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Abstract. Background/Aim: Esophagectomy is more invasive
compared to other gastrointestinal surgery types. Perioperative
circulatory management is important to avoid postoperative
heart complications. The FloTrac sensor along with the Vigileo
monitor is a minimally invasive haemodynamic monitoring
device. Here, we examined different surgical procedures
affecting hemodynamics using the FloTrac system in
esophageal cancer patients following esophagectomy. Patients
and Methods: Thirty-one patients undergoing postoperative
monitoring with the FloTrac sensor/Vigileo monitor system
following esophagectomy were included. Evaluation of cardiac
index (CI) and stroke volume variation (SVV) measurements
were performed by analyzing the number of aberrant values.
We evaluated the correlation between the number of aberrant
values of CI, SVV and surgical methods of esophagectomy and
perioperative factors. Results: There was no significant
correlation between the number of aberrant values of CI, SVV
and operative approach or fields of lymphadenectomy.
Regarding the reconstruction route following esophagectomy,
there was a significant correlation between the number of
aberrant values of CI, SVV and retrosternal route compared
with other routes. There was a significant correlation between
the number of aberrant values of SVV and preoperative heart
complication. Conclusion: Hemodynamic stability management
using FloTrac/Vigileo system following esophagectomy is
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useful for safe performance of postoperative management of
esophageal cancer patients.

Improvement of surgical techniques and perioperative
management of esophagectomy are among the factors
decreasing morbidity and mortality in esophageal cancer
patients. Perioperative circulatory management is especially
important, because esophagectomy, which involves two- or
three-phase procedures, such as abdominal, chest and/or neck
incisions, is more invasive than other types of gastrointestinal
surgery. Postoperative hypovolemic hypotension following
esophagectomy can cause a shift of extracellular fluid from
the central to peripheral compartments (1). Multiple minimally
invasive hemodynamic monitoring devices, including pulse
pressure/stroke volume variation (SVV), esophageal Doppler,
and extravascular lung water measurement, have been
evaluated for the optimization of the perioperative fluid
therapy (1). The FloTrac/Vigileo system (Edwards
Lifescience, Tokyo, Japan) is a less invasive hemodynamic
monitoring device compared to those used for thermodilution
assessment. This device can continuously monitor cardiac
output (CO), as well as stroke volume and SVV through a
peripheral arterial pressure line. Kobayashi et al., have
reported SVV is an accurate predictor of intravascular
hypovolemia and a useful indicator for assessing the
appropriateness and timing of applying fluid to improve
circulatory stability during the perioperative period following
esophagectomy (2).

The non-invasive FloTrac sensor does not require for
calibrated CO monitoring. The advantage of the system is
that it can offer very valuable information easily, as it is
directly connected to the arterial pressure waveform.
Moreover, the FloTrac system is useful for regulating the
infusion volume. Isosu et al., have suggested that SVV
measurement is useful for estimating the optional volume for
fluid supplementation and may prevent excessive fluid
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infusion during surgical procedures, such as laparoscopic
adrenalectomy in patients with pheochromocytoma (3). The
recent report also reports the usefulness of fluid adjustment
using Flotrac in many cancer surgery (4-6).

In a report on esophageal cancer, Ishihara et al., have
reported that none of the tested variables (SVV, pulse pressure
variation, central venous pressure, intrathoracic blood volume
and initial distribution volume of glucose) can accurately
predict fluid responsiveness following abdominothoracic
esophagectomy, even for the near future (7). However,
Kobayashi et al., have concluded that SVV is an accurate
predictor of intravascular hypovolemia and useful for
assessing the appropriateness and timing of applying fluid for
improving circulatory stability during the perioperative period
following esophagectomy (2).

Surgery alone or in combination with chemotherapy or
chemoradiation is the mainstay in treatment of localized
esophageal adenocarcinoma and one of several options for
esophageal squamous cell cancer, which may also be
radically treated with definitive chemoradiotherapy or
radiotherapy alone. Surgical resection is a common treatment
for patients with resectable esophageal cancer, however, the
most appropriate surgical approach is subject to considerable
debate, and major controversies surround the issue of the
operative approach, such as video-assisted surgery versus
open surgery, selection of conduit, methods of reconstruction
and curability of resection and so on. For the first time, we
examined some of the surgical procedures that affect the
hemodynamics using the FloTrac system in esophageal
cancer patients following esophagectomy.

Patients and Methods

Patient characteristics and operation procedure. Between April 2013
and May 2014, 31 patients (25 males, 6 females) with a mean age of
66.6+8.3 (range, 45-81) years underwent postoperative monitoring
with the FloTrac sensor/Vigileo monitor system following curative
surgery for esophageal cancer at Gunma University Hospital, Japan.
The FloTrac sensor/Vigileo monitor system was used in the intensive
care unit (ICU). Each patient gave written informed consent before
esophagectomy. Preoperative examinations regarding operable
tolerance included heart, respiratory, renal and hepatic functions, and
all enrolled patients passed the preoperative examination. Preoperative
echocardiographic measurements of the left ventricular ejection
fraction were normal in all patients. Patients with pacemakers, a
history of cardiac arrhythmia, severe peripheral vascular disease,
cardiac support or persisting mitral or aortic dysfunction after surgery
were excluded.

Patient characteristics are shown in Table I. In total, 20 patients
underwent radical surgery for esophageal cancer performed using
a right thoracoabdominal approach, whereas 11 patients were
operated using video-assisted thoracoscopic esophagectomy.
Twenty-four patients underwent esophagectomy with an extended
three-field lymphadenectomy, and the remaining 7 patients
underwent two-field lymphadenectomy. Moreover, reconstruction
was performed using a gastric tube as a conduit in all cases except
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Table 1. Patient characteristics.

Patient characteristics (n=31)

Gender M25:F 6
Age (years; mean+SD) 66.6+8.3
Esophagectomy

Thoracoscopic surgery 11

Traditional surgery 20
Reconstruction Route

Postmediastional route 27

Retrostinal route 3

Antethoracic route 1
Anastomosis position

Cervix 25

High intrathoracic 6
Fields of lymphadenectomy

2 fields 7

3 fields 24
Operation time 530.3+78.5

(minutes; mean+SD)

M: Male; F: female; SD: standard deviation.

for a single case of right colon interposition. With regards to the
reconstruction route and anastomosis position, 27 patients were
operated via the postmediastinal route (87.1%), with 21 cases of
neck esophagogastrostomy and 6 cases of high intrathoracic
esophagogastrostomy. Three patients were selected for the
retrosternal route with neck esophagogastrostomy, and only one
patient was operated through the antethoracic route with colon
interposition, as described above.

Postoperative care and assessment of haemodynamic parameters in
ICU. Prior to the induction of anesthesia, a 20G catheter was
inserted in the left radial artery and was connected to the
FloTrac/Vigileo monitor (Edwards Lifescience, Irvine, CA, USA).
The FloTrac/Vigileo system monitored: i) CO, ii) CI, iii) stroke
volume (SV), iv) stroke volume index (SVI) and v) SVV. We
retrospectively calculated and analysed CI and SVV values in ICU.
CI is indicated as: CO (I/min)/patient body surface. SVV (%),
similarly, equals: (maximum SV-minimum SV)/mean SV, where
maximum and minimum SV are the mean values of the four
extreme values of SV during a period of 30 seconds, and the mean
SV is the average value for this time period.

Postoperatively, all patients were kept intubated and ventilated
overnight in ICU, and if their clinical condition was satisfactory,
they were extubated in the next morning. The 21-bedded ICU was
available to all esophageal cancer patients and was staffed by
anaesthetists and experienced nurses. Routinely, 1,000 ml of 5%
(12.5 g/250 ml) albumin (CSL Behring) was immediately instilled
in each ICU patient to provide circulatory stabilization. Blood
transfusion was avoided unless serum haemoglobin persistently fell
below 9 g/dl or the clinical situation was otherwise deteriorated. A
continuous intravenous injection of 0.2 mg/kg per hour of sivelestat
sodium hydrate (ONO Pharmacol, Osaka, Japan) was also
administered at ICU.

FloTrac sensor data were collected from the patients admitted to
ICU, and the length of their stay was recorded. CI and SVV were



Sohda et al: FloTrac System After Esophagectomy

p=0.209

& el

Number of aberrant values of Cl

Open surgery  Thoracoscopic surgery

> 50 p=0.631
O 40- ——
5
w
$ 304
2.1 4 =
% 20- e
E | T /1‘_“'--...
T 10- == I
[=] - ] T
B iy e —=
E .
z

-10

I
Open surgery  Thoracoscopic surgery

Opeation procedure

Figure 1. Correlation between the number of aberrant values of cardiac index (CI), stroke volume variation (SVV) and operative approach
(thoracoscopic versus open surgery). The green diamonds represent the sample mean and its confidence interval. The red box plot shows a concise
representation of the distribution of values, and blue line shows confidence interval and its mean value.
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Figure 2. Correlation between the number of aberrant values of cardiac index (CI), stroke volume variation (SVV) and number of lymphadenectomy

fields.

evaluated by recording the number of aberrant values. In this study,
CI values <2.2 and SVV values >10 were considered aberrant as per
previous reports. We evaluated the correlation between the number
of aberrant CI and SSV values along with surgical methods of
esophagectomy or other perioperative factors.

Statistical analysis. The relationship between the number of aberrant
CI and SVV values and surgical methods of esophagectomy and
other perioperative factors was analysed using Fisher's ANOVA.
Probability (p) values <0.05 were considered as indicative of
statistically significant differences.

Results

There was no significant correlation between the number of
aberrant values of CI, SVV and sex or age (cutoff: 70 years
old). With regards to the operation procedure, there was no
significant correlation between the number of aberrant values
of CI, SVV and operative approach (thoracoscopic versus
traditional open surgery) (Figure 1). Moreover, there was no
significant correlation between the number of aberrant values
of CI, SVV and the number of lymphadenectomy fields (2
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Figure 3. Correlation between number of aberrant values of cardiac index (CI), stroke volume variation (SVV)and retrosternal route compared to

other routes.

fields versus 3 fields) (Figure 2). Regarding the reconstruction
route following esophagectomy, there was a significant
correlation between the number of aberrant values of CI, SVV
and retrosternal route compared to other routes (Figure 3). The
retrosternal route had a significantly negative effect on
hemodynamics in both CI and SVV compared to the
antethoracic and postmediastinal route.

Concerning the perioperative data, we assessed the
operation time, the intraoperative blood transfusion, the
intraoperative bleeding and the balance of intraoperative
infusions. There was no significant correlation between the
number of aberrant values of CI, SVV and these perioperative
factors.

Moreover, we analysed the correlation between the
number of aberrant values of CI, SVV and preoperative heart
complications, such as hypertension, atrial fibrillation or
angina. There was a significant correlation between the
number of aberrant values of SVV and preoperative heart
complications (Figure 4). This result shows that esophageal
cancer patients with heart complications tend to be
hypovolemic during the postoperative period.

Discussion

The FloTrac/Vigileo system device uses arterial pressure
waveform analysis to calculate SV and CO, without a
requirement for calibration against an independent CO
measurement. Therefore, it provides a method to determine
the hemodynamics status, changes in the clinical course and
response to therapeutic intervention in patients with arterial
catheters in place (8).

To the best of our knowledge, there is no study available
comparing CI, SVV and surgical procedures or perioperative
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Figure 4. Correlation between the number of aberrant values of stroke
volume variation (SVV) and preoperative heart complications.

factors affecting hemodynamics using the FloTrac system in
esophageal cancer patients.

Using the FloTrac/Vigileo haemodynamic monitor, the
comparison between CI and SVV measurements with surgical
procedure data in patients undergoing esophagectomy showed
that there was no significant correlation between the number
of aberrant values of CI, SVV and the operative approach
(thoracoscopic versus traditional open surgery).

VATS esophagectomy has several advantages over open
esophagectomy, such as better cosmesis, reduced tissue
trauma, reduced pain, reduced postoperative inflammatory
response and lower morbidity rates (9-11), although massive
active bleeding and bronchial injury have also been reported
as major intraoperative complications of VATS esophagectomy
(12). At first, we anticipated that thoracoscopic surgery was
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less invasive compared to traditional open surgery with
regards to the patient's haemodynamic stability. However,
there was no significant correlation between the number of
aberrant values of CI, SVV and the type of operative
approach. We have usually performed muscle-sparing
thoracotomy for esophagectomy in esophageal cancer patients
as a less invasive procedure. The current result shows that our
traditional, less invasive open esophagectomy (muscle-sparing
thoracotomy) is a less invasive operative approach compared
to thoracoscopic surgery in the aspect of hemodynamic
stability for esophageal cancer. Moreover, with regards to the
post-esophagectomy reconstruction route, we showed there is
a significant correlation between the number of aberrant
values of CI, SVV and retrosternal route compared to other
routes. Reconstructive options following esophagectomy can
be categorized according to: i) the choice of conduit, such as
stomach, colon or jejunum, ii) specifics of conduit
construction, such as whole stomach or gastric tube left or
right colon, or need for microvascular augmentation, iii)
location of anastomosis, such as cervical or thoracic, iv) route
of reconstruction, such as postmediastinal, retrosternal or
antethoracic, and v) necessity of gastric drainage procedure,
such as pyloplasty, pylomyotomy or no drainage (13-15).

The retrosternal and posterior mediastinal routes are the
most commonly used gastric tube routes for reconstruction
following esophagectomy when cervical esophagogastric
anastomosis is performed (16-18). Bartels et al., have
reported that reconstruction in the posterior mediastinum is
associated with significantly fewer days spent in the
intensive therapy unit, fewer cardiopulmonary complications
and lower mortality (16). They have concluded that the
posterior mediastinal route is strongly recommended for
patients with cardiopulmonary risk factors. Urschel et al.,
have reported comparable results in a meta-analysis of
randomized controlled trials (19). However, a recent report
by Zheng et al., has shown that the reconstruction route is
not associated with any significant variability in the extent
of cardiac or pulmonary complications (20). Our data here
show that the retrosternal route potentially influences the
haemodynamic stability measured by the FloTrac/Vigileo
system. However, there were no apparent clinical symptoms
at the time of the aberrant values. Moreover, proponents of
the retrosternal route of conduit transposition place the
gastric conduit outside the tumour bed to avoid interference
of the mediastinal tumour recurrence with alimentary tract
function (21). In addition, postoperative irradiation can be
performed on the tumour bed to lessen the chances of tumour
recurrence without damaging the conduit. We think that
reconstruction through the retrosternal route following
esophagectomy is a very important option for locally
advanced esophageal cancer. However, it is not preferable to
reconstruct using the retrosternal route in esophageal cancer
patients with cardiac complications.

Regarding the perioperative data, there was no significant
correlation between the number of aberrant values of CI,
SVV and perioperative factors. Transfusion management is
important for sustaining haemodynamic stability in patients
following esophagectomy. These data witness the excellent
management of anaesthetists and nurses in ICU.

Wakabayashi et al., have shown that SVV is an accurate
predictor of intravascular hypovolemia and a useful indicator
for assessing the appropriateness and timing of applying
fluid for improving circulatory stability during a giant
hemangioma resection (22). Our data show that esophageal
cancer patients with heart complications markedly tended to
present with aberrant SSV values during the postoperative
period. This result does not necessarily suggest a potential
hypovolemia following esophagectomy in patients with heart
complications. Instead, this indicates that adequate
transfusion management during anaesthesia is required to
avoid postoperative heart complication.

To the best of our knowledge, this is the first report using
the FloTrac system to demonstrate whether surgical procedures
affect the hemodynamics in esophageal cancer patients
following esophagectomy. It is important to obtain a thorough
comprehension of the haemodynamic stability following
esophagectomy, as this is an invasive operation and individual
responses to surgical stress from this type of surgery vary and
are difficult to predict, bearing a high risk of perioperative
cardiorespiratory instability. Therefore, haemodynamic stability
management using the FloTrac/Vigileo system following
esophagectomy is useful for the safe performance of the
postoperative management of esophageal cancer patients. The
limitation of this study is the small number of cases, and it is,
therefore, necessary to accumulate data on additional cases and
from other health institutions.
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