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Abstract

We describe a case of 57year-old Caucasian female who presented with a 9cm mostly endophytic solid left renal mass to the urologic-oncology
service at our institution. The patient elected for a robot-assisted laparoscopic left radical nephrectomy. During the procedure, we encountered
inadvertent injuries to both the contralateral right renal artery and the superior mesenteric artery (SMA). We promptly identified the injuries and
we immediately summoned the vascular surgery team and converted to open surgery. Vascular surgery team performed an end to end repair to the
injured right renal artery and placed a polytetrafluoroethylene (PTFE) graft to repair the injured SMA. The kidney showed signs of recovery in the
immediate postoperative period and the bowel looked viable as well. However, eventually the small bowel suffered massive gangrene and sadly, the

patient died on postoperative day 4.
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Abbreviations: OR: Operating Room; PTFE: Polytetrafluorethylene; RP: Radical Prostatectomy; SMA: Superior Mesenteric Artery.

Case Report
-

Figure 1: Computerized tomography scan showing a 9 cm solid

enhancing left renal mass.
L J

A 57-year female patient presented with a solid left renal
mass to the urologic oncology clinic (Figure 1). The renal mass
was an incidental finding during investigation for lower back pain.
Otherwise, the patient was relatively healthy. We counseled the

@ @ This work is licensed under Creative Commons Attribution 4.0 License | AUN.MS.ID.000518.

patient on her treatment options including open versus minimally
invasive radical nephrectomy. The patient felt appealed to undergo
a robotic left radical nephrectomy. The counselling also involved
the potential complications of left radical nephrectomy (whether
open/robotic) including injuries to the superior mesenteric artery
(SMA), and the potential fatal outcome of such an injury as well as

any other injuries involving the Aorta.

The surgery performed in an academic institution with an
active accredited urology residency program. At our institution, we
strictly enforce the steps recommended by the Joint Commission to
prevent wrong site surgery. This included appropriate preoperative
history taking, appropriate side and procedure planned on the
consent form, the use of a sufficiently permanent unambiguous
mark on the correct side of the surgery, a thorough timeout with
the attending surgeon present in the room and display of patient
imaging at the time of the surgery [1].

The surgery started with the resident at the robotic console
and the resident assigned the initial part of the procedure; which
is the division of the white line of Toldt and medial mobilization of
the descending colon. The resident has performed this part of the
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procedure in different radical nephrectomies, in addition to regular
training to our residents in dry/animal labs on laparoscopic radical
nephrectomy procedure. The attending surgeon was at the bedside
assisting and keeping a very close eye on the resident and doing his
best to give him instructions to stay in the correct planes. However,
he struggled to progress and consequently the surgeon switched
position with the resident, and it is felt that the initial dissection
was carried in the wrong plane. As the surgeon was getting into the
correct plane, two arteries, clearly coursing in the lateral direction,
in the direction of the left kidney encountered. The left kidney is
more likely than the right kidney to have aberrant/accessory vessels,
which can originate directly from the aorta or nearby arteries; of
note one of them was small in caliber. The surgeon checked that the
small bowel remained healthy, pink, with good peristalsis all the
time, and after controlling these two vessels. During the procedure
of radical nephrectomy, we usually control the renal artery before
the vein. However, after controlling the left renal vein at the hilar
area with the stapler, another artery that seemed to be the true left
renal artery was found. At that point, there was a concern about
the prior secured arteries. The surgeon continued his due diligence,
and upon further dissection, identified an injury to the SMA and
the right renal artery. At that point, he immediately summoned the
vascular surgery team into the operating room (OR). The robot was
undocked, and the case was converted into open surgery to repair

the vascular injuries.

The vascular surgery team arrived within 10-15 minutes
and during that time; the OR team was setting the field ready to
avoid any delays. A bilateral Chevron incision was performed, and
vascular surgery team explored the major vessels. They elected to
start with the repair of the right renal artery to minimize the warm
ischemia time. 10,000 units of heparin intravenously was injected.
The repair of the right renal artery was carried out through an end-
end anastomosis, and with adequate perfusion to the right kidney.
Then they turned their attention to repair the injured SMA using
a polytetrafluoroethylene (PTFE) graft interposed between the
severed ends of the SMA. A Doppler check on the repaired arteries
showed good blood flow in both. At the end of the procedure, the
bowel was pink and healthy, and the right kidney was producing
urine while the patient was still on the OR table. The surgical team
elected not to close the fascia to allow for a second inspection of
the bowel and the right kidney the following day, and consequently,
only closed the skin.

Postoperatively, the patient was admitted to the intensive care
unit, and overnight she did well and was hemodynamically stable.
The total urine output measured the following day was > 2 L. The
following day, surgery team took the patient back to the OR and a
thorough bowel inspection revealed the bowel was healthy and the
kidney was well perfused. However, the gallbladder was gangrenous
and consequently a cholecystectomy was performed, and a pack
was left in the renal bedside since there was a hematoma. They
elected at that time to continue not to close the fascia and to bring
the patient for a second inspection of the bowel the following day

and for pack removal. During the second inspection, the bowel was
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found healthy except for a small portion of the bowel less than an
inch width that looked gangrenous and performed resection of that
portion of the bowl with end-to-end anastomosis using intestinal
stapling device, they removed the pack, and closed the fascia.

We transferred the patient back to the intensive care unit.
However, over the subsequent 48 hours, the patient continued to
deteriorate, with increased output from the nasogastric tube, rising
lactate levels, and started on hemodialysis. On postoperative day
4, an x-ray of the abdomen showed free air in her abdomen and
subsequent computerized tomography scan performed the same
day showed pneumatosis intestinalis, and a patent right renal
artery with a well-perfused right kidney. The surgery team took
the patient back to the OR and exploration showed complete small
bowel gangrene, an unlivable condition and after consulting with
the family the decision was not to pursue any further treatments.
Sadly, the patient died few hours after this exploration. The main
findings of the postmortem exam showed a patent PTFE graft,
gangrenous small bowel and grossly normal looking right kidney
with patent right renal artery.

Discussion

We described the case of known vascular injuries that can
happen during a left radical nephrectomy. The surgeon did not
miss these injuries and despite promptly seeking appropriate help
from an experienced vascular surgery team, we encountered a
fatal outcome. Academic institutions across the United States carry
the burden of treating future surgeons. In the surgical specialty of
urology, robotic training to the residents is a requirement by the
Accredited Committee for Graduate Medical Education (ACGME)
[2]. In an effort to provide optimal training, virtual-reality robotic
simulators and porcine models have been increasingly involved in
urology residency training programs [3]. Of the training protocols
described, initial utilization of simulation followed by bedside
assisting and finally participating in the robotic console [4, 5].
Schroeck FR, et al. [6] demonstrated that resident involvement
in robotic prostatectomy (RP) did not affect outcomes, including
operative time, blood loss, and positive surgical margin rates [6].
Similarly, Schommer E, et al. [7] reported that supervised resident
involvement in RP did not negatively affect perioperative patient
outcomes, although, it prolongs operating time compared to
surgeon-only cases [7].

Regarding the anatomy of the renal vasculature and the
surrounding structures, there are important anatomical points. The
renal arteries are the only vascular supply to the kidneys. They arise
from the lateral aspect of the abdominal aorta, typically at the level
of the L1/L2 intervertebral disk, immediately inferior to the origin
of the SMA. They enter the renal hilum anterior to the renal pelvis
and posterior to the renal vein. The right renal artery originates
from the anterolateral aspect of the aorta and runs posterior to
the inferior vena cava to reach the right kidney, while the left renal
artery originates slightly higher and from a more lateral aspect of
the aorta, and runs almost horizontally to the left kidney [8-10].
Consequently, the origins of both the right and left renal arteries lie
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beneath the left renal vein. This may have contributed to the right
renal artery injury that we encountered and the reason there are
reported several incidences on contralateral renal artery injury
during a left radical nephrectomy [11].

Ozkan U, et al. [12] studied the origins and variations of renal
arteries among 855 consecutive patients using non-selective
catheterization during aortofemoropopliteal (AFP) angiography
and by selective or non-selective catheterization during renal
angiography. Authors found that in 98% of patients the main renal
arteries origin was between the upper margin of L1 and lower
margin of L2 vertebra with the L1-L2 intervertebral disc being the
most common location. Extra-renal arteries (24%) were located on
the right and left side in 16% and 13% of cases, respectively. Of all
the extra-renal arteries, the percentage of aberrant renal arteries
was marginally higher than accessory renal arteries (51% vs 49%,
respectively) [12]. Of note, aberrant renal arteries perforate the
substance of the kidney rather than entering its hilum and could
arise as high as inferior phrenic artery or as low as internal iliac
arteries. Also, Bordei P, et al. [13] presented 54 cases of double
renal arteries supplying one kidney and originating from the aorta.
They found that of the 54 cases, 42 were unilateral, showing a left
predominance (25 cases, 59.5%), three of them with triple renal
arteries on the opposite side [13].

Understanding the impact of cutting the blood supply on the
kidney and its effect on nephron function comes best from studies
reporting on the renal functions of partial nephrectomy. It is well
known that during the procedure of partial nephrectomy, the
urologist would clamp the renal artery and for a prolonged period
in order to excise the tumor and repair the defect and with near
complete recovery of kidney function. Lee et al. studied the renal
functions outcome of 1816 kidneys underwent partial nephrectomy.
The authors concluded that a prolonged warm ischemia time (=

Table 1: Selected studies reported on the outcomes of SMA injuries.

50 minutes) was not associated with increased risk of chronic
kidney disease [as defined as an estimated glomerular filtration
rate (eGFR) of <60 mL/min/1.73m2] and major renal function
deterioration (defined as an estimated GFR decrease of = 25%
postoperatively). The authors compared this group of patients
to those underwent partial nephrectomy and with shorter warm
ischemia time (< 30 minutes) [14]. Mir MC, et al. [15] conducted a
thorough literature review on the impact of warm ischemia on the
kidney following partial nephrectomy and concluded the use of a
single cutoff for duration of ischemia time as a dichotomous value
for renal function outcomes in the setting of partial nephrectomy
(commonly 30 minutes) is flawed. The authors added that renal
ischemia is a controversial topic and likely, the kidney can tolerate
ischemia times of more than 30 minutes without a clinically
significant decline in renal function [15]. More recently, there is a
shift in the thought process of understanding the renal functions
following a partial nephrectomy with more emphasis on the volume
of the excised renal mass as the primary role in determining the
renal functions outcomes and with the warm ischemia time playing
secondary roles [16]. In our case, the right renal unit was intact. In
addition, animal models have shown that the kidney can withstand
warm ischemia times of up to 90 minutes [17]. The literature
reveals it might take several weeks for the kidney to recover from
interrupting the blood supply [18].

In our case, prompt identification and quick repair of the
injured right renal artery significantly reduced the risk of renal
damage. The evidence is that 1) the right kidney recovered quickly
and produced ample urine immediately after the vascular repair-
consequently the warm ischemia time was short. 2) The right
kidney continued to produce urine even when the patient was on
dialysis. 3) Final CT scan before death showed the right renal artery
patent and with a well perfused right kidney. 4) Postmortem exam
showed the right kidney to be grossly normal.
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Lille F-59037, . . .
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France. .
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Wilford Hall USAF nephroblastoma in 4 4 p.atlents: 3 were repa'lred by '
. . patients and another primary reanastomosis, and Alive (n=4) Dead
Ritchey et al. [25] Medical Center, SMA o . . -
child in whom SMA one with an interpositioned (n=1)
Lackland AFB, TX . .
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postoperatively. €
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Indiana University
School of Medicine
Siqueira et al,, anl_(ljol\:eitt];?glfSt SMA Left laparoscopic Vascular tube graft after failure Dead
[26] Indian]; Clarian radical nephrectomy of end-to-end anastomosis.
Health Partners,
Indianapolis
Unij/zllzz}ilw?setﬁl?er Left nephrectomy for Vascular repair using a vein
Blunt et al,, [27] School otfyMe dicineg SMA xanthogranulomatous | patch from the native left renal Alive
Chicago, Illinois US:A pyelonephritis vein.

CA: celiac artery, N: number of patients, SMA: superior mesenteric artery

1 Reanastomosis of the celiac artery could not be done due to instability of the patient.

¥ Revascularization of CA was performed 48 hours later by a retrograde prosthetic bypass from the right common iliac artery to the common liver

artery and was followed by cholecystectomy and splenectomy.

€ SMA thrombosis occurred after repair of an aortic tear during nephrectomy.

The SMA originates on the anterior surface of the aorta at the
level of the L1 vertebrae, approximately 1 cm inferior to the celiac
artery and superior to the renal arteries. The left renal vein runs
directly between the aorta and the takeoff of the SMA [19]. Brunet
C, et al. [20] reported the distance between the ostium of the left
renal artery and SMA, and between the ostium of the celiac artery
and the SMA to be 11.3 mm (3-22 mm) and 3.8 mm (1-11 mm),
respectively [20]. Consequently, it is not uncommon that SMA
injuries be associated with concomitant celiac artery injuries.
However, injuries of the celiac artery are rarely life threatening than
SMA ones since vital organs supplied by the celiac artery as the liver
have dual blood supply and the robust collateral circulation of the
proximal gut [21]. Injuries to the SMA may lead to a fatal outcome
despite apparently adequate vascular repair. We have summarized
pertinent studies on the outcomes of SMA injuries in (Table 1).

Conclusion

We described the case of a vascular injury to the right renal
artery and the SMA during a robotic left radical nephrectomy. We
immediately identified both injuries and intraoperative repair for
both injuries was performed by vascular surgery team. The kidney
survived the repair however the small bowel did not and the patient
died secondary to bowel gangrene. Immediate identification and
prompt repair to the injured renal artery reduced the ischemia time
and reduced the risk of acute tubular necrosis. Repair of the SMA

using a PTFE graft is not a guarantee that the bowel will survive.
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