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Abstract Objective Cuff leak test is an effective and established maneuver to predict airway
edema. Standard fluid therapy (SFT) based on conventional monitoring is often associated
with postoperative airway edema after complex spine surgeries. We conducted this
prospective randomized controlled study to compare the effect of SFTversus goal-directed
fluid therapy (GDFT) on the cuff leak gradient (CLG) in patients undergoing complex spine
surgery in prone position. Our secondary objectives were to compare the effect of SFT and
GDFTon sore throat, hoarseness, and length of intensive care unit (ICU) and hospital stay.
Materials and Methods Thirty consecutive American Society of Anesthesiologists
physical status I and II patients (18–60 years), of either sex, scheduled for spine surgery
in prone position with expected duration of surgery more than 5 hours were included.
The patients were randomized into two groups of 15 each. Group S patients (n¼ 15)
served as control group and received SFT intraoperatively, while patients in group G
(n¼15) received GDFT. Standard anesthetic protocol was followed in both the groups.
The CLG was defined as the difference between the cuff leak volume (CLV) after
intubation (CLVAI) and before extubation (CLVBE).
Statistical Analysis and Results CLG was significantly less in group G (group S,
137.12mL; group G, 65.52mL; p-value <0.001). Intravenous fluids, blood loss, and
postoperative sore throat were comparatively lesser in group G, though not statistically
significant. Postoperative hoarseness was significantly lower in group G (p-value¼ 0.003).
Duration of ICU stay in groupG (19.43hours)was significantly lower (p-value¼ 0.009) than
group S (24.64hours), but length of hospital stay was comparable.
Conclusion GDFT significantly reduces airway edema and consequently reduces CLG as
compared with SFT in patients undergoing complex spine surgery in prone position.
Postoperatively, it also reduces sore throat, hoarseness of voice, and duration of ICU stay.
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Introduction

Airway edema frequently accompanies prolonged surgery in
the prone position, especially when vigorous fluid resuscita-
tion has been performed.1 This airway edema may present
with postextubation stridor, sore throat, and hoarseness of
voice, and carries a high risk of reintubation following
tracheal extubation.2 Airway edema may be effectively pre-
dicted by cuff leak test (CLT) based on cuff leak volume (CLV),
which is calculated as the difference between the mean
inspiratory tidal volume and the mean expiratory tidal
volume when the cuff of the endotracheal tube (ETT) is
completely deflated.3,4

In routine practice, intraoperative volume replacement is
usually guided by static circulatory parameters such as blood
pressure, heart rate, or central venous pressure (CVP). How-
ever, fluid replacement based on static parameters often
leads to volume overload and has been associated with
adverse postoperative outcomes.5 Goal-directed fluid thera-
py (GDFT) using cardiac output monitor is becoming popular
for fluid management during complex spine surgical proce-
dures. GDFT has been shown to facilitate early postoperative
bowel motility, reduced postoperative nausea and vomiting,
and early discharge from the hospital.6 Therefore, this study
was undertaken primarily to compare the effect of standard
fluid therapy (SFT) versus GDFT on the cuff leak gradient
(CLG) in patients undergoing complex spine surgery in prone
position. The secondary objectives were to compare the
effect of SFT and GDFTon sore throat, hoarseness, and length
of intensive care unit (ICU) and hospital stay. In this study,we
hypothesized that airway edema as measured by CLG would
be lesser with GDFT as compared with SFT in patients
undergoing complex spine surgery.

Materials and Methods

This prospective randomized controlled study was per-
formed following the approval from the Institute Ethics
Committee (Ref. No. IEC/323/5/2016) and written informed
consent from the patients. Patients having cardiac, pulmo-
nary, coagulation or renal disorders, morbid obesity, chronic
smokers, patients who needed more than one attempts at
intubation, patients anticipated for postoperative mechani-
cal ventilation, and those unwilling to participate in the
study were excluded. Thirty consecutive American Society
of Anesthesiologists (ASA) physical status I and II patients,
aged between 18 and 60 years, of either sex, scheduled for
complex spine surgery (involving more than three levels of
thoracic, lumbar, or thoracolumbar spine) in prone position
with expected duration of surgery more than 5hours, were
included. The patients were randomized into two groups of
15 each using computer-generated randomization chart and
identical opaque envelopes for concealment. Group S
patients (n¼15) served as control group and received SFT
intraoperatively, while patients in group G (n¼15) received
GDFT. In the operating room, standard noninvasive monitors
(five-lead electrocardiography, pulse oximetry, and automat-
ed noninvasive blood pressure) along with bispectral index

(BIS) were applied to all patients. In both the groups, induc-
tion of general anesthesia (GA) was done with 2 µg/kg of
fentanyl and 2 to 3mg/kg of propofol. Muscle relaxation and
intubation of trachea were facilitated by administration of
1mg/kg of rocuronium. Adequately sized polyvinylchloride
ETT, 7/7.5mm ID (internal diameter) for females and
8/8.5mm ID for males, were used and tracheal tube cuff
pressure was adjusted to keep at 20 to 25 cm H2O. Mainte-
nance of GA was done with oxygen (40%) and air mixture,
sevoflurane (titrated to maintain BIS value between 40 and
60), fentanyl (1 µg/kg/h), and rocuronium (10μg/kg/min).
The lungs were ventilated intraoperatively with tidal volume
of 8 to 10mL/kg and fresh gas flow rate at 2 L/min. Adjust-
ment of respiratory rate was done to maintain an end-tidal
carbon dioxide of 35 to 40mm Hg. Five minutes after
endotracheal intubation, the inspiratory tidal volume (ITVAI)
was noted (average of three readings) from the spirometer of
anesthesiamachine. Expiratory tidal volume after intubation
(ETVAI), average of three readings, was then noted after
completely deflating the cuff of ETT. After noting the read-
ings, tracheal cuff was reinflated (cuff pressure; 20–25 cm
H2O) and mechanical ventilation continued. Apart from
noninvasive monitoring, invasive radial arterial pressure,
CVP in jugular vein, nasopharyngeal temperature, and urine
output were also monitored. Normothermia (36–37°C) was
maintained throughout the intraoperative period using
forced air warming blanket.

In group S, fluid was administered according to the
standard fluid calculation for fasting deficit, evaporation
loss, maintenance fluid requirement, replacement of urine
output, and blood loss. Further fluid administration was
based on the hemodynamic parameters to keep the heart
rate (HR) andmean arterial pressure (MAP)within 20% of the
baseline and CVP between 8 and 12mmHg. Group G patients
were continuously monitored for cardiac index (CI), stroke
volume index, and stroke volume variation (SVV) during
intraoperative period using invasive cardiac output monitor
(FloTrac/Vigileo, Edwards Lifesciences, Irvine, California,
United States). Fluids, vasopressors, or inotropes were ad-
ministered to keep the goals of SVV<12%, CI >2.5 L/min/m2,
and MAP >65mm Hg. If SVV >12%, crystalloid bolus of
250mL was given over 5minutes and SVV reassessed after
5minutes. If MAP was <65mm Hg and SVV <12%, then
vasopressor (phenylephrine 1 µg/kg bolus) was given intra-
venously. If CI<2.5 L/min/m2withMAP<65mmHg and SVV
<12%, then dobutamine infusion was started. Hemoglobin
value less than 8mg/dLwas considered as transfusion trigger
for both the groups and total intraoperative input and output
including blood loss were recorded.

Infusion of fentanyl and rocuronium was stopped �30
minutes prior to the start of skin closure. Thereafter, main-
tenance of anesthesia was done with sevoflurane and fenta-
nyl bolus (0.5 µg/kg) as required. After the completion of
surgery, the patient was turned supine and sevoflurane was
switched off. The averaged inspired tidal volume before
extubation (ITVBE) and averaged expired tidal volume before
extubation (ETVBE) after tracheal cuff deflation was noted as
done in the beginning. Reversal of neuromuscular blockade
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was done with neostigmine (50–70 µg/kg) and glycopyrro-
late (10 µg/kg). Extubation of tracheawas done in completely
awake state.

The tidal volume difference between the ITVAI and ETVAI

was taken as the CLV after intubation (CLVAI). Similarly, tidal
volume difference between the ITVBE and ETVBEwas noted as
the CLV before extubation (CLVBE). The CLG was defined as
the difference between the CLVAI and CLVBE.

Postoperatively, all patients were shifted to neurointen-
sive care unit for further management. Any respiratory
difficulty and need for reintubation due to airway edema/
stridor in the next 48 hours was noted. All patients were
examined for postoperative sore throat and hoarseness of
voice 24 hours after the surgery. Appropriate scales were
used for assessment of postoperative sore throat and hoarse-
ness (►Table 1).7 All patients were followed up in the
postoperative period till discharge and the duration of stay
in ICU and hospital was noted.

Datawere analyzed using Statistical Package for the Social
Sciences (SPSS), version 25. Normality testing was done
using Shapiro-Wilk’s test. Descriptive statistics were deter-
mined. Normally distributed or parametric data are pre-
sented in the form of mean (standard deviation), whereas
data which were not normally distributed or nonparametric
data are presented in the formofmedian (quartile deviation).
Unpaired t-test and Mann–Whitney’s test were used for
analysis of parametric and nonparametric data, respectively.
Categorical variables were analyzed using the chi-square
test/Fisher’s exact test. Statistical significance was taken as
p<0.05.

Results

Enrollment of 30 patients was done in the study, however,
surgery of one patient in group G was postponed due to
precipitation of arrhythmia before induction of anesthesia.
Therefore, a total of 15 patients in group S and 14 patients in
group G were included for analysis (►Fig. 1). Demographic
profile of patients in both the groups were comparable
(►Table 2). In both the groups, the CLV between the two
phases, that is, CLVAI and CLVBE were comparable. However,
CLG was significantly less in group G (group S, 137.12mL;

group G, 65.52mL; p-value <0.001). Intake of intravenous
fluids, blood loss, and postoperative sore throat were com-
paratively lesser in group G, though not statistically signifi-
cant. IntraoperativemeanHR,MAP, BIS, and CVPwerewithin
normal limits and comparable between the two groups
(►Fig. 2). Both the groups had comparable surgical and
anesthesia duration. Incidence of postoperative hoarseness
of voice was significantly lower in group G (p-value¼ 0.003).
Length of ICU stay in group G (19.43 hours) was significantly
lower (p-value ¼ 0.009) than group S (24.64 hours), but
length of hospital stay was comparable (►Table 3). Reintu-
bation was not required in any patient in our study.

Discussion

Prone position with attendant acute venous congestion of
head and neck precipitated by excessive fluids administra-
tion can result in facial and upper airway edema which in
turn can lead to delayed extubation, postoperative stridor,
sore throat, hoarseness of voice, and reintubation.1,2 CLT is an
objective assessment of airway edema and has been used
extensively for prediction of postextubation stridor in pro-
longedmechanically ventilated patients in the ICU setting.3,4

However, this is the first study that has compared the effect
of SFT and GDFT on CLG in patients undergoing complex
spine surgery in prone position. In our study, CLG was
significantly lesser in group G as compared with group S.
Since the duration of surgery and anesthesia in the prone
position was comparable between the two groups and there
was no direct trauma to airway to any of the patient during
laryngoscopy and intubation, the difference in airway edema
and consequent CLG between the two groups is most likely
attributed to intraoperative fluid administration. In our
study, GDFT resulted in lesser fluid administration as com-
paredwith SFT. Our study correlateswellwithmultiple other
studieswhich have shown that GDFTresults in lesser volume
of fluid administered and lower net fluid balance, thus,
causing less tissue edema.8,9 However, our study differs in
two main aspects. First, we utilized CLT for evaluating tissue
edema unlike other studies which have utilized extravascu-
lar lung water for diagnosing tissue edema.8,10 Second, our
study includedpatientswho underwent spine surgerywhere

Table 1 Scoring system used for assessment of sore throat and hoarseness7

Sore throat

0—No sore throat at any time since the operation

1—The patient answered in the affirmative when asked about sore throat (minimal sore throat)

2—The patient complained of sore throat on his/her own (moderate sore throat)

3—The patient is in obvious distress (severe sore throat)

Hoarseness

0—No complaint of hoarseness at any time since the operation

1—Minimal change in quality of speech. Patient answers in the affirmative only when enquired about (minimal hoarseness)

2—Moderate change in quality of speech of which the patient complains on his/her own (moderate hoarseness)

3—Gross change in the quality of voice perceived by the observer (severe hoarseness)
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Fig. 1 CONSORT flow diagram.

Table 2 Comparison of demographic parameters between the two groups

Parameters Group S Group G p-Value

Age (y)a 34.93 (11.79) 36.71 (16.22) 0.756

Gender Male (N) 9 8 0.808

Female (N) 6 6 1

Weight (kg)a 62.29 (10.48) 63.43 (16.94) 0.852

Height (cm)a 164.71 (7.23) 166.86 (6.86) 0.475

ASA status I (N) 10 9 0.819

II (N) 5 5 1

Abbreviations: ASA, American society of Anesthesiologists; N, number.
aMean (standard deviation), p-value< 0.05 significant.
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the effect of physiological fluid shift is minimal unlike
abdominal surgeries which are characterized by third space
loss and significant fluid shifts.8,9 As such, tissue edema in
our study is primarily a reflection of net fluid balance.

In our study, GDFTresulted in lower CLG and lesser airway
edema as compared with SFT. This eventually translated
clinically into lower postoperativemean scores of sore throat
(though statistically insignificant), hoarseness of voice, and
reduced duration of ICU stay. A recent meta-analysis con-
sisting of 29 studies and 2,099 patients found that intra-
operative GDFT was associated with significantly less
morbidity and duration of ICU stay.11 Though few studies
have shown that GDFT is associated with shorter duration of
hospital stay compared with SFT,11,12 in our study, the total

duration of hospital stay was comparable. This could be a
result of multiple factors other than GDFT. Moreover,
although hoarseness incidence was higher in group S, none
of the patients required reintubation and theyweremanaged
conservatively. Our study correlates well with previous
studies by Bacchin et al and Che et al who found that patients
who received GDFT in spine surgery had similar duration of
hospital stay as compared with controls despite fewer post-
operative complications and lesser duration of ICU stay.13,14

In our study, we included only ASA physical status I and II
patients. Our results are consistent with previous studies
which have shown that outcomebenefits related to the use of
intraoperative GDFT are not limited to high-risk patients.9,15

In our study, despite the administration of lesser volume of

Fig. 2 Trends of intraoperative heart rate and mean arterial pressure between the two groups.

Table 3 Comparison of various intraoperative and postoperative parameters between the two groups

Parameters Group S Group G p-Value

CLVAI (mL) 244.55 (57.78) 216.31 (46.35) 0.104

CLVBE (mL) 107.43 (52.90) 150.79 (47.35) 0.061

CLG (mL) 137.12 (54.42) 65.52 (22.41) 0.000

Crystalloid (mL) 3,142.86 (1,179.12) 2,657.14 (671.07) 0.235

Colloid (mL) 392.86 (349.65) 357.14 (305.62) 0.818

Blood loss (mL)a 325 (187.5) 300 (100) 0.595

Heart rate (beats/min) 81.37 (9.35) 80.17 (11.25) 0.801

Mean arterial pressure (mm Hg) 88.26 (8.56) 87.62 (4.75) 0.823

Bispectral index value (number) 42.96 (1.78) 43.62 (1.49) 0.366

Central venous pressure (mm Hg) 9.84 (0.39) 9.67 (0.64) 0.565

Duration of surgery (min) 308.93 (125.50) 304.64 (76.70) 0.925

Duration of anesthesia (min) 410.36 (123.44) 396.41 (63.80) 0.736

Sore throat score 0.79 (0.58) 0.43 (0.51) 0.136

Hoarseness of voice score 0.57 (0.51) 0.07 (0.27) 0.003

Length of ICU stay (h) 24.64 (6.20) 19.43 (4.80) 0.009

Length of hospital stay (d) 3.64 (0.74) 3.71 (0.73) 0.793

Abbreviations: CLVAI, cuff leak volume after intubation; CLVBE, cuff leak volume before extubation; CLG, cuff leak gradient; ICU, intensive care unit.
Note: All parameters are expressed as mean (standard deviation).
aExpressed as median (quartile deviation), p-value< 0.05 significant.
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fluids in GDFT group, both the groups had comparable MAP.
This is attributed to SVV-guided precise evaluation of volume
status in GDFT group.With regard to blood loss, patientswho
received GDFT had relatively less blood loss, though statisti-
cally comparable with SFT. On the contrary, patients who
received GDFT in the study by Bacchin et al had significantly
lesser blood loss as comparedwith controls.13 This difference
could be due to the variable spine pathology and surgical
experience of different surgeons in our study.

In our study, there was a decreasing trend in the use of
intraoperative fluid in the GDFT group which however did
not reach statistical significance probably due to the trans-
fusion of less volume of fluid in both groups. Nevertheless,
there was a significant difference in the CLG and the GDFT
group had less airway edema. This finding can be more
significant in surgeries where large intraoperative fluid
volume replacements occurs.

Our study has few limitations. First, the sample size is
relatively small and warrants more studies with larger
sample size. Second, the technique of CLT involves deflating
the cuff which might cause aspiration. Though we cannot
completelyexcludemicroaspiration, none of the patients had
clinical findings suggestive of aspiration in the postoperative
period. Third, the utilization of cardiac output monitor
involves extra cost; however, the benefit involved with the
use of this monitor clearly outweighs the cost involved.

Conclusion

GDFT significantly reduces airway edema and consequently
reduced the CLG as compared with SFT in patients undergo-
ing complex spine surgery in prone position. Postoperatively,
it also reduces sore throat, hoarseness of voice, and duration
of ICU stay.
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