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Background: Perioperative fluid therapy is used to avoid dehydration
and hypovolemia. Optimum perioperative fluid administration may
improve postoperative outcomes after major surgery, and the optimal
strategy remains controversial and uncertain.

Aims: The primary outcome was the total amount of intraoperative
fluids given between perioperative goal-directed fluid therapy (GDFT)
guided by a hemodynamic monitoring system and standard fluid
therapy based on “mean arterial pressure-diuresis” data in patients
undergoing head and neck surgery. The secondary outcomes were the
hemodynamics and laboratory variables, postoperative complications,
length of mechanical ventilation, intensive care unit and hospital stay.
Study Design: A randomized controlled study

Methods: Sixty patients were scheduled and randomized into two
groups of 30 patients each: in the study group, an arterial pressure
catheter was inserted and connected to the FloTrac system, whereas
in the control group, an arterial pressure catheter was inserted and

integrated into the hemodynamic monitoring system with a special
transducer. The control group had fluids administered at the discretion
of the anesthesiologist according to the mean arterial pressure >65
mmHg and diuresis >0.5 ml/kg/h. In the study group, fluid management
was administered to achieve a target value of <13% through the stroke
volume variation.

Results: The total amounts of fluid in the intraoperative period
were different between the groups, with the study group receiving
significantly more fluids (P = 0.0455). The length of hospital stay was
significantly longer in the study group than in the control group (P =
0.012), but prolonged oxygen demand was significantly more frequent
in the control group than in the study group (P =0.017). No difference
was found in hemodynamics, lactate kinetics, and vasoactive agent
requirements.

Conclusion: The standard fluid therapy guided by conventional
circulatory parameters appears sufficient for patients with low-to-
moderate risk during head and neck surgery.

INTRODUCTION

Perioperative fluid therapy is used to correct dehydration and
treat hypovolemia and provide maintenance fluid and electrolyte
requirements postoperatively. The question is probably one of the
most controversial issues in anesthesia practice. Evidence suggests
that optimum perioperative fluid administration may improve
postoperative outcomes after major surgery.'? Several studies have
been conducted concerning the issue, but the optimal strategy
remains controversial and uncertain.**

e-mail: drdemetaltun@hotmail.com

Available at www.balkanmedicaljournal.org

Individualized goal-directed fluid therapy (GDFT) protocols guided
by dynamic parameters such as stroke volume variation (SVV)
or pulse pressure variation (PPV) were conducted to determine
the optimal dose of fluids®’ in recent years. An improvement in
postoperative outcomes in patients undergoing high-risk surgery
has been obtained with this approach.®'?

The pulse-contour cardiac-output measuring system (FloTrac,
Vigileo, Edwards Life Sciences Corp., CA, USA) preferred in
this study is a minimally invasive monitoring technology working
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on the principle of arterial waveform analysis to calculate SV
without requiring a transpulmonary thermodilution-based external
calibration. The device can guide fluid therapy and the selection of
inotropes and vasopressors through a clinical algorithm to optimize
cardiac-output and oxygen delivery to the tissues.'

This prospective randomized study aimed to compare perioperative
GDFT guided by this hemodynamic monitoring system with
standard fluid therapy based on “mean arterial pressure-diuresis”
data in patients undergoing head and neck surgery. The primary
outcome was the difference in intraoperative fluid balance, and
secondary outcomes were the hemodynamics and laboratory
variables, postoperative complications, duration of mechanical
ventilation, and length of stay (LOS) in the intensive care unit
(ICU) and hospital stay.

MATERIAL AND METHODS

After receiving approval from the local institutional ethics
committee (2017/1122) and written informed consent, 60 patients
aged 18-80 years, with American Society of Anesthesiology
(ASA) I-III states, undergoing head and neck surgery consisting of
oncological laryngeal and hypopharyngeal surgeries were enrolled
in this study. This clinical trial was registered at ClinicalTrials.
gov (Registration no. NCT(04728178). Patients with congestive
heart failure (ejection fraction <35%), cardiac arrhythmias, kidney
disease (glomerular filtration rate <30 ml/kg/min), peripheral
vascular disease, body mass index (BMI) >40 kg/m?* were excluded
from the study.

Following premedication with midazolam 0.05 mg/kg administered
intravenously 15 min before the induction of anesthesia, standard
monitoring of electrocardiography (ECG), noninvasive blood
pressure, peripheral oxygen saturation (SpO,) was applied upon
arrival to the operating room. Additionally, the Bispectral Index
Monitoring (BIS) (Covidien, Medtronic Medical, MI, USA)
system was applied to adjust the anesthetic depth among patients.
Crystalloid infusion at 7 ml/kg/h was started in both groups.
Standard anesthetic techniques including propofol 2-3 mg/kg and
fentanyl 1.5 pg/kg were given to all patients. A BIS level of 40-
60 was targeted and maintained during anesthetic induction and
in the entire study period. When this level was obtained, 0.6
mg/kg rocuronium was administered to facilitate endotracheal
intubation. All patients were ventilated in a volume-controlled
mode with a tidal volume of 8 ml/kg based on their ideal body
weight. The respiration rate was adjusted to keep the end-tidal
carbon dioxide (ETCO,) level at 35-40 mmHg. Positive-end
expiratory pressure (PEEP) was set at 5 cm H,O. If the driving
airway pressure was <20 cm H,O with these settings, those patients
were excluded from the study.

The patients were randomly allocated into two groups (study
group, group S; control group, group C) using computer-generated
numbers on the operation day after anesthetic induction. After
randomization, patients underwent radial arterial cannulation. In
group S, the arterial cannulas were attached to the hemodynamic
monitoring  system (EV1000 Clinical Platform-Edwards
Lifesciences Corp.) with a special transducer (FloTrac Sensor,
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Edwards Lifesciences Corp). After entering the demographic
data of the patient, the system starts the monitoring process and
displays the SV index (SVI), cardiac index (CI), and SVV during
the respiratory cycle. The intraoperative fluid management was
planned to achieve a target value of <13% through SVV monitoring
in group S. In group C, fluid management was settled according to
standard goals as maintaining mean arterial pressure (MAP) of 65
mmHg and diuresis of 0.5 ml/kg/h and above.

Intraoperative Fluid Therapy

In addition to the maintenance fluid at 7 ml/kg/h, in group S, when
the SVV value exceeded 13%, 250 ml of crystalloids was given in
the first stage, and if the situation continued, 250 mL of colloid bolus
(hydroxyethyl starch 6%, HES) was added. Colloid boluses were
given until the increase in SVV was within 13% up to a maximum
of 20 ml/kg. If the need persisted, fluid boluses were performed
using crystalloid solutions. Norepinephrine infusion was started
when the MAP was <65 mmHg even if the SVV remained below
13%. Group C was given 250 ml of crystalloids in the first stage if
the MAP was <65 mmHg, and if the hypotensive episode continued,
250 ml of colloid bolus up to 20 ml/kg was given. If hypotension
persisted despite these fluid boluses, a norepinephrine infusion
was initiated. In addition, when diuresis was at 0.5 ml/kg/h or
less, 250 ml of colloid bolus was administered. The intraoperative
transfusion threshold was determined as a hemoglobin level of 7 g/
dl in all patients.

Hemodynamic measurements (MAP, HR, and SVI in group S)
were completed and recorded at the following time intervals (T,,
after general anesthesia induction; T,, at the end of the operation;
T,, postoperative 1* hour; and T,, postoperative 12" hour). The
need for additional fluid or vasoactive agents was recorded.
Arterial blood gas parameters were recorded from all patients at
the same measurement times. Finally, creatinine and lactate levels
and urinary output were surveyed throughout the study.

The primary aim of this study was to compare the amount of
intraoperative total fluid balance (crystalloid, colloid, and blood
products) between the groups. The secondary outcomes were
the hemodynamics and laboratory variables and the number
of interventions to achieve the specified target. The following
parameters were also recorded: postoperative respiratory (hypoxia
[PaO, <60 mmHg] and hypercarbia [PaCO, >45 mmHg]),
prolonged mechanical ventilation requirement lasting >6 h,
prolonged need for oxygen support (oxygen supplementation by
mask >24 h and pneumonia), and cardiac complications (refractory
hypotension, bradycardia [<40 bpm], tachycardia [>100 bpm]
myocardial ischemia and infarction, and hypertensive attack). The
length of mechanical ventilation and ICU and hospital stay were
also compared.

Statistical Analysis

To determine the number of samples, a power analysis was
performed using the G*Power (v3.1.9.2) program. The power of
the study is expressed as 1-p (B = probability of type II error); in
general, studies should have 80% impact power. In the two-group
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comparisons according to the total amount of fluid, the result of the
calculation made with the assumption that a minimum difference
of 600 ml (SD, 800 ml) of fluid will be clinically significant, the
effect size was calculated as d = 0.750. To obtain 80% power at an
a =0.05 level, there should be at least 29 people in each group and
58 people in total. Considering that there might be losses during
the working process, 30 people were recruited for each group.

Data normality was verified with the Shapiro-Wilk test and was
presented as mean + standard deviation for parametric variables.
Non-parametric values are presented as median (range), frequency,
percentage, minimum, and maximum. In compliance with the
distribution of data, Student’s t-test for normally distributed data
or Mann-Whitney’s U-test and Wilcoxon signed-rank test were
used for intergroup comparisons of quantitative variables that did
not show normal distribution. The Pearson chi-square test, Fisher-
Freeman-Halton test, and Fisher exact test were used to compare
qualitative data between groups. Significance was accepted as p <
0.05.

RESULTS

Sixty-eight patients requiring general anesthesia for head
and neck surgery were screened for eligibility. Three patients
refused to participate, and 65 consenting patients were finally
enrolled. Two patients who developed cardiac arrhythmia during
the study period and three patients who had an intraoperative

353

Intraoperative fluid administration data revealed that although
the total fluid amount (ml) was different between the groups
and significantly more fluids were administered to group S (P =
0.0455), no significant difference was found in the total amounts
of fluid and additional amounts of fluids administered between
the groups when the results were compared in ml/kg/h. However,
this difference was attributed to the duration of surgery, which was
significantly different between the groups. In group S, the mean
duration of surgery was 415.2 + 106.8 min, whereas in group
C, the surgery lasted 358.8 £+ 82.8 min (P = 0.028). Therefore,
maintenance fluid administration was accepted as comparable
between the groups.

The amounts of additional crystalloid and colloid administered
in the case of “hypotension/oliguria” in group C or SVV increase
in group S were not different between the groups. Group C
received 531 + 221 ml of additional crystalloids and 375 + 130
ml of colloid boluses to treat hypotension, whereas group S
received 477 + 352 ml and 366 = 129 ml of crystalloid and colloid

I Invited and assessed for eligibility (n=68) |
I Refused to participate (n=3)
| Excluded (n=5) |

- Occurrence of arrhythmia (n=2)
™1 - Inoperable due to pathology result (n=3)

surgical plan modification caused by histopathological study ‘E IRandomlzed (n=60) I

were excluded from the study. The targeted BIS level was (7]

obtained and maintained in all patients, and no patients were e =

excluded because of inappropriate anesthetic depth. Data % IControI Group (Group-C) (n=30) I IStudv Group. yeoups) o0y |

from the remaining 60 patients were included in the statistical ’E

analysis, and each group included 30 patients, as shown in the w

flow diagram (Figure 1). porrearr— Analyzed (n=30)

Excluded from analysis (n=0)

Demographic data of the patients and some biochemical information Excluded from analysis (n=0)

are presented in Table 1 and were comparable between the two

groups with respect to age, sex, BMI, ASA status, and coexisting

systemic diseases. The average duration of surgery was 385.8 + FIG. 1. Flow diagram of the study

97.8 min for all patients.
TABLE 1. Demographic, Biochemical Data, and Duration of Surgery

Group C Group S P value
(n=30) (n=130)

Age (year) 58.07 (11.24) 58.80 (13.2) 0.818
Sex (M/F) 10/20 3/27 0.028*
BMI (kg/m?) 26.9 (4.51) 25.9 (4.83) 0.431
ASA status (I/II/11I) 2/18/10 3/20/7 0.712
Comorbidities (Y/N) 20/10 15/15 0.190
Hypertension 8 0.063
Coronary disease 3 0.472
Diabetes 3 1.000
Creatinine (mg/dl) 0.87+0.23 0.93 +£0.61 0.341
Lactate (mmol/dl) 1.54 £0.85 1.69 £0.61 0.486
Duration of surgery (min) 358.0+£83.0 415.0 £ 106** 0.042*

*P <0.05
M, male; F, female, min: minimum
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boluses, respectively, to reduce the SVV values within the target
limits. In group C, 14 patients received additional crystalloids
at 23 different times, whereas in group S, 12 patients received
them at 28 occasions. Regarding the incidence of additional
colloid administration, 13 patients in group C and 12 patients in
group S received additional colloids at 18 times for both groups.
Intraoperatively, data concerning the fluid regimen are presented in
Table 2. Two participants in group C received a single unit of red
blood per patient during the operation, whereas none of the patients
in group S needed any blood product.

Vasoactive agent requirement was comparable between the
groups: eight patients in group C and two patients in group S
needed norepinephrine infusion to achieve and maintain the
targeted MAP after adequate volume therapy (P = 0.08 Fisher
exact test). Hemodynamic data (HR, MAP, and SVI [group S])
and blood gas analysis results are presented in Table 3. None of
the aforementioned data showed a significant difference between
the groups at any measurement time. Creatinine and lactate levels
obtained pre- and postoperatively were comparable between the
groups. Parallel to this finding, the maximum lactate level reached
during perioperative period was comparable. Data concerning
lactate and creatinine are presented in Figure 2a and 2b.

In the analysis of postoperative undesired events, the overall rate
for incidents was 60% for group C and 80% for group S, without
significant difference. The complications are shown in Table 4.
Postoperative respiratory complications occurred in 70% (n =
42) of the cases, and prolonged oxygen demand is observed at
the highest rate [61.7% (n = 37)], which was significantly more
frequent in group C than in group S (P = 0.017). The duration of
mechanical ventilation and ICU LOS were comparable between
the groups. The hospital LOS of group S was significantly longer
than that of group C (P < 0.012) No mortality was observed during
the study period.

DISCUSSION

In the present study conducted on patients undergoing head
and neck surgery, we did not observe any significant difference
between SVV-guided GDFT (study) and the standard fluid therapy

TABLE 2. Data of Intraoperative Fluid Status
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(control) in terms of the additional amounts of fluid administered
intraoperatively. Additionally, no difference was found in the
hemodynamic profile, lactate kinetics, and vasoactive agent
requirement during the study period. The postoperative course
was fairly comparable between groups S and C, except for the
prolonged oxygen support needed in group C. On the contrary, a
longer hospital LOS was observed in group S.

Lactate (mmol/L)

Preop Postop Max
m Control = Study

Creatinin (mg/dL)
12

08

0.6

mean + SD

04

0.2

Preop

Postop
W Control ™ Study

FIG. 2. a) Lactate levels between the groups, b) creatinine levels
between the groups

Group-C (n=30) Group-S (n=30) P value
Total fluid (ml) 3370 + 902 3955+ 1282 0.045*
Total fluid (ml/kg/h) 9.16 £2.50 8.55+1.55 0.549
Additional crystalloid (ml) 531.25+£221.27 477.27 +352.79 0.167
Additional crystalloid (ml/kg/h) 0.88+1.15 0.61 £ 0.69 0.495
Additional colloid (ml) 375 +130.56 366.67 = 129.1 0.866
Additional colloid (ml/kg/h) 0.43 £0.47 0.33+£0.45 0.423
Urinary output (ml) 664.0 + 427 534.0 £ 344 0.240
Fluid balance at the end of surgery (ml) 3291.0 £ 1062 2835.0 £ 899 0.273
Fluid balance at the end of surgery (ml/kg/h) 6.59 + 1.46 6.31+0.83 0.378
Used norepinephrine 8 (27 %) 2 (6.7 %) 0.080

*P = 0.045
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Several meta-analyses and recommendations have been published
to guide clinicians for an optimal strategy of perioperative fluid
therapy and to determine its effectiveness on postoperative
outcomes.'>!” Nevertheless, a few studies have analyzed the
perioperative effects of GDFT on patients undergoing head and
neck surgery. Possible reasons for the lack of data in this field could
be attributed to the different characteristics of other oncological
surgeries that produce serious fluid and blood loss when compared
with head and neck surgery that results in minimal fluid shift
and bleeding. Anatomical restrictions caused by the operation
zone could be another factor limiting central venous access and
related monitoring techniques. The effects of these difficulties on
monitoring praxis have been documented by a survey conducted
by the British Association Oral and Maxillofacial Surgeons and
revealed that only 9% (3 of over 40) of the anesthesia departments
monitor SV intraoperatively during head and neck surgery.'®
However, SV, especially SVV, is an accurate predictor of fluid
responsiveness and may help clinicians in initiating fluid therapy
in the early period of volume requirement and can improve the
outcomes.'”?® Additionally, data can be obtained from an arterial
catheter and sensor without requiring any additional intervention,
which makes it suitable for head and neck surgery.

TABLE 3. Hemodynamic Variables During Study Period
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In a retrospective study, Lahtinen et al.*® demonstrated that the
SVV-guided fluid management reduced fluid administration in
head and neck surgery with shorter hospital LOS but without a
difference in the postoperative complication rate. Kim et al.”!
stated contradictory results in a prospective randomized study,
and they concluded that hospital LOS was comparable between
the conventional hemodynamic therapy and GDFT groups, but
low amounts of crystalloids were used during surgery in the GDFT
group. Finally, Hand et al.?> found more frequent use of vasoactive
agents and shorter ICU LOS in the GDFT group after free tissue
transfer surgery for head and neck cancer, but no significant
difference was observed in terms of the amount of administered
fluids between the groups. Our primary outcome was the amount of
fluid given intraoperatively, which was found comparable between
the SVV-guided GDFT group and the standard therapy group. The
secondary endpoints, as vasoactive agent administration, ICU LOS,
and number of complications, were approximately comparable,
and hospital LOS was longer in the GDFT group, but this was
caused by one patient, who had an esophageal fistula requiring
long-term hospital care. The amount of crystalloid and colloid
fluids administered intraoperatively in group S was slightly higher
than that in group C, but it was not significantly similar to those
of Hand et al.”> However, we did not observe a major significant

T1 T2 T3 T4
Post-induction End of surgery Post-op 1* hour Post-op 12" hour

MAP C 77.6 £8.7 745+73 92.3+12.8 85.8+12.1
(mmHg)

S 77 +10.3 75.1+7.8 943+ 14.6 87.8+11.4
HR C 72+ 11 69.9 £ 12 763+ 14 75.6£ 11
(beat/min)

S 723+ 10 69.4+13.4 81+13 799 +13.5
SVI S 47.7+3.44 41.8 £6.5% 45.1+£7.7 442 +5.1
(ml/m?)
MAP: mean arterial pressure; HR: Heart rate; SVI: stroke volume index
C: control; S: study
*P<0.001 compared to T1
TABLE 4. Postoperative Course of the Patients

Group S Group C P value
(n=30) (n=30)

Prolonged oxygen demand 14 (46.7%) 23 (76.7%) * 0.017*
Hypercarbia 5(16.7%) 4 (13.3%) 1.000
Infectious complications 2 (6.7%) 0 0.492
Hypertensive episode 9 (30%) 14 (46.7%) 0.184
Hypotensive episode 5(16.7%) 4(13.3) 1.000
Rhythm disturbance 9 (10%) 3 (6.7%) 1.000
Mechanical ventilation (hours) 4(036) 3 (0-15) 0.860
ICU stay (hours) 18 (14-40) 19 (15-20) 0.936
Length of hospital stay (day) 14.5 (5-60) 10 (3-26) ** 0.012%*
*P<0.017
**P<0.012
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difference in the frequency of postoperative complications between
our groups, as stated by Lahtinen et al.?

The ambiguous character of those results from different studies is
not exceptional and can be considered for all data concerning GDT
perioperatively.” A recent meta-analysis revealed that perioperative
GDFT reduced morbidity and mortality, but with a low evidence
quality due to heterogeneity of protocols and standards of included
studies.” According to pooled data, GDFT reduced mortality,
pneumonia, acute kidney injury, wound infection, and hospital
LOS considering all types of surgery. However, the diversity of
the devices, protocols, and patients resulted in remarkable clinical
heterogeneity.?* Parallel to this argument, regarding four studies
conducted on patients undergoing ENT surgery participating in
this meta-analysis, conflicting results were stated concerning fluid
balance, vasoactive agent use, and patient outcomes. GDFT was
found advantageous over standard therapy in terms of reducing
reoperation events,” decreasing fluid gain without a change in
patient outcomes,’® discharge from hospital in fewer days,”” and
decreasing ICU LOS by judicious use of vasoactive agents.?

A key point for any fluid therapy protocol is the choice of fluid
type when planning an appropriate regimen. However, no reported
data have clearly demonstrated improved outcomes related to
the choice of crystalloids and colloids. In addition, no evidence
confirms the benefit when colloids are used instead of crystalloids
as a replacement fluid.*® Specifically, in studies investigating the
cost and side effects of colloids in critical patient populations, it
would be a rational approach to use them as a second choice.”” In
our study, considering all these factors, we preferred crystalloids as
the first option to meet additional fluid requirements and to apply
colloids as a second choice if fluid needs persist.

Our study has some limitations. First, the study included a small
population consisting of 60 patients with moderate risk; thus, it
may make sense to work with larger numbers of patients, both to
standardize the group and minimize the differences between them.
Second, patient demographics, amount of fluids administered,
bolus timing, operation time, hemodynamic data, and blood gas
analysis were obtained from anesthesia follow-up forms, ICU
records, and patient files. Thus, hemodynamic data were not
recorded in real time; therefore, we could only present these
data for the recorded intervals (MAP, HR, and ETCO,). At this
stage, a digital data collection system could control data quality.
Third, a non-calibrated pulse-contour cardiac-output monitor is
used in the study. Although the most preferred technique is pulse-
contour method calibrated by transpulmonary thermodilution to
guide fluid therapy, anatomically possible central venous access
areas are within the operating zone, which makes it impossible to
use a calibrated method, as well as the esophageal Doppler, due
to surgical conditions, and non-calibrated pulse-contour cardiac-
output monitors appear to be the sole solution. Finally, we could
not apply SV- and SVV-based monitoring in group S to follow the
profile without using it for fluid management because of financial
issues. Thus, reporting the CO/CI/SV and SVV values for the
whole surgical period for both groups would be a stronger study
design.
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In conclusion, we did not find any significant difference in
additional fluid volumes between SVV-based GDFT and blood
pressure-diuresis-based standard fluid therapy in patients
undergoing head and neck surgery. In addition, intraoperative fluid
administration and balance were comparable between the groups.
With these data, standard fluid therapy guided by conventional
circulatory parameters would be sufficient for patients with low-
to-moderate risk undergoing head and neck surgery.
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