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Background: Heated intraoperative intraperitoneal chemotherapy achieves high peritoneal con-
centrations with limited systemic absorption and has become an important tool in the management
of patients with peritoneal carcinomatosis from low-grade malignancies such as pseudomyxoma
peritonei and in selected cases of high-grade tumors such as colon adenocarcinoma. When the closed
abdomen technique is used, its perioperative toxicity seems to be related to the hemodynamic and
cardiac function changes associated with increased body temperature and increased intra-abdominal
pressure.

Methods: Hemodynamic and cardiac function variables during heated intraoperative intraperi-
toneal chemotherapy, using an open abdomen “coliseum technique,” were measured in 15 patients
with the use of a noninvasive esophageal Doppler monitor.

Results: The hemodynamic and cardiac function changes were characterized by an increased
heart rate, increased cardiac output and decreased systemic vascular resistance associated with an
increased body temperature, and decreased effective circulating volume with the urinary output
tending to decrease as the therapy progressed.

Conclusion: Heated intraoperative intraperitoneal chemotherapy with the open abdomen coli-
seum technique induces a hyperdynamic circulatory state with an increased intravenous fluid
requirement and avoids changes because of increased intra-abdominal pressure. Hemodynamic and
cardiac stability, as documented by normal blood pressure and adequate urinary output, can be
achieved by liberal intravenous fluids, titrated to frequent urinary output determination.
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Peritoneal carcinomatosis is a well-recognized entity
that affects a large number of patients worldwide every
year. Recently, the treatment has undergone significant
changes that have had a measurable impact on the out-
come of patients with peritoneal carcinomatosis from
both high- and low-grade malignancies. Traditionally,
the treatment would consist of surgical exploration, ex-
tensive biopsies, and an extensive debulking of the tu-
mor.1 Subsequently, the patient would be referred to a
medical oncologist for systemic chemotherapy. Most of
these patients suffered terribly, and in a median time of
approximately 9 months for patients with carcinomatosis

from a high-grade tumor and 21⁄2 years for those with
carcinomatosis from a low-grade tumor such as
pseudomyxoma peritonei, the patients died of intestinal
obstruction and terminal starvation.

Recent advances in surgical technique, with the intro-
duction of peritonectomy procedures, have allowed sur-
geons to completely remove all visible tumor.2 Also,
innovative strategies for the delivery of intraperitoneal
chemotherapy have changed the treatment of patients
with peritoneal carcinomatosis from a low-grade malig-
nancy and in selective patients with high-grade tumors
from a palliative approach to a curative one.3 Five-year
survival rates of approximately 80% for patients with
pseudomyxoma peritonei, and to 40% for patients with
peritoneal carcinomatosis from a high-grade malignancy
such as colon cancer, have been achieved.1 It has been
previously reported that the effects of regional (intraperi-
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toneal chemotherapy) can be maximized by delivering
the chemotherapy at 42°C to 43°C. Heated intraoperative
intraperitoneal chemotherapy achieves high peritoneal
concentrations with limited systemic absorption.4 Previ-
ously, the techniques, pharmacokinetics, and safety con-
siderations of the closed abdominal heated intraoperative
intraperitoneal chemotherapy have been reported.5 Defi-
ciencies in the distribution of heat and chemotherapy
with the closed technique prompted the development of
the open “coliseum technique” to improve the distribu-
tion of heat and drugs to all the abdominopelvic regions.

The purpose of this study was to report the changes in
hemodynamic and cardiac function variables by using a
noninvasive measurement during heated intraoperative
intraperitoneal chemotherapy with an open technique
and to outline a strategy to prevent intraoperative com-
plications.

MATERIALS AND METHODS

From September 24, 1997, to January 7, 1998, fifteen
consecutive patients (5 females and 10 males), between
the ages of 31 and 70 years, and weighing between 54
and 133 kg, underwent cytoreductive surgery and heated
intraoperative intraperitoneal chemotherapy. None of
these patients had known cardiac disease, hypertension,
or pulmonary disease. A single patient had previous
doxorubicin chemotherapy but no ECG abnormalities or
signs of cardiomyopathy. The diagnosis on these patients
included pseudomyxoma peritonei (12 patients), perito-
neal mesothelioma (2 patients), and gastrointestinal stro-
mal tumor (1 patient). A standard technique for the
delivery of heated chemotherapy was used. By using the
open coliseum technique, the abdominopelvic lavage
was performed for 90 minutes with a heat exchanger, a
cardiopulmonary bypass pump, and a heater/cooler unit
(3M Cardiovascular Inc., Ann Arbor, MI). Three liters of
1.5% dextrose peritoneal dialysis solution containing
12.5 mg/m2 of mitomycin C for males (maximum dose,
25 mg) or 10.0 mg/m2 for females (maximum dose, 20
mg) was heated and then infused into the abdomen via a
Tenckhoff (Quinton, Inc., Seattle, WA) catheter at a rate
of approximately 1 liter per minute. The fluid was re-
turned from the abdomen via four Jakson-Pratt drains by
an outflow pump, which established the inflow-outflow
circuit.

Temperatures were measured with a Labcraft digital
thermometer (Curtin Matheson Scientific, Jessup, MD).
The temperature at the inflow line was approximately
44°C. The Tenckhoff temperature probe was maintained
between 43°C and 44°C, and a distant intra-abdominal
site averaged 39.6°C. An esophageal temperature probe

was used to check the patient’s body temperature. Ex-
ternal cooling was provided with a cooling blanket to
avoid systemic hyperthermia.

Throughout the perfusion, the surgeon continuously
manipulated the intra-abdominal viscera to disperse both
heat and chemotherapy throughout all abdominopelvic
regions. All reconstructive procedures were performed
after the heated intraoperative intraperitoneal chemother-
apy was completed. Cardiac function and volume status
were measured beat by beat during the 90-minute ther-
apy by using an esophageal Doppler monitor (EDM).6

The central venous pressure was measured via a double-
lumen central venous catheter. Continuous blood pres-
sure monitoring was provided by an arterial radial line.
Esophageal Doppler monitoring was performed with a
6-mm noninvasive esophageal probe that was introduced
through the nose and advanced into the esophagus at the
level of the descending aorta. This stationary probe di-
rects a continuous 4-MHz beam of ultrasound waves at
blood flowing in the descending aorta. Alterations in the
frequency of the reflected ultrasound waves caused by
the moving blood cells are translated by the EDM into a
waveform, recording the velocity of the blood against
time and producing real-time information about left ven-
tricular flow. Analysis of this waveform provides mea-
surements of a range of cardiac variables. Once an ade-
quate signal was obtained, the probe was secured to the
nose with tape.

A baseline recording is performed 10 minutes before
the heated chemotherapy lavage is started. Measure-
ments included the following: heart rate, systolic and
diastolic blood pressure, central venous pressure, esti-
mated cardiac output, estimated stroke volume, flow
time, peak velocity, cardiac index, and systemic vascular
resistance. In addition, end-tidal CO2, urinary output,
esophageal temperature, and Tenckhoff catheter temper-
ature are also recorded. After the baseline reading, mea-
surements are repeated every 10 minutes during the
90-minute therapy and once again at 10 minutes after
completion of the therapy. The urinary output is recorded
every 15 minutes. A renal dose of dopamine (1.5mg/kg/
min), liberal intravenous fluids (1500 ml/hour), and low-
dose furosemide (20 mg) are used to keep urinary output
at more than 100 ml every 15 minutes. All urinary output
patients tolerated the procedure well.

Once the therapy is finished, the remaining fluid is
aspirated from the abdomen with two Yankawer suctions
and disposed of properly. The EDM is removed, and
gastrointestinal anastomoses are performed as indicated.
The patients are subsequently transferred to the postan-
esthesia care unit.
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RESULTS

The mean heart rate 10 minutes before the heated
intraoperative intraperitoneal chemotherapy was 89.7
(SD, 17.6) beats per minute and had a steady increase to
100 (SD, 15) beats per minute at 80 minutes, which
approaches statistical significance (P 5 .09). Ten min-
utes after stopping the lavage, the heart rate continued to
be elevated, at 98.7 (SD, 14) beats per minute (Table 1).

Both systolic and diastolic blood pressures did not
show any significant variation throughout the 90-minute
therapy, although both tended to decrease as the body
temperature increased (Table 1). The mean central ve-
nous pressure before the chemotherapy was started was
18 (SD, 05.8) mm Hg and remained without any signif-
icant change throughout the course (Table 1).

The mean estimated cardiac output before starting was
8.2 (01.5) liters/min and increased steadily, reaching a
maximum at 70 minutes of 9.9 (03.0) liters/min and
remaining elevated even 10 minutes after the therapy
was terminated. This increment in the cardiac output was
statistically significant (P 5 .04) (Table 1). As expected,
the mean estimated cardiac index also had a steady
increment and also peaked at 70 minutes; however, this
increment was not statistically significant (P 5 .06). In a
similar manner, the peak velocity, which reflects cardiac
contractility, increased from a pretherapy value of 89.0
(SD, 18.7) cm/sec to a maximum of 97.8 (SD, 24.7)
cm/sec at 90 minutes and remained elevated 10 minutes
after therapy with a mean of 94.0 (SD, 28.4) cm/sec.

Both stroke volume and flow time decreased during
the first 20 minutes of therapy and then increased grad-
ually, attaining the highest values at 70 minutes, and then
decreased again during the last 20 minutes of therapy.
None of these changes was statistically significant (Table
1). Systemic vascular resistance decreased as patient
temperature increased,and it began to increase after the
therapy was finished but was still below the baseline
level 10 minutes after therapy was concluded. Its lowest
point correlated with the highest cardiac output.

The end-tidal CO2 had a mean baseline of 31.6 (SD,
1.99) torr and increased constantly to a maximum of 34.6
(SD, 2.35) torr at 70 minutes; it then had a small decline
but 10 minutes after therapy was still above the baseline.
As shown in Table 1, these changes were statistically
significant (P 5 .002).

Patient temperature, which was recorded with an
esophageal probe, had a pretreatment mean value of
35.9°C (SD, 0.95°C) and increased constantly as the
heated intraperitoneal chemotherapy was given. It
reached its maximum value at 80 minutes, at 38.3°C (SD,
0.97°C), and started decreasing as soon as the therapy
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was finished. This increment was statistically significant
with P , .0001. Meanwhile, the temperature at the
Tenckhoff catheter fluctuated between 43.6°C (SD,
1.53°C) and 44.5°C (SD, 1.59°C) (Table 1).

Urinary output was measured every 15 minutes and
was kept at more than 100 ml by giving a renal dose of
dopamine (1.5mg/kg/min) throughout the heated ther-
apy, along with intravenous fluids at 1500 ml/hour of
crystalloid and forced diuresis with furosemide as
needed.

DISCUSSION

Heated intraoperative intraperitoneal chemotherapy
has become one of the techniques of the surgical oncol-
ogist and it is being used with increasing frequency
worldwide as the safety, morbidity rate, and therapeutic
considerations are better understood and recognized. The
indications for this particular method of treatment con-
tinue to increase in number, and it is now accepted as
part of the treatment of gastrointestinal and ovarian ma-
lignancies that have disseminated throughout the perito-
neal cavity and that have been adequately cytoreduced.
Also, to prevent peritoneal seeding and resection site
recurrence, it is being used as an adjuvant treatment for
malignancies that have perforated a hollow viscus. On
occasion, this regimen is used in patients with intractable
ascites from peritoneal surface malignancies such as
peritoneal mesothelioma.

Patients developed a hyperdynamic circulatory state
that was characterized by a steady increase in heart rate
and cardiac output that reached its maximum at between
70 and 80 minutes. These changes correlated with the
patients’ maximum increase in venous capacitance and
maximal esophageal temperature. In addition, the highest
end-tidal CO2 was also reached during this period. As the
body temperature decreased after completion of the
heated therapy, the hyperdynamic circulatory state began
to normalize, although it was still above baseline 10
minutes after the chemotherapeutic lavage was con-
cluded.

Perioperative management of patients who undergo
cytoreductive surgery for peritoneal carcinomatosis is a
challenge to the anesthesiologist. These patients have a
large abdominal incision with great insensible fluid
losses, are in the operating room for many hours, and
most of them have had a large volume of ascites drained.
Therefore, it is imperative that if a new method of
treatment is to be instituted, special attention should be
given to its potential perioperative complications. Safety
considerations and postoperative morbidity rates with
these techniques have been reported previously.5 Kana-

koudis et al.7 reported that most of the perioperative
complications and changes in cardiac and hemodynamic
functions during the heated intraoperative intraperitoneal
chemotherapy were related not only to the acute changes
of the body temperature but also to the increased intra-
abdominal pressure secondary to the increased intra-
abdominal fluid and a closed abdominal wall. They
strongly advised extensive hemodynamic monitoring in
patients who underwent heated intraoperative intraperi-
toneal chemotherapy.

Our data suggest that the hemodynamic and cardiac
function alterations, observed during heated intraopera-
tive intraperitoneal chemotherapy using the coliseum
technique, seem to be determined by the thermal stress
induced in the patient with its subsequent hyperdynamic
circulatory state. Incremental increases of patient core
temperature were associated with (1) increased cardiac
output, (2) decreased systemic vascular resistance, (3)
increased heart rate, and (4) increased end-tidal CO2.

Use of constant noninvasive monitoring provided by
the EDM caused administration of sufficient intravenous
fluids to keep preload relatively constant during the
hyperthermic therapy. The mean infusion rate per hour of
intravenous fluids, as measured in 10 patients before the
EDM was used, was 1220 ml/hour. When measured in
10 patients in whom the EDM was used, the mean
infusion rate per hour increased to 1781 ml/hour. This
fluid administration enabled the anesthesiologist to
maintain an adequate effective circulating volume de-
spite the decrease in systemic vascular resistance asso-
ciated with the patient’s vasodilation as a consequence of
the increasing temperature. There were no significant
changes in the patient systolic or diastolic blood pres-
sures, and the central venous pressure remained rela-
tively unchanged. It seems that the most physiological
maneuver, to minimize intraoperative complications, is
to maintain an adequate effective circulating volume by
giving liberal intravenous fluids, which counteracts the
increased venous capacitance.

In two patients, a Swan-Ganz catheter was placed at
the same time as the EDM, and there seemed to be an
adequate correlation between cardiac output determined
by the thermodilution method using the Swan-Ganz cath-
eter and cardiac output determined by use of the EDM.
Before this study, patients with compromised cardiopul-
monary function had been monitored by using a Swan-
Ganz catheter during cytoreductive surgery and heated
intraoperative intraperitoneal chemotherapy. At present,
however, the EDM is used when more precise and
minute-to-minute cardiac output monitoring is thought to
be necessary, and Swan-Ganz monitoring has been dis-
continued altogether. To detect trends in cardiac func-
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tion, we believe that the EDM is a useful tool to generate
valuable information in an easy, noninvasive, and repro-
ducible way that permits rapid intervention by the anes-
thesiologist during the operation.

The EDM was easily inserted and provided immediate
and constant information on cardiac function and volume
status. It was not associated with any complications that
may have occurred with a pulmonary artery catheter,
such as sepsis, arrythmias, or formation of thrombi.
Since analysis of these 15 patients, we have performed
more than 100 heated intraoperative intraperitoneal che-
motherapy treatments without having to prematurely ter-
minate any of them. Our monitoring equipment consists
of a central venous pressure line, a radial arterial line, an
ECG monitor, and a Foley catheter. In addition, in se-
lected patients with a significant cardiac history, we use
the noninvasive EDM during heated intraoperative intra-
peritoneal chemotherapy. A renal dose of dopamine,
furosemide, and liberal intravenous fluids, to keep the
urinary output at more than 100 ml every 15 minutes, are
given routinely.
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