possible,
we recommend the performance of the Pringle maneuver to
temporary occlude the inflow to the liver. The infrarenal IVC,
and contralateral renal/adrenal veins have to be controlled
sequentially thereafter, and a trial with Satinsky clamp placed
across the suprahepatic IVC is made. At this moment the patient
is checked for hemodynamic stability. If the patient remains
stable, then the collateral venous return is noted to maintain
enough cardiac pre-load and the surgeon may proceed with the
cavotomy (Figures 1K,L). Otherwise a rapid infuser should be
used to maintain the cardiac pre-load with sustained crystalloid
infusion through a central line.

Once the hemodynamic stability is warranted, a first part
of the cavotomy is carried out between the level of the MHV's
to the right adrenal vein, and the tumor thrombus is sharply
dissected-off and removed from this IVC segment. The interior
aspect of the three MHVs can be directly visualized at this
moment, their orifices inspected, and thrombus located within
their lumen also removed. Thereafter, the upper segment of the
IVC is sutured closed, and the Satinsky clamp is repositioned
below the MHVs, Pringle is released, and normal liver blood
flow reestablished (1-5). The cavotomy is now extended in
caudal direction until the inferior border of the renal vein is
reached. The tumor thrombus is removed from the caval lumen
by means of a mix of blunt/sharp dissection. A variable portion
of IVC wall surrounding the renal vein ostium is excised with
the specimen. Finally, the IVC lumen is flushed with heparin
solution, and the lower segment of the cavotomy is sutured closed
(7,9).

In those tumors without tumor thrombus, the lack of
space due to the size of the tumor was the major problem
(Figures 1M,N). The abdominal upper quadrant mobilization
(right or left according to tumor laterality) was carried
out (10, 12) as a first step to increase exposure of the
retroperitoneal space, thus facilitating the access to the renal
artery thereafter (11). Once the renal artery was ligated and
divided, the surgery was easier to perform, and almost no
blood loss noted. Evicel® was used over the remnant of
the renal hilum, renal fossa, and along the cavotomy of
the IVC.

Statistical Methods

Main outcome variables considered were: post-operative
complications occurred in the first 30-day post-operative
period (ie, severity according to the Clavien-Dindo
classification system and cause), estimated blood loss
(EBL) during the procedure (measured as the amount
of blood present in the vacuum device at the end of the
procedure), pre-operative and post-operative hemoglobin
(Hb) and hematocrit (Hct) levels (determined in the
pre-operative analysis and blood test panel performed at
post-operative day 7) and their respective delta values
(ie, Hb and Hct loss), and length of hospital stay.
Numerical variables were expressed as medians and ranges,
while categorical variables were expressed as frequencies
and percentages.
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FIGURE 1 | Left-sided tumors required the mobilization of the spleen, pancreas and stomach en bloc. In addition, the left adrenal gland and kidney along with its
envelopes are mobilized toward the midline to gain access to the main renal artery (A). Once the main renal artery is divided, an anterior plane of dissection is
developed by separating the descending colon from the anterior aspect of the kidney (B). Liver mobilization: The round and falciform ligaments are divided, and the
incision is carried upwards around both the right superior coronary and triangular ligaments, and by passing to the left side, to the left triangular ligament (C). The
visceral peritoneum on the right of the hepatic hilum and the infrahepatic IVC is incised in conjunction with the right triangular and hepato-renal ligaments and the liver
is gradually rolled to the left. By doing so, adequate exposure of the right upper abdominal quadrant is gained, thus facilitating the removal of large masses located in
the kidney upper pole or the adrenal gland (D). The division of the left triangular ligament allows the mobilization of the left lobe of the liver to the midline (E). The liver is
detached from the anterior aspect of the inferior vena cava until it lies in a “piggy-back” fashion. By means of Pringle maneuver and suprahepatic caval control, the
liver circulation is completely interrupted (F). Right visceral mobilization allows excellent exposure of the infrahepatic, intrahepatic, and suprahepatic portions of the IVC
(G). “Milking” maneuver: The thrombus is “milked” to a level below the ostium of the MHVs (H), and the IVC is cross-clamped between this level and the tumor
thrombus cranial end (I). Cavotomy in a two-step fashion: Hepatic vascular exclusion is performed by means of Pringle maneuver and suprahepatic IVC control.
(Continued)
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FIGURE 1 | The infrarenal IVC, and contralateral have also been controlled. Once the hemodynamic stability is warranted, a first part of the cavotomy is carried out
between the level of the MHVs to the right adrenal vein, and the tumor thrombus is sharply dissected-off and removed from this IVC segment (J). Thereafter, the
upper segment of the IVC is sutured closed and, the Satinsky clamp is repositioned below the MHVs, Pringle is released, and normal liver blood flow reestablished.
The cavotomy is now extended in caudal direction until the inferior border of the renal vein is reached. The tumor thrombus is removed from the caval lumen by means
of a mix of blunt and sharp dissection (K). A variable portion of IVC wall surrounding the renal vein ostium is excised with the specimen. Finally, the IVC lumen is
flushed with heparin solution, and the lower segment of the cavotomy is sutured closed (L). Large adrenal tumor with tumor thrombus (black arrows), the lack of
space due to the size of the tumor may be a major problem (M). Large right renal tumor without tumor thrombus. By mobilizing the abdominal upper quadrants
exposure of the retroperitoneal space is enhanced, thus facilitating the access to the renal artery thereafter (N).

RESULTS

Diagnostic  information, operative characteristics, and
surgical outcomes of the patients included in the series are
provided in Table 1.

All RCC patients underwent radical nephrectomy, while
adrenalectomy in conjunction with nephrectomy and
splenectomy was required in the patient harboring the adrenal
tumor, in order to achieve a complete surgical excision. All
patients underwent hilar lymph node dissection, but in three of
them (patients #2, #4, and #7) the lymph node dissection was
extended including the para-aortic (left side), para-caval (right
side), inter aortocaval, or those palpable nodes noted, depending
on the primary tumor location and the particular situation of the
surgical field.

Four out of seven patients (57%) required also tumor
thrombectomy. In these cases, the cranial end of the tumor
thrombus correlated well between the MRI depiction and
operative findings (2). Tumor thrombus removal was complete
in all cases. Level I tumor thrombi (patients #1 and #6) required
tangential IVC wall resection en-bloc with the tumor thrombus,
and primary closure of the cavotomy after thrombus removal.
Stapled circumferential cavectomy between the distal limit of the
major hepatic veins ostia and the caval bifurcation was performed
in cases harboring a level Il tumor thrombi (patients #4 and #7).
While the level IIla tumor thrombus did not require additional
maneuvers, stapling of the IVC’s cranial end in the case showing
a level IIlc tumor thrombus was facilitated by the performance
of a sequential two-step cavotomy. Cardiopulmonary or veno-
venous bypass were not required. Median operative time was
2.5h (range: 1.83-5.75) and was sensibly longer for those
cases presenting tumor thrombus (particularly level III) and/or
neighboring visceral compromise.

Pulmonary embolism was not detected neither
intraoperatively, nor in the post-operative period. EBL
ranged from 100 to 750 cc (median 150 cc). Pre-operative
and post-operative values for hemoglobin and hematocrit,
and their respective delta values are shown in Table 1. All
the patients had a degree of anemia before surgery, which
worsened shortly after surgery despite minimizing intra-
operative fluids, use of albumin, and using pediatric tube
phlebotomy [Median AHb (pre-Hb-post-Hb): 1.13 mg/dL;
Median AHct (pre-Hct-post-Hct): 2.3%]. Of note, patient #6
presented with severe gross hematuria at the debut. She was
scheduled for immediate emergency surgery, thus making
pre-operative optimization impossible due to the poor pre-
operative situation. The intervention provoked hematuria

cessation, and hemodynamic stabilization. The post-operative
analysis was performed on post-operative day 7 to limit
additional blood loss, given that there were no clinical signs of
sustained hemorrhage that forced us to act differently. By then,
the adynamic ileus had recovered, hydration optimized, and
intravenous iron supplements initiated, thus compensating the
initial hemoglobin level.

Each of the 7 patients had an uneventful post-operative
course. Four patients (57%) developed minor complications
(Clavien-Dindo I-II). Two patients developed ileus (patients
#2 and #6) that resolved with the placement of a nasogastric
tube. One patient showed atelectasis in the immediate post-
operative period (patient #4) that was managed conservatively
with respiratory physiotherapy, and the single patient with an
adrenal tumor developed bilateral pleural effusions (patient #7);
however, she did not require drainage. No major complications
(Clavien-Dindo III-V) were registered. Median length of hospital
stay (LOS) was 7 days (range 5-20).

DISCUSSION

The surgical procedure for patients presenting with large renal
or adrenal tumors is high-risk, complex, and challenging due to
the association of such tumors with difficult-to-reach exposures,
multiple venous collaterals, risk of developing pulmonary emboli,
and major perioperative blood loss. The degree of complexity
and the inherent risks are higher when the IVC is compromised
by tumor extension, and even worse for JWs patients. In this
subset, the risk is particularly sharp regarding perioperative blood
loss, because these patients will not accept transfusions of any
blood products based on their religious beliefs (13). In fact, West
(13) mentioned that, “if the pre-operative clinical status of the
patient will mandate the use of blood products during organ
transplantation, then a JW patient should probably not be a
candidate if he or she would refuse such transfusions.”
Unfortunately, surgery is the only viable option that exists
today for attempting a cure in any patient harboring one of
the above mentioned complex urological tumors. Regarding the
need to perform any major abdominal or thoracic surgery in JW
patients, there are few citations in the literature describing the
surgical procedures applied with relative success in this patient
population using multidisciplinary management and successful
blood conservative techniques (14-22). The experience in
treating JW patients having a renal or adrenal tumor with or
without tumor thrombus extending into the IVC is scarce, and
most of the literature is the form of case reports (14-18). To
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the best of our knowledge, the current study is the largest
series reported to date of JW patients harboring large renal
or adrenal malignancies extending or not into the IVC that
were resected safely, in an almost bloodless field (due to early
ligation of the renal and adrenal arteries), and without the use
of blood products.

When dealing with a renal or adrenal tumor that also includes
tumor thrombus, the critical part of the operation is management
of the IVC (1-3). The important goals are to minimize bleeding
and prevent the development of pulmonary emboli from the
thrombus during surgery, given that either of both events can
lead to fatal consequences. These points are even more important
when dealing with JW patients presenting these entities. The
safety net of transfusion of blood products, or use an emergency
cardiopulmonary bypass would not represent an option.

Over the years, we have developed several approaches to aid
in the safe removal of these tumors. The improvement in surgical
technique has often been due to the application of surgical
principles from different disciplines. We blended lessons learned
in the fields of transplant surgery and urologic oncology to deal
with large renal/adrenal tumors eventually extending into the
IVC. The concept of resorting to an entirely intra-abdominal
approach without cardiopulmonary or veno-venous bypass is
the byproduct of this approach (1-3, 5, 9, 10). In opposition
to bypass maneuvers, the TB approach helps in facilitating the
resection of these tumors by increasing the exposure at the
retroperitoneal space.

We have never pre-operatively embolized any of our patients
(1, 2, 5), but an important principle of our surgical approach
includes mobilization of the kidney with early ligation of the renal
artery. The kidney mobilization begins laterally and proceeds
posteriorly paying special attention to control perirenal collateral
circulation. With the posterior approach, fewer varices are
encountered as opposed to dissection anterior to the kidney.
Once the kidney is mobilized medially, the renal artery is
identified, ligated and divided, thus favoring a rapid collapse
of the collateral circulation, and in turn making the rest of
the dissection easier. This maneuver aims to provide the same
“devascularization effect” of pre-operative embolization but
avoiding its known morbidity risks (11).

Minimally invasive approaches have been gaining acceptance
in the treatment of RCC with caval extension in the last
decade. Experience with these approaches is still limited by the
low volume of the series reported (particularly for level III-IV
tumor thrombi) although perioperative outcomes seem to be
promising. Nevertheless, future research is needed to prove its
non-inferiority as compared to open surgery and to define its
benefits and limits (23, 24). In the meanwhile, there is a trend

REFERENCES

1. Ciancio G, Livingstone AS, Soloway M. Surgical management of renal cell
carcinoma with tumor thrombus in the renal and inferior vena cava: the
University of Miami experience in using liver transplantation techniques. Eur
Urol. (2007) 51:988-94; discussion 994-5 doi: 10.1016/j.eururo.2006.11.055

to replicate the lessons learned from the open approach in the
minimally invasive field. In fact, an example of this adaptation
has been recently reported by Shen et al. (25). A modification of
the “milking” maneuver was used to successfully remove 12 cases
of RCC in conjunction with level III-IV tumor thrombi by means
of arobotic approach, thus reinforcing that the concepts provided
here will be probably still valid in the next future (26-30).

Our experience here reported, reaffirms the safe use of an
organ TB approach for resection of large RCC and adrenal
tumors, even in conjunction with tumor thrombus extending
into the IVC in a unique, and particularly challenging subset of
patients. However, our study is not without limitations. This is a
small retrospective series, and the outcomes reported here have
to be evaluated accordingly. It also represents the experience of
a high-volume single surgeon from a referral center. Therefore,
the experience with this approach may not be similar for other
surgeons with less experience or other practice settings.

CONCLUSIONS

A surgical TB approach to large renal or adrenal tumors
extending or not into the IVC may provide the surgeon for
an excellent exposure of the retroperitoneal space and optimal
vascular control, thus facilitating minimal blood loss, and
development of perioperative complications, especially in JW
patients. Early ligation of the renal artery helps with decreasing
blood loss by collapsing the collateral circulation, while avoiding
the need of renal artery embolization and its inherent risks.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Miami Transplant Institute Review Board
approved the current study. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

GC: project development, data collection and management, data
analysis, manuscript writing and editing, and final approval. JG:
project development, manuscript writing and editing, figures,
and final approval. All authors contributed to the article and
approved the submitted version.

2. Ekici S, Ciancio G. Surgical management of large adrenal masses with or
without thrombus extending into the inferior vena cava. J Urol. (2004)
172:2340-3. doi: 10.1097/01.ju.0000143931.26872.43

3. Gonzdlez J, Gaynor JJ, Martinez-Salamanca JI, Capitanio U, Tilki D, Carballido
JA, et al. Association of an organ transplant-based approach with a dramatic
reduction in postoperative complications following radical nephrectomy and

Frontiers in Surgery | www.frontiersin.org

December 2020 | Volume 7 | Article 622110


https://doi.org/10.1016/j.eururo.2006.11.055
https://doi.org/10.1097/01.ju.0000143931.26872.43
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Ciancio and Gonzalez

Tumor Resection in Jehova’s Witnesses

10.

11.

12.

13.

14.

15.

16.

17.

18.

tumor thrombectomy in renal cell carcinoma. Eur | Surg Oncol. (2019)
45:1983-92. doi: 10.1016/j.€js0.2019.05.009

. Delis SG, Bakogiannis A, Ciancio G, Soloway M. Surgical management

of large adrenal tumours: the University of Miami experience
using liver transplantation techniques. BJU Int. (2008) 102:1394-9.
doi: 10.1111/j.1464-410X.2008.07792.x

. Gorin MA, Gonzalez ], Garcia-Roig M, Ciancio G. Transplantation

techniques for the resection of renal cell carcinoma with tumor thrombus:
a technical description and review. Urol Oncol. (2013) 31:1780-7.
doi: 10.1016/j.urolonc.2012.06.013

. Neves R ], Zincke H. Surgical treatment of renal cancer

with  vena cava extension. Br J Urol. (1987) 59:390-5.
doi: 10.1111/j.1464-410X.1987.tb04832.x

. Ciancio G, Vaidya A, Savoie M, Soloway M. Management of renal cell

carcinoma with level III thrombus in the inferior vena cava. J Urol. (2002)
168:1374-7. doi: 10.1016/S0022-5347(05)64452-7

. Fukazawa K, Gologorsky E, Naguit K, Pretto EA, Jr., Salerno TA, Arianayagam

M, et al. Invasive renal cell carcinoma with inferior vena cava tumor thrombus:
cardiac anesthesia in liver transplant settings. Cardiothorac Vasc Anesth.
(2014) 28:640-6. doi: 10.1053/j.jvca.2013.04.002

. Ciancio G, Gonzalez ], Shirodkar SP, Angulo JC, Soloway MS. Liver

transplantation techniques for the surgical management of renal cell
carcinoma with tumor thrombus in the inferior vena cava: step-by-step
description. Eur Urol. (2011) 59:401-6. doi: 10.1016/j.eururo.2010.07.028
Ciancio G, Vaidya A, Shirodkar S, Manoharan M, Hakky T, Soloway M.
En bloc mobilization of the pancreas and spleen to facilitate resection of
large tumors, primarily renal and adrenal, in the left upper quadrant of the
abdomen: techniques derived from multivisceral transplantation. Eur Urol.
(2009) 55:1106-11. doi: 10.1016/j.eururo.2008.12.038

Ciancio G, Vaidya A, Soloway M. Early ligation of the renal artery using the
posterior approach: a basic surgical concept reinforced during resection of
large hypervascular renal cell carcinoma with or without inferior vena cava
thrombus. BJU Int. (2003) 92:488-9. doi: 10.1046/j.1464-410X.2003.04372.x
Ciancio G, Hawke C, Soloway M. The use of liver transplant techniques to aid
in the surgical management of urological tumors. J Urol. (2000) 164:665-72.
doi: 10.1016/50022-5347(05)67277-1

West JM. Ethical issues in the care of Jehovahs witnesses. Curr
Opin  Anaesthesiol. (2014) 27:170-6. doi: 10.1097/AC0O.00000000000
00053

McGuffey LW, Jones AB, Pokala N. Optimization of blood loss during robotic
IVC thrombectomy in a Jehovah’s witness: a case report with 14-month follow
up. ] Robot Surg. (2018) 12:377-9. doi: 10.1007/s11701-017-0743-8
Moskowitz DM, Perelman SI, Cousineau KM, Klein JJ, Shander A, Margolis
EJ, et al. Multidisciplinary management of a Jehovah’s witness patient for
the removal of a renal cell carcinoma extending into the right atrium. Can
J Anaesth. (2002) 49:402-8. doi: 10.1007/BF03017330

Ito T, Kurita Y, Shinbo H, Yasumi Y, Ushiyama T. Surgery without
blood transfusion for pheocromocytoma in a Jehovah’s witness patient:
a case report. Nihon Hinyokika Gakkai Zasshi. (2013) 104:521-4.
doi: 10.5980/jpnjurol.104.521

Chiu M, Crosby ET, Yelle JD. Anesthesia for laparoscopic adrenalectomy
(pheochromocytoma) in an anemic adult Jehovah's witness. Can ] Anaesth.
(2000) 47:566-71. doi: 10.1007/BF03018949

Matsuki M, Muraoka M, Oyama T. Total spinal anaesthesia for a
Jehovah’s witness with primary aldosteronism. Anaesthesia. (1988) 43:164-5.
doi: 10.1111/j.1365-2044.1988.tb05509.x

19. Figueiredo RS, Thakkar RG, Ainley PR, Wilson CH. Review of abdominal
solid organ transplantation in Jehovah's witness patients. World ] Transplant.
(2019) 9:94-102. doi: 10.5500/wjt.v9.i5.94

20. Cooper L, Ford K, Miller E. Preparing a Jehovah’s witness for major elective
surgery. BMJ. (2013) 346:f1588. doi: 10.1136/bmj.f1588

21. Konstantinidis IT, Allen PJ, D’Angelica MI, DeMatteo RP, Fischer
ME, Grant E et al. Pancreas and liver resection in Jehovahs witness
patients: feasible and safe. J Am Coll Surg. (2013) 217:1101-7.
doi: 10.1016/j.jamcollsurg.2013.05.020

22. Vasques F, Kinnunen EM, Pol M, Mariscalco G, Onorati F, Biancari F.
Outcome of Jehovah’s witnesses after adult cardiac surgery: systematic review
and meta-analysis of comparative studies. Transfusion. (2016) 56:2146-53.
doi: 10.1111/trf.13657

23. Campi R, Tellini R, Sessa R, Mari A, Cocci A, Greco E et al. Techniques
and outcomes of minimally-invasive surgery for nonmetastatic renal
cell carcinoma with inferior vena cava thrombosis: a systematic
review of the literature. Minerva Urol Nefrol. (2019) 71:339-58.
doi: 10.23736/S0393-2249.19.03396-4

24. Murphy C, Abaza R. Complex robotic nephrectomy and inferior vena cava
tumor thrombectomy: an evolving landscape. Curr Opin Urol. (2020) 30:83-9.
doi: 10.1097/MOU.0000000000000690

25. Shen D, Du S, Huang Q, Gao Y, Fan Y, Gu L, et al. A modified
sequential vascular control strategy in robot-assisted level III-IV inferior vena
cava thrombectomy: initial series mimicking the open “milking” technique
principle. BJU Int. (2020) 126:447-56. doi: 10.1111/bju.15094

26. Serena G, Gonzalez J, Gaynor JJ, Salerno T, Verzaro R, Ciancio G. Pulmonary
tumor embolization as early manifestation in patients with renal cell
carcinoma and tumor thrombus: perioperative management and outcomes.
J Card Surg. (2019) 34:1018-23. doi: 10.1111/jocs.14182

27. Ciancio G, Shirodkar SP, Soloway MS, Livingstone AS, Barron M, Salerno
TA. Renal carcinoma with supradiaphragmatic tumor thrombus: avoiding
sternotomy and cardiopulmonary bypass. Ann Thorac Surg. (2010) 89:505-10.
doi: 10.1016/j.athoracsur.2009.11.025

28. Ciancio G, Manoharan M, Katkoori D, De Los Santos R, Soloway MS. Long-
term survival in patients undergoing radical nephrectomy and inferior vena
cava thrombectomy: single-center experience. Eur Urol. (2010) 57:667-72.
doi: 10.1016/j.eururo.2009.06.009

29. Ayyathurai R, Garcia-Roig M, Gorin MA, Gonzalez ], Manoharan M,
Kava BR, et al. Bland thrombus association with tumour thrombus
in renal cell carcinoma: analysis of surgical significance and role
of inferior vena caval interruption. BJU Int. (2012) 110:E449-55.
doi: 10.1111/j.1464-410X.2012.11128.x

30. Ciancio G, Soloway M. Renal cell carcinoma invading the
hepatic  veins.  Cancer. (2001)  92:1836-42. doi:  10.1002/1097-
0142(20011001)92:7<1836::AID-CNCR1700>3.0.CO;2-R

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Ciancio and Gonzalez. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org

December 2020 | Volume 7 | Article 622110


https://doi.org/10.1016/j.ejso.2019.05.009
https://doi.org/10.1111/j.1464-410X.2008.07792.x
https://doi.org/10.1016/j.urolonc.2012.06.013
https://doi.org/10.1111/j.1464-410X.1987.tb04832.x
https://doi.org/10.1016/S0022-5347(05)64452-7
https://doi.org/10.1053/j.jvca.2013.04.002
https://doi.org/10.1016/j.eururo.2010.07.028
https://doi.org/10.1016/j.eururo.2008.12.038
https://doi.org/10.1046/j.1464-410X.2003.04372.x
https://doi.org/10.1016/S0022-5347(05)67277-1
https://doi.org/10.1097/ACO.0000000000000053
https://doi.org/10.1007/s11701-017-0743-8
https://doi.org/10.1007/BF03017330
https://doi.org/10.5980/jpnjurol.104.521
https://doi.org/10.1007/BF03018949
https://doi.org/10.1111/j.1365-2044.1988.tb05509.x
https://doi.org/10.5500/wjt.v9.i5.94
https://doi.org/10.1136/bmj.f1588
https://doi.org/10.1016/j.jamcollsurg.2013.05.020
https://doi.org/10.1111/trf.13657
https://doi.org/10.23736/S0393-2249.19.03396-4
https://doi.org/10.1097/MOU.0000000000000690
https://doi.org/10.1111/bju.15094
https://doi.org/10.1111/jocs.14182
https://doi.org/10.1016/j.athoracsur.2009.11.025
https://doi.org/10.1016/j.eururo.2009.06.009
https://doi.org/10.1111/j.1464-410X.2012.11128.x
https://doi.org/10.1002/1097-0142(20011001)92:7<1836::AID-CNCR1700>3.0.CO;2-R
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Resection of Large Urological Tumors With or Without Inferior Vena Cava Extension in Jehova's Witnesses
	Summary
	Introduction
	Materials and Methods
	Operative Technique
	Statistical Methods

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


