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Abstract
Study Objective: To compare the hemodynamic changes that occur during laparoscopic radio-
frequency ablation of liver metastases with those occurring during laparoscopic ultrasound hepatic
examination alone.
Design: Prospective, observational study.
Setting: Operating rooms of a university-affiliated hospital.
Patients: 40 ASA physical status 2 and 3 patients with liver metastases.
Interventions: 20 patients underwent laparoscopic radiofrequency ablation of liver tumors following
laparoscopic ultrasound examination, and 20 had laparoscopic ultrasound examination alone. The
anesthetic technique was standardized.
Measurements: The primary endpoint of the study was the number of episodes of mean arterial
pressure (MAP) b 70 mmHg. Secondary endpoints were significant differences between the groups in
MAP, heart rate, cardiac index, ejection fraction (EF; both measured with thoracic bioimpedance),
calculated systemic vascular resistance index (SVRI), and central venous pressure.
Main Results: The number of episodes of MAP b 70 mmHg did not differ between groups: there
were 9 episodes in the ultrasound alone group and 7 in the radiofrequency group (P = 0.668). Cardiac
index, EF, and SVRI were similar between groups. Central venous pressure was slightly higher in the
radiofrequency group [11.99 (10.8-13.2) mmHg vs. 10.3 (9.2-11.4) mmHg, P = 0.04].
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Conclusions: Hemodynamic profiles were similar when comparing laparoscopic radiofrequency
ablation of liver metastases with laparoscopic ultrasound hepatic examination alone.
© 2012 Elsevier Inc. All rights reserved.
1. Introduction were allocated to laparoscopic ultrasound + LRFA as a
therapeutic procedure.
Radiofrequency ablation (RFA) of hepatic malignant
tumors has evolved significantly during the last 10 years.
Radiofrequency ablation for treatment of hepatic malignan-
cies is performed either percutaneously during open surgery
or laparoscopically (LRFA). Laparoscopic radiofrequency
ablation preceded by ultrasound examination enables exact
diagnosis and a direct targeted ablation procedure.

Hemodynamic instability has been reported during
laparoscopic cryoablation of liver tumors [1,2]; however,
no study has estimated the hemodynamic effects of LRFA.
The purpose of this study was to compare the hemodynamic
changes that occur during LRFA of liver metastases coupled
with laparoscopic ultrasound hepatic examination, with
those occurring during laparoscopic ultrasound hepatic
examination alone. Our hypothesis was that LRFA and
laparoscopic ultrasound examination alone produce similar
hemodynamic profiles.
2. Materials and methods

After obtaining Wolfson Medical Center Institutional
Research Ethics Committee approval and patients' written,
informed consent, 40 adult patients (20 per group), scheduled
to undergo elective LRFA or laparoscopic ultrasound alone
were assigned to this prospective, observational study.
Excluded from the study were patients with ASA physical
status N 3, NYHA (New York Heart Association) class N 2,
and/or ejection fraction (EF) b 40%, if recorded.

2.1. Protocol

The study was conducted in patients with colorectal liver
metastases who were admitted for surgical evaluation and
treatment. Patients had extensive preoperative assessment,
which included high-resolution computed tomography of the
chest, abdomen, and pelvis. In some cases, positron emission
tomography was performed to exclude extrahepatic disease.
Patients with hepatic lesions but without documented
extrahepatic involvement at routine radiological studies
were included in the study.

Patients were allocated to one of two surgical approaches:
laparoscopic ultrasound + LRFA or laparoscopic ultrasound
alone. Those whose routine preoperative examination was
questionable were scheduled to undergo laparoscopic
ultrasound alone as a diagnostic procedure. Patients with
bilobar liver involvement or multiple liver metastases
amenable to liver resection (less than 3.0 cm diameter)
Patients were premedicated with sublingual brotizolam
0.25 mg. Following induction of anesthesia with propofol,
fentanyl, and rocuronium, arterial, central venous, and
urinary catheters were placed. Anesthesia was maintained
with sevoflurane, fentanyl, and rocuronium, as deemed
necessary. Lactated Ringer's solution was administered
throughout the procedure at a rate of 5 mL/kg/hr.

The laparoscopic procedure commenced with laparoscop-
ic evaluation for accurate staging of the disease. Laparoscopic
exploration of the peritoneal cavity and intra-abdominal
organs was performed. Involvement of lymph nodes at the
liver hilus, celiac, and mesenteric root were noted. Next, the
entire liver was liberated from adhesions to adjacent viscera,
the falciform ligament was excised, and the diaphragm was
pushed cephalad to free access for meticulous examination.
The liver was then visualized by ultrasound using a
combination of direct and lateral views. Lesions were
measured and classified with respect to location, size, and
shape (symmetrical or asymmetrical). At this stage, a
treatment plan was chosen. If LRFA was indicated and
feasible, an 11 cm incision in the right upper quadrant was
made. Radiofrequency ablation was performed as previously
described [3].

The radiofrequency needle (Cool-tip; Radionics, Burling-
ton, MA, USA) was attached to a 500 kHz monopolar
generator (3D Radionics) capable of producing 200 W of
power. Grounding was achieved by attaching two ground-
ings pads, each with a greater than 400 cm2 surface area, to
the patient's thighs. A peristaltic pump was used to infuse 0°
C normal saline solution into the lumen of the electrodes at a
rate sufficient to maintain a tip temperature of 15° - 25° C.
Tip cooling reduces heating immediately adjacent to the
electrode, thereby reducing tissue vaporization and its
deleterious effects on circuit impedance. This action permits
high energy deposition and increases the area of necrosis.
The RFA needle was inserted with ultrasound guidance and
the lesion was ablated for 10 minutes.

A margin of 1.0 cm of normal hepatic parenchyma
was included in the ablation process. A hyperechoic heat
lesion observed with real-time ultrasonography confirmed
adequate ablation.

At the end of the procedure the patient's trachea was
extubated and the patient was taken to the Postanesthesia
Care Unit.

2.2. Measurements

Hemodynamic measurements were undertaken at spe-
cific time points during anesthesia and surgery. Mean
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arterial pressure (MAP) and heart rate (HR) were measured
invasively and oscillometrically (AS/5; Datex-Ohmeda,
Inc., Madison, WI, USA). Cardiac index (CI) and EF
were determined with thoracic bioimpedance readings
(model NCCOM3; CardioDynamics Intl. Corp., San
Diego, USA). All of these variables, along with nasopha-
ryngeal temperature, end-tidal carbon dioxide, oxygen
saturation via pulse oximetry (SpO2), and central venous
pressure (CVP), were recorded every 5 minutes and also at
7 specific time points: 1) before anesthesia (except for
CVP), 2) three minutes after intubation, 3) three minutes
before peritoneal insufflation with CO2, 4) at maximal
abdominal inflation (15 mmHg) with CO2, 5) three minutes
after deflation of CO2, 6) three minutes before extubation,
and 7) three minutes after extubation. These measurement
time points were considered as events with potential for the
occurrence of hemodynamic changes.

Systemic vascular resistance index was calculated for
each time point from a standard cardiac output (CO)
formula [4]. Complications such as arrhythmias (defined as
ventricular tachycardia, ventricular fibrillation, paroxysmal
supraventricular tachycardia, atrial fibrillation, or cardiac
arrest) were recorded, as were other cardiovascular
complications (intraoperative myocardial ischemia, defined
as a new 2 mm ST depression or a new 1 mm ST elevation
on an automatic ST analyzer, and myocardial infarction),
significant bleeding (N 10 mL/kg body weight), and
requirement for open surgery. Amount of bleeding, urinary
output nasopharyngeal temperature, fluids infused, and
duration of surgery were recorded.

2.3. Data analysis

To calculate the necessary sample size for the study, a
power analysis was performed. We defined a difference of at
least 15% of mean arterial pressure (MAP), heart rate (HR),
Table 1 Demographic and intraoperative variables

Group variable Group 1 (ultrasoun

Age (yrs) 63 ± 12
Gender m/f (%) 43/57
ASA physical status 2/3 (%) 80/20
Diabetes mellitus (%) 13
Hypertension (%) 35
Ischemic heart disease (%) 19
Duration of surgery (min) 105 ± 15
Temperature at end of surgery (°C) 36 ± 0.4
SpO2 (%) 98 ± 0.2
ETCO2 (mmHg) 34 ± 4
Total intraoperative fluid intake (mL) 2,226 ± 526
Estimated blood loss (mL) 100 ± 50
Urinary output (mL/hr) 85 ± 15
Episodes of MAP b 70 mmHg (n) 9

Results are expressed as percentages (%) or means ± SD.
SpO2=oxygen saturation as measured by pulse oximetry, ETCO2=end-tidal carb
and CI between groups, with pooled SD of 15 mmHg, 10
beats per minute, and 0.5 L/min/m2 for MAP, HR, and CI,
respectively, to be of clinical importance. To achieve an 80%
power to detect such a difference with an α of 0.05, at least
17 patients were calculated to be required in each group.
Finally, 20 patients were enrolled in each study group.

Data were evaluated for normal distribution using the
Kolmogorov-Smirnov test. Continuous variables with dis-
tribution significantly differing from normal were compared
using the Mann-Whitney U test. Parametric data are
expressed as means ± SD. Categorical data were described
using frequency counts and percentages, and compared using
Chi square (with Yates correction) or Fisher's exact tests, as
appropriate. All results were considered significant at P b
0.05. Main outcomes were analyzed and compared with
multivariate logistic regression, while dynamic chronologi-
cal changes between and within groups were analyzed with
the general linear model for repeated measurements.
3. Results

Demographic data and intraoperative variables are
presented in Table 1. There was no statistical difference in
any variables measured between the two groups except for
SpO2 (98 ± 0.2% vs 97 ± 0.2%; P = 0.03).

The number of episodes of MAP b 70 mmHg (our study's
primary endpoint) did not statistically significantly differ
between the two groups (Table 1). The episodes of MAP b
70 mmHg occurred randomly without a specific pattern.

Hemodynamic data are shown in Table 2. There were
no statistically significant differences between these
measurements except for CVP, which was slightly higher
in the LRFA group (P = 0.04). When the general linear
model was used, no statistical differences were noted
between groups. There were no cases with significant
d) Group 2 (radiofrequency) P-value

62 ± 12 0.731
43/57 1.000
90/10 0.314
17 0.679
23 0.298
3 0.104
155 ± 50 0.200
35.9 ± 04 0.145
97 ± 0.2 0.03
33 ± 5 0.341
2,387 ± 461 0.209
180 ± 50 0.100
90 ± 25 0.668
7 0.668

on dioxide, MAP=mean arterial pressure.



Table 2 Hemodynamic data

Group variable Group 1
(ultrasound)

Group 2
(radiofrequency)

P-value

MAP (mmHg) 0.765
MAP 1 95 ± 13 97 ± 16
MAP 2 93 ± 11 97 ± 21
MAP 3 88 ± 12 96 ± 19
MAP 4 90 ± 13 99 ± 17
MAP 5 96 ± 15 94 ± 13
MAP 6 102 ± 22 97 ± 17
MAP 7 105 ± 21 94 ± 19
Mean overall MAP
(mmHg)

96 ± 9 96 ± 10

HR (bpm) 0.180
HR1 79 ± 21 72 ± 13
HR 2 74 ± 17 71 ± 14
HR 3 71 ± 17 69 ± 13
HR 4 72 ± 17 70 ± 14
HR 5 74 ± 18 70 ± 14
HR 6 73 ± 16 72 ± 14
HR 7 81 ± 17 68 ± 18
Mean overall HR (bpm) 75 ± 16 70 ± 16
CI (L/min/m2) 0.756
CI 1 3.2 ± 0.6 4.6 ± 0.6
CI 2 3 ± 0.7 2.8 ± 0.8
CI 3 3 ± 0.8 2.9 ± 1
CI 4 3 ± 0.8 2.7 ± 1
CI 5 3 ± 0.6 2.6 ± 0.8
CI 6 3.1 ± 0.7 2.8 ± 0.8
CI 7 3.3 ± 0.5 2.7 ± 0.7
Mean overall CI
(L/min/m2)

3.1 ± 0.6 3 ± 1.4

EF (%) 0.131
EF 1 56 ± 6 57 ± 7
EF 2 53 ± 10 59 ± 6
EF 3 56 ± 7 57 ± 6
EF 4 54 ± 11 58 ± 7
EF 5 55 ± 8 58 ± 6
EF 6 58 ± 8 57 ± 8
EF 7 59 ± 7 60 ± 5
Mean overall EF (%) 56 ± 6 58 ± 5
CVP (mmHg) a 0.04
CVP 2 10 ± 4 11 ± 4
CVP 3 10 ± 4 13 ± 5
CVP 4 10 ± 4 12 ± 4
CVP 5 10 ± 4 12 ± 4
CVP 6 10 ± 3 12 ± 5
CVP 7 11 ± 3 12 ± 5
Mean overall CVP
(mmHg)

10 ± 3 12 ± 3

SVRI (dyn.sec.cm-5/m2) a 0.119
SVRI 2 2174 ± 477 2479 ± 1076
SVRI 3 2416 ± 941 2561 ± 941
SVRI 4 2276 ± 1044 2742 ± 1870
SVRI 5 2388 ± 1385 3003 ± 1800
SVRI 6 2372 ± 616 2786 ± 1124
SVRI 7 2359 ± 607 2577 ± 798
Mean overall SVRI
(dyn.sec.cm-5/m2)

2379 ± 713 2685 ± 935
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bleeding or intraoperative or postoperative complications in
either group.
4. Discussion

Laparoscopic radiofrequency ablation is increasing in
popularity as a treatment for liver metastases. Surgical
resection provides the greatest potential for cure in patients
with liver metastases. However, many patients have either
unresectable disease, inadequate hepatic reserve, or severe
comorbidities that render hepatic resection inappropriate.
Laparoscopic radiofrequency ablation may improve survival,
taking into account that the benefit of chemotherapy with this
type of tumor is marginal.

In this study we compared the hemodynamic changes that
occurred during LRFA of liver metastases coupled with
laparoscopic ultrasound hepatic examination, with changes
occurring during laparoscopic ultrasound hepatic examina-
tion alone. Hemodynamic changes during surgery may be
affected by at least 4 factors: type of surgery, type of
anesthesia, the patient's cardiovascular reserve, and the
perioperative intravascular volume state. The last two factors
were presumably similar among our patients, as they all were
receiving a normal diet the day before surgery, had reasonable
left ventricular function, were scheduled for elective surgery,
and had no significant intraoperative blood loss.

The impact of the third factor, anesthesia, on patients'
hemodynamics seemed to be similar, as the anesthetic
technique was standardized.

Thus, the only independent factor to be evaluated in this
study was type of surgery. There are significant hemody-
namic and respiratory changes during laparoscopy [5].
Although most patients tolerate these changes well, some
research has identified high-risk patients who have a great
likelihood for adverse events related to elevated intra-
abdominal pressure [6]. These patients may benefit from
invasive hemodynamic monitoring.

Thoracic bioimpedance monitoring provided us with
important hemodynamic information in addition to standard
monitoring. Thoracic bioimpedance measurements correlated
with those obtained by thermodilution [7,8], and have been
validated with the dye technique during general anesthesia [9].

Therefore, we decided to examine the hemodynamic
changes in our patients using the bioimpedance technique
MAP=mean arterial pressure, HR=heart rate, CI=cardiac index, EF=ejection
fraction. 1=before anesthesia, 2=three min after intubation, 3=three min
before peritoneal insufflationswithCO2, 4=atmaximal abdominal inflation
(15 mmHg) with CO2, 5=three min after deflation of CO2, 6=three min
before extubation, 7=three min after extubation.

a The first central venous pressure (CVP) measurement and systemic
vascular resistance index (SVRI) calculation were performed following
induction of anesthesia.
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instead of invasive hemodynamic monitoring. Critchley et al
[10] measured hemodynamic changes in patients undergoing
laparoscopic cholecystectomy. The effect of pneumoperito-
neum on CI, MAP, and SVR was variable. Mean arterial
pressure increased by 55% and SVRI increased by 63%.
Cardiac index changes were inconclusive, with a 7% decrease
to a 22% increase.

On the other hand, Russo et al [11] showed that
pneumoperitoneum caused a significant reduction in stroke
volume, CO, and left ventricular end-diastolic volume during
laparoscopic hysterestomy. However, Nguyen et al [12]
found no serious hemodynamic changes during laparoscopic
gastric bypass surgery. Similarly, laparoscopy did not cause
any hemodynamic compromise in our patient groups as
shown by the unchanged hemodynamic measurements before
and after abdominal insufflation. One factor that may
significantly affect hemodynamics in laparoscopic surgery
is an elevated intraperitoneal pressure produced by gas
insufflation for the creation of pneumoperitoneum [13].
However, as per our routine protocol, we limited intraperi-
toneal pressure to no more than 15 mmHg.

The differences noted in the results of these studies may
stem from different patient populations and surgical pro-
cedures studied.

Hemodynamic instability has been reported during
laparoscopic cryoablation of liver tumors [1,2]. In this
study we sought to determine if LRFA with the energy
transferred to the liver tissue caused similar hemodynamic
changes to laparoscopic ultrasound evaluation alone. When
comparing hemodynamic changes in the two groups, no
statistically significant changes were noted.

4.1. Conclusion

Laparoscopic radiofrequency ablation caused similar and
stable hemodynamic profiles when compared with laparo-
scopic ultrasound examination alone.
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