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ABSTRACT

Background: Patients undergoing surgical resection of brain tumors frequently exhibit a spectrum of
hemodynamic fluctuations necessitating careful fluid management. This study aimed to evaluate the feasibility
of dynamic predictors of fluid responsiveness, such as delta down (DD), aortic velocity time integral variability
(VTIAoV), and superior vena cava collapsibility index (SVCCI), in patients undergoing neurosurgery for brain
tumors.

Methods: In this prospective study, 30 patients scheduled to undergo elective neurosurgery for brain tumor
resection were enrolled. Baseline measurements of vitals, anesthetic parameters, and study variables were
recorded post-induction. Subsequently, patients received a fluid bolus of 10 mL/kg of colloid over 20 min, and
measurements were repeated post-loading. Data were presented as mean + standard deviation. The normally
distributed continuous variables were compared using Student’s f-test, with P < 0.05 considered statistically
significant. The predictive capability of variables for fluid responsiveness was assessed using Pearson’s coefficient
analysis (r).

Results: Of the 30 patients, 22 were identified as volume responders (R), while eight were non-responders (NR).
DD >5 mmHg effectively distinguished between R and NR (P < 0.001), with a good predictive ability (r = 0.759).
SVCCI >38% differentiated R from NR (P < 0.001), with excellent predictability (r = 0.994). Similarly, VTIAoV
>20% was also a good predictor (P < 0.05; r = 0.746).

Conclusion: Our study revealed that most patients undergoing surgical resection of brain tumors exhibited
fluid responsiveness. Among the variables assessed, SVCCI >38% emerged as an excellent predictor, followed by
VTIAoV >20% and DD >5 mm Hg, for evaluating fluid status in this population.

Keywords: Aortic velocity time integral variability, Brain tumors, Delta down, Fluid responsiveness, Superior
vena cava collapsibility index
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INTRODUCTION

Patients presenting for neurosurgery are prone to major
fluid shifts in the perioperative period due to a multitude
of causative factors, including underlying occult cardiac
dysfunction, neuroendocrine pathologies such as the
syndrome of inappropriate antidiuretic hormone secretion,
diabetes insipidus, and cerebral salt wasting.>17-1%2431 [n
addition, this is exacerbated by the aggressive use of osmotic
diuretics to alleviate elevated intracranial pressure. The
concomitant fluctuations in blood pressure (BP), coupled
with the loss of cerebral autoregulatory mechanisms, can
increase the risk of severe complications such as cerebral
edema, perioperative stroke, venous infarctions, and
pulmonary edema.!'*!>**3 There is extensive evidence that
supports the judicious use of fluid management strategies to
improve the outcomes in this subset of patients.[7-427:31:32]

Predicting fluid responsiveness in these patients has been a
significant challenge for anesthesiologists and intensivists. Due
to the inherent difficulty in directly measuring intravascular
volume, clinicians rely on various static and dynamic variables
as indirect indicators of a patient’s fluid status. This study aimed
to investigate fluid responsiveness in patients undergoing
supratentorial brain tumor resection using dynamic indices
obtained from hemodynamic monitors and echocardiography.
Our objective was to evaluate the effectiveness of newer
predictor indices such as delta down (DD), superior vena cava
collapsibility index (SVCCI), and aortic velocity time integral
variability (VTIAoV) in predicting fluid responsiveness in
patients undergoing elective craniotomy for supratentorial brain
tumor resection. In addition, we sought to validate the threshold
for these predictor variables in discriminating responders (R)
from non-responders (NR) within this population.

MATERIALS AND METHODS

This prospective observational study was conducted on
patients undergoing craniotomy for the surgical resection
of supratentorial brain tumors. Approval was obtained
from the Institutional Ethics Committee (SCT/IEC-559/
FEBRUARY-2014), and written informed consent was
acquired from all participants. Thirty patients aged between
18 and 60 years, undergoing neurosurgery in the supine
position for supratentorial brain tumor resection, were
recruited. Exclusion criteria encompassed patients undergoing
posterior fossa surgery, those with associated cardiac and
pulmonary pathologies, surgeries performed in positions
other than supine, and individuals with contraindications for
transesophageal echocardiography (TEE) probe insertion.

Anesthesia protocol

In the operating room, standard American Society of
Anesthesiologists monitors, such as electrocardiography, non-
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invasive BP, and pulse oximetry, were initiated, and peripheral
intravenous access was established. Anesthesia was induced with
propofol 2-3 mg/kg, fentanyl 2-3 ug/kg, along with vecuronium
0.1 mg/kg to facilitate tracheal intubation. Mechanical
ventilation was initiated in a volume-controlled mode with a
tidal volume of 8 mL/kg, and the respiratory rate was adjusted
to achieve a partial pressure of carbon dioxide of 32-38 mmHg
without positive end-expiratory pressure. Anesthesia was
maintained using sevoflurane of 0.8-1 minimum alveolar
concentration and a continuous infusion of fentanyl 1-2 pg/kg/h
and atracurium 0.3 mg/kg/h. Under ultrasound guidance,
arterial access was established in the radial artery, and a central
venous catheter in the right internal jugular vein was placed.
Additional monitoring of central venous pressure (CVP), end-
tidal carbon dioxide, end-tidal anesthetic gas concentration, and
ventilatory parameters was commenced. A forced-air warming
system (Bair Hugger Warming system, Augustine Medical,
Eden Prairie, MN, USA) was utilized, and the temperature
was monitored using a nasopharyngeal probe. A TEE probe
(GE Vivid 7 with 9T 4.0-10.0 MHz multiplane TEE probe, GE
Healthcare, Wauwatosa, WI 53226, USA) was inserted before
patient positioning for surgery. The acquisition of predictor
variables is detailed below.

Study variables
DD

The maximal systolic pressure (SPmax), minimal systolic
pressure (SPmin), and reference systolic pressure at the
end of the expiratory pause (SPref) were measured from
the waveform on the monitor (Philips Intellivue, MX700,
Philips Medizin Systems, Germany). A mean of three
recordings during three consecutive respiratory cycles was
utilized for statistical analysis. DD was calculated as the
difference between the systolic arterial pressure at the end
of a 5-s respiratory pause immediately before lung inflation
and its minimal value during one mechanical breath, that is,
DD = SPref-SPmin. DD >5 mmHg has been demonstrated to
differentiate fluid R from NR effectively.”>2]

SVCCI

The superior vena cava (SVC) was visualized using the
mid-esophageal bi-caval view. An anatomical M-Mode
was utilized to measure the necessary diameters. The
measured SVC diameters included the maximum diameter
on expiration (SVCmax) and the minimum diameter on
inspiration (SVCmin), which were assessed during the same
respiratory cycle. The statistical analysis utilized the average
of two values. The SVCCI was calculated using the formula:
SVCCI = ([SVCmax-SVCmin]/[SVCmax]). A cutoff value of
38% for SVCCI was employed to distinguish between R and
NR.[2’13’16’28]
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VTIAoV and cardiac index

The left ventricular outflow tract (LVOT) and the opening of
the aortic valve are visualized by obtaining the deep trans-
gastric (TG-LAX) view. In this deep TG-LAX view, the aortic
valve appears in the far field at the bottom of the display,
with the LV outflow directed away from the transducer.
Aortic velocity time integral (VTIAo) is calculated from
the recorded velocity loops as a mean value obtained from
three consecutive recordings. VTIAo variability (VTIAoV)
is determined using the formula: VTTAoV = ([VTImax-VTI
min]/VTI avg). VITAoV >20% is the cutoff to distinguish
fluid R from NR. Cardiac output (CO) is calculated in this
view by multiplying the cross-sectional area of LVOT (CSA
LVOT) x VTIAo x heart rate (HR). The cardiac index (CI) is
computed by dividing CO by the body surface area.*!3222630]

Study protocol

Baseline variables were documented following a 5-minute period
of hemodynamic stability, defined as HR and systolic blood
pressure (SBP) within +5% after the initiation of anesthesia.
Volume expansion was accomplished by fluid loading (FL)
by administering 10 mL/kg of colloid solution (TetraHES,
hydroxyethyl starch 130/0.4, Claris Otsuka, India) over 20 min.
All parameters were reassessed post-FL. The anesthetic
concentration and ventilator settings remained unchanged
throughout the data acquisition period. Those patients exhibiting
>15% variability in CI variability (CIV) following FL were
defined as R, and those displaying CIV < 15% as NR.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences Inc., Chicago, IL, version 26.0.
Continuous variables were presented as mean * standard
deviation or median (interquartile range) for skewed data,
while categorical data were described using frequency, ratio,
and percentage (%). The categorical variables were compared
using the Chi-square test. Continuous variables were
compared using a student’s ¢-test. All the statistical tests were
carried out at a 5% level of significance, and a value <0.05
was considered significant. The correlation between the test
variables (DD, SVCCI, and VTIAoV) and the gold standard
for identifying fluid R and NR, namely, CIV, was assessed
using Pearson’s correlation coefficient. A Pearson’s coefficient
exceeding 0.8 indicated a strong correlation, while a value
between 0.5 and 0.7 showed a good correlation. Pearson’s
coefficient was preferred over receiver operating characteristic
analysis due to the small size of the study population.

RESULTS

We recruited 30 subjects undergoing neurosurgery for brain
tumor resection, and the study cohort comprised 16 males

and 14 females. None of the patients required vasoactive
drug therapy during the period of data acquisition. There
were 22 volume R (73.33%) and 8 NR (26.67%). The clinical
characteristics of R and NR were similar, and no difference
was observed between these two groups in terms of anesthetic
requirements and ventilatory parameters [Table 1]. There
were no significant differences in hemodynamic variables
such as HR, SBP, or mean arterial pressure (MAP) between R
and NR before FL [Table 2]. Post-FL also showed insignificant
HR, SBP, and MAP changes in both R and NR [Table 2].

Our results showed that DD >5 mmHg efficiently
differentiated the R from NR with a sensitivity and specificity
of 94% and 80%, respectively. FL in patients suspected to be
hypovolemic and who were later diagnosed as responders
showed a baseline DD below the threshold value of 5 mmHg
(P <0.001) [Table 2]. A good correlation (r) between DD and
CIV;r=0719 was observed in both the groups [Table 3].

SVCCI of >38% was 100% sensitive and 100% specific in
detecting the volume status and in detecting the volume
status of our patients. The mean value of SVCCI was
significantly elevated above the 38% cutoff (P < 0.001) in the
responder group, whereas it was below the threshold value in
the non-responder population. Responders had a significant
decrease in SVCCI post-FL, demonstrating these subjects’
positive response to fluid therapy [Table 2]. It also had a
strong correlation with the outcome predictor CIV; r = 0.994
[Table 3].

A VTIAo variability threshold value of >20% had a
sensitivity and specificity of 100% and 92%, respectively, in
differentiating the R from NR. Responders had a baseline
VTIAoV >20% (P < 0.05). Post FL, the responders had
a sharp decline in the VITAoV to <20% in contrast to the
NR, demonstrating that the subjects were grossly fluid
deficient at the beginning of the procedure. VITIAoV had a

Table 1: Patient demographics and intraoperative variables of the
study population.

Variables Responders  Non-responders P-value
(n=22) (n=8) Mean+SD
Mean+SD
Age (years) 43.62+10.89 46.41+£3.37 0.584
Weight (kg) 67.00+£9.89 64.80+5.57 0.642
Height (cm) 167.52+10.38 169.02+7.92 0.788
BMI (kg/m?) 23.84+1.91 22.73£1.62 0.281
EtCO, (mmHg) 36.81+£2.63 36.22+2.91 0.699
Et sevo (%) 1.65+0.19 1.63+0.15 0.774
Temp (°C) 36.06+0.34 36.13+0.12 0.663
PIP (cms H,0) 16.11£1.97 17.86+3.38 0.228

BMI: Body mass index, EtCo,: End-tidal carbon dioxide,

Et sevo: End-tidal sevoflurane, Temp: Temperature, PIP: Peak
inspiratory airway pressure, SD: Standard deviation. Data are expressed
as mean (SD) or absolute numbers
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Table 2: Comparison of hemodynamic and predictor variables between the responder and non-responder population.

Variables Pre-fluid loading Post-fluid loading
R Group (n=22) NR Group (n=8) P-value R Group (n=22) NR Group (n=8) P-value

Mean+SD Mean+SD Mean+SD Mean+SD
HR (beats/min) 77.41£8.12 68.30%7.61 0.556 75.13£7.08 66.83+7.35 0.542
SBP (mmHg) 116.58+12.15 117.01+9.82 0.924 127.13£7.93 125.80+12.67 0.797
DD (mm Hg) 8.52+1.35 3.81+2.27 0.001** 4.12+1.19 2.10+0.84 0.003*
SVCCI (%) 59.09+14.57 30.92+5.18 0.001** 28.50+6.08 19.15+10.23 0.472
VTIAoV (%) 21.73+£3.78 14.47+3.32 0.003* 7.23+3.78 6.66+2.52 0.899

HR: Heart rate, SBP: Systolic blood pressure, DD: Delta down, SVCCI: Superior vena cava collapsibility index, VTIAo V: Aortic VTI variation, R:
Responder, NR: Non-responder, SD: Standard deviation. *P<0.5, **P<0.001. Data is expressed as mean (SD) or absolute numbers

Table 3: The correlation coefficient of the variables with the
outcome predictor (% change in Cardiac index).

Variables Pearson’s correlation coefficient (r)
HR 0.235
SBP 0.284
DD 0.719%
SVCCI 0.994*
VTIAoV 0.746*

HR: Heart rate, SBP: Systolic blood pressure, DD: Delta down,
SVCCI: Superior vena cava collapsibility index, VTTAo V: Aortic VTI
variation, SVV: Stroke volume variation. *r-0.50-0.70, *r>0.80

good correlation with the cardiac index variation; r = 0.746
[Table 3].

DISCUSSION

The objective of our study was to evaluate the feasibility of DD,
SVCCI, and VTTAoV as predictors of fluid responsiveness and
to validate the threshold values for distinguishing fluid R from
NR in patients undergoing neurosurgery for brain tumors.
We found no difference in basic hemodynamic parameters,
such as HR and BP, between the R and NR groups. Even post-
FL, these indices remained essentially unchanged; they also
showed poor correlation with CIV, suggesting that they are
poor indices of volume status. Hence, our findings indicate
that these variables are unreliable for assessing and managing
volume status in patients with brain tumors.

Considerable evidence indicates that static indices such as
CVP, pulmonary artery occlusion pressure, and variables
derived from echocardiographic assessments such as
right atrial pressure, left ventricular (LV) end-diastolic
volume, and area are inadequate for accurately assessing
changes in ventricular preload, thus rendering them poor
predictors of fluid responsiveness.!"***! Moreover, these
variables primarily rely on LV compliance, which is often
altered in brain tumor patients due to chronic sympathetic
hyperactivity, leading to LV hypertrophy and concurrent
diastolic dysfunction.['#
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Recent studies suggest that ventilation-induced variations in
arterial pulse pressure waveform can accurately predict fluid
responsiveness despite minor limitations.**!122!l Therefore,
we chose DD, an arterial pressure-based variable, to indicate
preload responsiveness. The previous studies in perioperative
and intensive care unit settings utilizing DD have indicated
that a cutoff of 5 mm Hg effectively distinguishes between
fluid R and NR and can aid in diagnosing hypovolemia and
initiating FL."”*?!l DD has shown a strong correlation with
delta pulse pressure (DPP), a widely accepted dynamic
index derived from arterial traces, renowned for its non-
invasiveness and predictive value.'® Unlike pulse pressure
variation (PPV) and DPP, DD calculation is simpler and
does not require specialized software or complex algorithms,
making it advantageous. Moreover, DD can be easily
calculated using bedside monitors.”? Another reason for
choosing DD is that “delta up,” which influences DPP and
PPV calculation, reflects blood sequestered in the lungs
during mechanical inspiration and does not contribute
effectively to circulating blood volume. 71113

We demonstrated that DD, with a threshold of 5 mmHg, is a
dependable predictor for assessing volume status, effectively
distinguishing between R and NR groups within the brain
tumor population. It showed a good correlation with CIV
post-FL, accurately predicting fluid responsiveness. Our
finding is similar to previous studies, which showed that DD
>5 mmHg could differentiate between R and NR. They also
observed a consistent decrease in DD below threshold values
post-FL in patients with hypovolemia, a pattern seen in our
study.”*¥ Parameters such as PPV and DPP have already
been explored in neurosurgical settings. However, additional
software is needed to derive these indices.””? This is why
validation of indices such as DD is of importance, as it would
be useful in assessing volume responsiveness in patients
undergoing neurosurgery in resource-limited settings and in
developing and underdeveloped countries.

In our study, TEE was utilized to obtain dynamic variables
such as SVC diameters, aortic VTI, and LVOT, based on
which we calculated the SVCCI and VTIAoV. To the best of
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our knowledge, no study has investigated the reliability of
SVCCI and VTIAoV in predicting volume responsiveness
in patients with brain tumors during the intraoperative
period. We regarded VTIAoV as a proxy measure for changes
in preload and LV contractile function. TEE facilitated
simultaneous quantification of changes in loading conditions,
CO, and diastolic function in our subset of patients with
intracranial tumors, who exhibit dynamic variability in
cardiac compliance.®*]

The assessment of the SVC diameter and its derived metric,
the SVCCI, revealed its effectiveness as a predictor of fluid
status within this patient subset. The R and NR groups had
smaller SVC diameters before FL, which increased post-FL.
SVCCI within the R group significantly exceeded the 38%
threshold before FL and after that decreased post-FL, thus
confirming its efficacy as a predictor of fluid responsiveness.
Variations in SVCCI correlated strongly with CIV, even
among NR, in our study population. Vieillard-Baron et al.
found that in patients with sepsis, SVCCI >38% effectively
discriminated between R and NR with high sensitivity and
specificity. They advocated routine SVCCI measurement
in septic shock patients as an accurate indicator of fluid
responsiveness.?! Other studies also demonstrated the utility
of changes in SVC diameter as a reliable indicator of fluid
responsiveness.>!!

We observed that VTIAo variability exceeding 20% has good
sensitivity and specificity in distinguishing between R and
NR. The mean value within the responder group significantly
surpassed the 20% threshold, which notably decreased below
the threshold post-FL, indicating its predictive capacity
for fluid status. Moreover, it displayed a good correlation
with CIV, affirming its efficacy as a predictor. Our analysis
demonstrated that VTIAoV behaved similarly in the brain
tumor population compared to prior studies, validating its
efficacy as a predictor in the brain tumor population. Feissel
et al. found that in mechanically ventilated patients with
septic shock, aortic peak velocity (Vpeak) variation >12%
effectively differentiated R from NR, with high predictive
value.”’ While previous studies focused on peak velocities
and their variation, VTIAoV is a comparable and a more
robust variable than aortic Vpeak variation.[32226:30]

The findings of this study shed light on critical aspects of
fluid therapy in patients with brain tumors undergoing
surgical intervention. This insight will assist in devising
meticulous fluid management strategies to enhance
outcomes in individuals with brain tumors, thus mitigating
the risks of cerebral edema, perioperative strokes, and
lung complications.'%!41517241 'We utilized TEE as it is
ergonomically easier to use during the intraoperative
period in a neurosurgical setting for continuous monitoring
of cardiac function and air embolism as compared to
transthoracic echocardiography (TTE). As a standard care

practice in our institution, we utilize TEE views, such as the
mid-esophageal bicaval view, for monitoring for probable
air embolism during craniotomy and tumor resection. The
limitation of TTE would be the acquisition of SVC diameters
which can be easily acquired with a mid-esophageal bicaval
view with TEE.

Limitations

We did not validate our variables against thermodilution
techniques with a pulmonary artery catheter, which is
currently considered the gold standard for CO measurement.
However, studies have shown a good correlation between CO
measured by TEE and measurements obtained through the
pulmonary artery catheter.!"$! Moreover, our investigation
concentrated solely on supratentorial brain tumor patients,
limiting generalizability to other neurosurgical conditions or
patients with concurrent cardiac issues. Subsequent studies
should address these gaps to provide broader insights.
Moreover, we have not studied the utility of these parameters
in physiologically abnormal scenarios such as hypotension.
Further studies are needed to evaluate them in the setting of
hypotension.

CONCLUSION

Our study revealed that most patients undergoing surgical
resection of supratentorial brain tumors exhibited fluid
responsiveness, even though conventional hemodynamic
indicators such as HR and BP were within normal limits.
Among these variables, SVCCI >38% has the most robust
predictive value, followed by VTIAoV >20% and DD >5 mmHg
in evaluating fluid status in this patient cohort. In the current
era of point-of-care ultrasound-guided hemodynamic
management, our study underscores the relevance of
incorporating  echocardiographic variables and arterial
waveform-derived indices to predict fluid responsiveness in
these patients.
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