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Intraoperative Immediate Diagnosis of Acute Obstruction of
Tricuspid Valve and Pulmonary Embolism Due to Renal Cell
Carcinoma with Transesophageal Echocardiography

Noriyuki Sasaoka, M.D.,* Masahiko Kawaguchi, M.D.,t Keiichi Sha, M.D.,t Takanori Sakamoto, M.D.,t
Mitsuru Shimokawa, M.D.,T Katsuyasu Kitaguchi, M.D.,F Hitoshi Furuya, M.D.§

PATIENTS with the tumor thrombus in the inferior vena
cava (IVC) have a great risk of pulmonary embolism"~
and obstruction of tricuspid valve® during operative
management. There has been several reports about in-
traoperative cardiac arrest and death due to such situa-
tions."* Therefore, immediate diagnosis and the subse-
quent management is an important challenge for anes-
thesiologists.

This case report describes a patient with renal cell
carcinoma that extended into the IVC and caused acute
obstruction of tricuspid valve and pulmonary tumor em-
bolism intraoperatively, which were immediately diag-
nosed by transesophageal echocardiography (TEE) and
were successfully managed by the rapid institution of
cardiopulmonary bypass (CPB).

Case Report

A 35-yr-old woman, weighing 53 kg, was admitted to our hospital
with appetite loss and left abdominal pain. Physical examination
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Fig. 1. Inferior venocavograms demonstrating the tumor
thrombus extending upward to near the right atriumin (RA).
The arrows indicate extention of the tumor thrombus in the
inferior vena cava (IVC).

revealed a palpable mass in the left upper quadrant. Laboratory results
showed a hematocrit of 30% and the elevation of leukocyte count
(11,500), alkaline phosphatase( 378 U/D), and lactic acid dehydroge-
nase (2,786 U/l). Radiologic examinations, including computed to-
mography, inferior venocavograms (fig. 1), and transthoracic echo-
cardiography revealed a left renal mass with a tumor thrombus ex-
tending upward to near the right atrium. The chest radiograph
revealed the metastatic lesions in the left lower lung area. This patient
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Fig. 2. Long-axis four-chamber view of the heart. The arrow
shows the thrombus, which occludes the tricuspid valve and
moves between right atrium (RA) and right ventricle (RV).

was scheduled for left nephrectomy, dissection of lymph nodes, and
removal of the tumor thrombus using cardiopulmonary bypass (CPB).

Anesthesia was induced with intravenous fentanyl (0.2 mg), mida-
zolam (5 mg), and thiopental (100 mg) after previous placement of
an epidural catheter. Anesthesia was maintained with 66% nitrous
oxide in oxygen, fentanyl, and isoflurane. Monitoring included elec-
trocardiography, arterial and central venous pressure, pulse oximetry,
end-tidal carbon dioxide monitor, and rectal temperature measure-
ment. Two-dimensional transesophageal echocardiography (TEE;
SDD870, Aloka, Tokyo, Japan) probe was placed to monitor the tu-
mor thrombus. Tumor thrombus floating freely in the IVC near the
right atrium, but no mass were observed in the four-chamber view
of the heart

With the patient in the supine position, the left nephrectomy was
started by urologists. Operation and anesthesia proceeded unevent-
fully. About 5 h after abdominal incision, the left kidney and renal
artery were isolated. At this time, blood gas analysis showed the pHa
was 7.36; PaO,, 169 mmHg; PaCO,, 40 mmHg; base excess, —2.4
(F10;, 0.3). While the surgeons were dissecting lymph nodes around
the renal artery, arterial blood pressure suddenly decreased from 94/
61(70) mmHg to 49/39(42) mmHg. Concurrently end-tidal carbon
dioxide decreased from 31 to 26 mmHg. An increase in the central
venous pressure from 5 to 13 mmHg immediately followed. Immedi-
ately the inspired oxygen concentration was increased to 100%, and
ephedrine (8 mg) was administrated, but there was no reaction. At
this time, the embolization of tumor thrombus was suspected, and
I'EE was performed to search for the embolization. The tumor throm
bus was discovered in the four-chamber view of the heart. The throm-
bus occluded the tricuspid valve and was moving between right
atrium and ventricle (fig. 2). Although the tricuspid valve was moving
it could not prevent regurgitation. Gradually it appeared that throm
bus separated into parts and moved into pulmonary artery (fig. 3)
At this time, ephedrine (5 mg), methoxamine (2 mg), dopamine (10
pg kg '-min "), and dobutamine (10 pg - kg
tered, but failed to restore the blood pressure. Blood gas analysis
showed that the pHa was 7.46; PaO,, 374 mmHg: PaCO,, 27 mmHg;
and base excess,

"« min "y were adminis-

5.6. Eight minutes later, cardiac arrest developed
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and external cardiac massage was commenced. While the right femo-
ral artery and vein were exposed, sternotomy was performed, and
subsequently open cardiac massage was commenced. After heparin-
ization (250 U/kg) and cannulation of the right femoral artery and
vein, CPB was instituted. A second venous cannula in the superior
vena cava was added. The time from the beginning of hy potension
to commencement of CPB was 28 min. A pulmonary arteriotomy was
performed, and the tumor thrombus was removed from the left. right,
and the main pulmonary artery. Next, the right atrium was opened,
and the tumor thrombus was removed. Residual tumor in the IV(
was removed by using a Fogarty catheter. At this time, no residual
tumor was observed by TEE. Finally, the left nephrectomy was com-
pleted. After insertion of a Swan-Ganz catheter, CPB was discontinued
uneventfully. The operation was completed without additional com-
plication.

The patient was transferred to the intensive care unit where
she recovered without myocardial injury and neurologic compli-
cation. She initially did well, but subsequently died of metastatic
disease.

Discussion

Although massive pulmonary tumor embolism from
renal cell carcinoma occurs relatively rarely,”® tiny em-
boli appear to occur more commonly. Winterbauer et
al.” and Arkless® reported pulmonary tumor emboli in
31% and 26% of patients with renal cell carcinoma,
respectively. The possibility of pulmonary embolism
from renal cell carcinoma is considerably enhanced
when tumor extends into the renal vein or IVC.° There-
fore, it is considered that the risk of pulmonary embo-
lism is high during surgical treatment in patients with
renal cell carcinoma extending into the IVC because
the hemodynamics are unstable and because the IVC is

Fig. 3. Long-axis four-chamber view of the heart. The thrombus
appeared to separate into parts.
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manipulated intraoperatively.” Wilkinson et al*vite:
ported a patient with renal cell carcinoma extending
above the diaphragm who developed massive pulmo-
nary embolism during a radical nephrectomy. Milne et
al.' also reported a case of massive intraoperative pul-
monary tumor embolus from renal cell carcinoma invad-
ing the IVC, who developed cardiac arrest and required
open cardiac massage and institution of CPB.
Intraoperative symptoms associated with pulmonary
embolism include hemodynamic changes such as a de-
crease in arterial pressure and increase in central venous
pressure, hypoxemia, and a reduction in end-tidal car-
bon dioxide tension with a large increase of the arterial
to end-tidal carbon dioxide tension gradient. However,
diagnosis of pulmonary embolism may be difficult in
the operating room because diagnostic procedures such
as pulmonary scintigraphy, transthoracic echocardiog-
raphy, or angiography cannot be performed usually.
Therefore, TEE has become the procedure of choice in
the evaluation of the patient with embolic events.”"’
Langeron et al.’ reported a case in which the throm-
boembolus migrating from the right atrium to the right
ventricle was observed with TEE, and pulmonary embo-
lism was intraoperatively diagnosed. However, as the
limitation of TEE, there is the possibility of missing small
emboli or those that have already passed into the pulmo-
nary vascular bed."" Nevertheless, Kasper et al.'’ re-
ported that there is a close correlation between size of
the right pulmonary artery and mean pulmonary artery
pressure in patients with pulmonary embolism and
changes in the right-to-left ventricular end-diastolic area
ratio correlate with severity of pulmonary obstruction.
Obstruction of tricuspid valve is another possible in-
traoperative fatal complication in patients with renal
cell carcinoma. Utley et al’® reported a patient with
Wilms' tumor extending into the IVC, in which acute
obstruction of the tricuspid valve occurred, and circula-
tion was arrested. However, diagnosis of obstruction of
the tricuspid valve was made only after the immediate
sternotomy and institution of CPB. Wilson et al'' re-
ported a patient undergoing pelvic surgery for bleeding
fibroids, in which obstruction of tricuspid valve caused
by massive thrombus was diagnosed by using TEE intra-
operatively. To our best knowledge, we believe that
this is the first report in which acute obstruction of
tricuspid valve from renal cell carcinoma invading the
IVC was intraoperatively diagnosed by using TEE. Diag-
nosing intraoperative tumor events in the IVC, atrium,
ventricle, and pulmonary artery without any delay can
allow us immediate treatment of patients including in-
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terruption of the vena cava and embolectomy under
the CPB.

Once the fatal complication such as massive pulmo-
nary embolism and obstruction of tricuspid valve oc-
curred, institution of CPB may be mandatory to save
the patient. Milne ef al.' reported a patient with renal
cell carcinoma invading the IVC, in which cardiac arrest
occurred during a radical nephrectomy with CPB avail-
able on standby, and the time from the beginning of
hypotension to commencement of CPB was approxi-
mately 10 min. Wilkinson et al.” also reported that emer-
gency institution of CPB was required for salvage of a
patient with intraoperative massive pulmonary embo-
lism, and the time to commencement of CPB was within
20 min, with CPB on standby. However, in this case it
took approximately 30 min to commence CPB from the
beginning of hypotension. With more delay, the patient
might have been in jeopardy. Therefore, we believe that
it is important to prepare for CPB with it on standby.

In conclusion, we present a case in which massive
pulmonary embolism and obstruction of tricuspid valve
from renal cell carcinoma invading the IVC were intra-
operatively diagnosed by TEE. TEE is inevitably neces-
sary for intraoperative monitoring of tumor events in
the IVC, atrium, ventricle, and pulmonary artery in such
patients.
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Fiberoptic Intracranial Pressure Monitoring during Magnetic
Resonance Imaging

Robert E. Grady, Jr., M.D.* C. Thomas Wass, M.D.,T Timothy P. Maus, M.D.,+ Joel P. Felmlee, Ph.D.§

MAGNETIC resonance imaging (MRI) provides high
quality diagnostic information in many central nervous
system disorders."* During MRI, patients are exposed
to a large static magnetic field (e.g., 1.5 Tesla) and radio-
frequency (RF) pulse sequences.' ™ It has long been
appreciated that the presence of metallic objects within
the magnetic field can lead to image distortion or, worse
yet, patient injury.'”’

Magnetic resonance imaging centers typically keep
compatibility registers of commonly used biomedical
devices.”® Unfortunately, with the growing number of
biomedical devices, it is often difficult to keep such
registers up to date.’

We report a case in which a commonly used intracran-
ial pressure (ICP) monitor was found to be MRI incom-
patible. We also discuss a practical two-step method for
performing ex vivo MRI compatibility screening.

Case Report

A 24-yr-old man with a severe closed head injury requiring intuba-
tion and ventilation underwent an emergent computed tomography
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(CT) scan of his head and neck. There was no evidence of intracranial
pathology requiring surgery, although due to his injury, a fiberoptic
ICP monitoring catheter (Camino Laboratories, San Diego, CA, Model
110-4B) was placed in the parenchyma of the right frontal lobe via
a small burr hole. The initial ICP reading was 9 mmHg. The cervical
spine CT scan was positive for fractures of C5 and €6, with subluxa-
tion of C6 on C7.

To better characterize the extent of the neck injuries, an MRI
examination of the cervical spine was scheduled, and the neuroane-
sthesiology service consulted for patient management during the
scan. As part of routine patient screening, the radiology department
queried whether the patient had any ferromagnetic devices that
would preclude exposure to a magnetic field. This initial screen was
negative, and the patient was brought to the MRI suite. Before scan-
ning, the ICP monitor was noted, and imaging was deferred until MR
compatibility of the indwelling monitor could be determined. Neither
the Mayo Clinic MRI database nor the catheter product insert had
information pertaining to its MRI compatibility. Additionally, a search
of the current MR safety literature was devoid of compatibility infor-
mation for this monitor. Lastly, we contacted the manufacturer via
telephone and were informed that MRI compatibility testing had not
been performed on this device.

Because we were unable to determine the safety of this device
in a 1.5 Tesla magnetic field, the fiberoptic catheter was electively
removed by the neurosurgical service. As part of the ferromagnetic
screening process, the fiberoptic catheter was then exposed and
strongly attracted to a hand-held ring magnet. Based on this observa-
tion, the catheter was not replaced, and the MR examination pro-
ceeded without incident. Subsequently, the ICP monitor was sent to
our Magnetic Resonance Imaging Research Laboratory for further
compatibility testing.

Testing was done using a two-stage process. The first stage was a
simple screen for ferromagnetism using a hand-held ring magnet, as
had been done previously (fig. 1). Any perceptible deflection was
considered positive for ferromagnetic properties. The second stage
of testing involved calculating a deflective force at the bore of the
imager magnet. This was achieved by suspending the biomedical
implant from a fine silk string and exposing it to the 1.5 Tesla mag-
netic field of the MR imager (GE Medical Systems, Milwaukee, WI)
Assuming the mass of the string is zero, the force acting on the object
can be calculated using the following standardized®” formula
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