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Background: When applying lung-protective ventilation, fluid responsiveness cannot be
predicted by pulse pressure variation (PPV) or stroke volume variation (SVV). Function-
al hemodynamic testing may help address this limitation. This study examined whether
changes in dynamic indices such as PPV and SVV, induced by tidal volume challenge
(TVC), can reliably predict fluid responsiveness in patients undergoing renal transplan-
tation who receive lung-protective ventilation.

Methods: This nonrandomized interventional study included renal transplant recipients
with end-stage renal disease. Patients received ventilation with a 6 mL/kg tidal volume
(TV), and the FloTrac system was attached for continuous hemodynamic monitoring.
Participants were classified as responders or nonresponders based on whether fluid
challenge increased the stroke volume index by more than 10%.

Results: The analysis included 36 patients, of whom 19 (52.8%) were responders and
17 (47.2%) were nonresponders. Among responders, the mean APPVg_g (calculated
as PPV at a TV of 8 mL/kg predicted body weight [PBW] minus that at 6 mL/kg PBW)
was 3.32+0.75 and ASVV¢_g was 2.58+0.77, compared to 0.82+0.53 and 0.70+0.92 for
nonresponders, respectively. APPV,_g exhibited an area under the curve (AUC) of 0.97
(95% confidence interval [Cl], 0.93-1.00; P<0.001), with an optimal cutoff value of 1.5,
sensitivity of 94.7%, and specificity of 94.1%. ASVVg_g displayed an AUC of 0.93 (95%
Cl, 0.84-1.00; P<0.001) at the same cutoff value of 1.5, with a sensitivity of 94.7% and a
specificity of 76.5%.

Conclusions: TVC-induced changes in PPV and SVV are predictive of fluid responsive-
ness in renal transplant recipients who receive intraoperative lung-protective ventila-
tion.

Keywords: Hemodynamics; Kidney transplantation; Operating room; Tidal volume
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HIGHLIGHTS

* The trial included patients aged 18—60 with hypoten-
sion after anesthesia but before fluid or vasopressors.

* This study identifies APPV6-8 (PPV, pulse pressure
variation) as the most reliable predictor of fluid re-
sponsiveness following tidal volume challenge (TVC),
outperforming other indices such as PPV8 and SVV8
(stroke volume variation).

* Prior research has highlighted the value of TVC, and our
study extends this by applying it specifically to renal
transplant patients.

* Future studies should investigate its long-term efficacy
across diverse clinical settings.

INTRODUCTION

Renal transplant (RT) is the preferred treatment for pa-
tients with end-stage renal disease (ESRD) [1]. During
transplantation, most patients with ESRD undergo hemo-
dialysis, with frequent fluctuations between hypovolemia
and hypervolemia. Consequently, there is a very narrow
margin of safety for intravenous fluid maintenance and
resuscitation throughout the perioperative period. Periop-
erative fluid imbalances in these patients can therefore
precipitate major complications, including fluid overload,
pulmonary edema, acute tubular necrosis, and delayed
graft function. As a result, careful perioperative hemody-
namic management plays a key role in minimizing com-
plications and improving patient outcomes [2].

In traditional RT surgery, a central venous pres-
sure-guided fluid management strategy has been em-
ployed, which involves infusing the maximum volume until
no further response is observed [3]. However, this method
can result in excessive fluid administration, potentially
damaging the vascular endothelial glycocalyx and caus-
ing fluid to shift into the interstitial space. Studies have
indicated that only about 50% of critically ill or surgical
patients exhibit fluid responsiveness. Therefore, fluid
administration should be based on parameters that can
predict such responsiveness [4,5]. Research in the field of
RT suggests that dynamic indices, such as pulse pressure
variation (PPV) and stroke volume variation (SVV), are su-
perior to static indices in predicting fluid responsiveness,
specifically during controlled mechanical ventilation with
a minimum tidal volume (TV) of 8 mL/kg. The use of these
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indices has led to improved outcomes [6—9].

Lung-protective ventilatory strategies, which involve
a TV of 6—8 mL/kg of predicted body weight (PBW), are
associated with favorable outcomes and have become
the standard of practice, even in the operating room [10].
However, the use of these strategies limits the utility of
dynamic indices such as PPV and SVV in predicting fluid
responsiveness.

To address this issue, Myatra et al. [11] proposed a
test known as TV challenge (TVC) to predict fluid respon-
siveness. They noted that changes in dynamic indices,
prompted by a temporary increase in TV from 6 to 8 mL/kg
for 1 minute, could reliably forecast fluid responsiveness
in patients receiving lung-protective ventilation. Sepa-
rately, TVC has demonstrated effectiveness in predicting
fluid responsiveness among critically ill patients, while not
being influenced by factors such as low lung compliance,
moderate positive end-expiratory pressure (PEEP), or the
use of different measurement devices [12-17]. Recently,
Messina et al. [18,19] demonstrated that changes in PPV
and SVV following TVC are reliable intraoperative predic-
tors of fluid responsiveness in neurosurgical patients re-
ceiving low-TV ventilation. However, data on the utility of
TVC in patients undergoing RT are limited.

The purpose of this study was to evaluate whether
changes in dynamic indices such as PPV and SVV, in-
duced by TVC, could reliably predict fluid responsiveness
in patients undergoing RT who receive ventilation using a
lung-protective strategy.

METHODS

This study was approved by the Institutional Ethics Com-
mittee of Mahatma Gandhi Medical College and Hospital
(No. MGMC&H/IEC/JPR/2022/683). Written informed
consent was obtained from all participants. The study
was registered as a clinical trial (CTRI/2022/04/042038).
Mahatma Gandhi Medical College and Hospital is a tertia-
ry university teaching hospital located in Jaipur, India. The
study employed a prospective interventional single-cen-
ter, single-arm design.

Adult patients with ESRD undergoing elective open
RT recipient surgery were included in the study on a non-
random basis if they met the following criteria: between
18 and 60 years old, required invasive arterial and central
line monitoring intraoperatively, and developed hypo-
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tension (a fall in systolic arterial pressure [SAP] of 220%
from before anesthetic induction) after the induction of
anesthesia and prior to the administration of a fluid bolus
or vasopressor agents. Patients were excluded from the
analysis if they exhibited frequent cardiac arrhythmias,
reduced left ventricular ejection fraction of less than 40%,
body mass index above 30 kg/m?, restrictive lung disease,
moderate to severe pulmonary hypertension, preoperative
use of beta blockers, use of vasopressors or inotropes be-
fore or during TVC, new-onset intraoperative arrhythmia,
or a heart rate-to-respiratory rate ratio of less than 3.6.

Perioperative Management

Standard intraoperative monitoring, including heart rate,
peripheral oxygen saturation, continuous electrocardiog-
raphy, and noninvasive blood pressure monitoring, was
performed in all patients and baseline parameters were
recorded. General anesthesia was induced using titrated
doses of fentanyl (2 ng/kg), propofol (1-2 mg/kg), and
cisatracurium besylate (0.15-0.20 mg/kg). Maintenance
of anesthesia was achieved with the inhalation agent iso-
flurane, intravenous fentanyl for analgesia, and an infu-
sion of cisatracurium besylate (2—3 pg/kg/min) to ensure
complete neuromuscular blockade throughout the opera-
tion. The bispectral index was maintained between 40 and
60 intraoperatively for all patients. Plasma-Lyte (Baxter
International Inc.), a balanced salt solution, was adminis-
tered at a rate of 2 mL/kg/hr as a maintenance fluid.

The patients were ventilated using volume-control
mode, with a TV of 6 mL/kg of PBW and a PEEP of 5 cm
H,0, to maintain peripheral oxygen saturation above 96%.
The end-tidal carbon dioxide concentration was held be-
tween 35 and 45 mmHg by titrating the respiratory rate.
PBW (in kilograms) was calculated using the formula: X
+ 0.91 [height (cm) - 152.4], where X equals 50 for males
and 45.5 for females. After anesthesia was induced,
central and arterial lines were placed. A FloTrac system
(Edwards Lifesciences) was attached to the patient for
continuous hemodynamic monitoring.

Study Protocol

The TVC test was conducted at a specific time point, after
the induction of anesthesia, when the patient exhibited
hypotension—a fall in SAP greater than 20% from baseline
or a mean arterial pressure below 70 mmHg—and before
the administration of a fluid bolus or vasopressor agents.
Prior to TVC, the square-wave test was employed to as-
sess whether the pressure signal was underdamped or
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overdamped. Hemodynamic parameters, including pulse
rate, SAP, diastolic arterial pressure, mean arterial pres-
sure, central venous pressure, stroke volume index, SVV,
and PPV, were recorded.

TVC was conducted by temporarily increasing the TV
from 6 mL/kg to 8 mL/kg of PBW for 1 minute. Following
this, a new set of hemodynamic parameters was record-
ed. Additionally, the changes in PPV and SVV were de-
termined, where APPVg_g was calculated as PPVg — PPV
and ASVVg_g was defined as SVVg — SVVg. After TVC, the
TV was returned to 6 mL/kg PBW, and the hemodynamic
parameters were measured again.

Subsequently, fluid challenge was performed, involv-
ing the infusion of 250 mL of Plasma-Lyte solution over
a 10-minute period. Then, the same set of hemodynamic
parameters was recorded. Patients were classified as
responders or nonresponders based on whether fluid
challenge resulted in an increase in stroke volume index
of more than 10%. The data from the first fluid challenge
administered to each patient were analyzed. For patient
safety, the attending anesthetist had the discretion to in-
terrupt the protocol.

Statistical Analysis

All analyses were performed using SPSS ver. 26.0 (IBM
Corp.), RStudio Team (2020; RStudio), and Stata ver.
14 (StataCorp). Continuous variables were reported as
meanztstandard deviation or median with interquartile
range, as appropriate. Categorical data were presented as
frequencies (percentages). The chi-square test or Fisher
exact test was used to compare categorical data. Contin-
uous variables, such as demographic characteristics and
hemodynamic parameters, were compared between the re-
sponder and nonresponder groups using the independent
Student t-test or the Mann-Whitney U-test, depending on
the data distribution. Within each group, the paired t-test
or Wilcoxon signed-rank test was used to compare con-
tinuous variables. Receiver operating characteristic (ROC)
curves, along with the area under the curve (AUC) and
95% confidence intervals (Cls), were used to assess and
compare the diagnostic performance of six parameters for
detecting fluid responsiveness. These parameters included
PPV at a TV of 6 mL/kg PBW; PPV at a TV of 8 mL/kg PBW,
APPVg_g, or the change in PPV after increasing TV from 6
to 8 mL/kg PBW; SVV at a TV of 6 mL/kg PBW; SVV at a
TV of 8 mL/kg PBW; and ASVVg_g, or the change in SVV
after increasing TV from 6 to 8 mL/kg PBW. Diagnostic in-
dices, including sensitivity, specificity, positive likelihood
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ratio, negative likelihood ratio, positive predictive value,
negative predictive value, and misclassification rate, were
reported. The optimal cutoff value for each diagnostic
variable was determined based on the Youden index,
calculated as (sensitivity + specificity - 1). Sample size
estimation was based on the area under the ROC curve,

[95 Eligible patients]

Patients excluded:
12 Cardiac exclusion criteria
10 Logistic issues
7 Patient of beta-blockers

A 4

A 4

[ 66 Enorolled ]

Patients excluded:
12 Required nitroglycerine infusion
2 Occurrence of new-onset arrythmias
13 Fall in SAP <20%
3 Arterial waveform artifacts

A 4

A 4

36 Analyzed

Fig. 1. Flowchart of the study population. SAP, systolic arterial pressure.
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referencing Messina et al. [18]. Anticipating an area under
the ROC curve of 0.94 for APPV TVC, a null hypothesis of
0.50, and a sample size ratio of 1 between negative and
positive groups, the final sample size was estimated to be
28 (across both groups) with 80% power and a 5% level
of significance. All statistical tests were performed at a
5% significance level, and a P-value of less than 0.05 was
considered to indicate statistical significance.

RESULTS

This prospective nonrandomized interventional study
was conducted from June 2022 to October 2022, during
which 95 patients underwent RT. Of these, 66 patients
were enrolled in the study, but only 36 were eligible for the
final analysis (Fig. 1). None of the patients experienced
any adverse events during the TVC test, and the study
protocol was strictly followed by the attending anesthesi-
ologist. Among the 36 patients, 19 (52.8%) were classified

Table 1. Comparison of general patient characteristics between responders and nonresponders

Characteristic All participants (n=36) Fluid responders (n=19)  Fluid nonresponders (n=17) P-value

Age (yr) 33.849.6 35.4+11.3 31.947.0 0.274
Sex 0.139

Male 26 (72.2) 16 (84.2) 10 (58.8)

Female 10 (27.8) 3(15.8) 7(41.2)
Body mass index (kg/m?) 20.843.5 21.6+4.2 20.142.3 0.211
PBW (kg) 63.5 (54.2-68.0) 64.0 (59.0-68.0) 61.0 (50.0-68.0) 0.175
Duration (mo) 13.5 (6.0-36.0) 18.0 (6.0-36.0) 9.0 (6.0-30.0) 0.531
Duration of dialysis (mo) 3.5(1.0-8.0) 4.0 (1.0-8.0) 3.0 (1.5-9.5) 0.616
Comorbidities

None 6(16.7) 3(15.8) 3(17.6) >0.999

Hypertension 27 (75.0) 14 (73.7) 13 (76.5)

Hypertension with diabetes 3(8.3) 2(10.5) 1(5.9) -
2D ECHO: EF% 57.7+3.8 58.5¢2.8 56.8+4.7 0.199

No DD 9(25.0) 6 (31.6) 3(17.6) 0.438

Grade 1 DD 16 (44.4) 9 (47.4) 7(41.2)

Grade 2 DD 11(30.6) 4(21.1) 7(41.2)
Lactate (mmol/L) 1.0£0.5 1.0£0.6 1.0£0.5 0.870
Heart rate (beats/min) 68.318.5 69.319.2 67.27.7 0.469
SAP (mmHg) 155.048.1 154.9£9.1 155.1¢7.2 0.968
DAP (mmHg) 87.3+3.4 87.543.1 87.1:3.8 0.726
MAP (mmHg) 109.9£4.7 110.0£4.7 109.814.8 0.887

Values are presented as meantstandard deviation, number (%), or median (interquartile range).
PBW, predicted body weight; 2D ECHO, two-dimensional echocardiography; EF, ejection fraction; DD, diastolic dysfunction; SAP, systolic arterial pressure;

DAP diastolic arterial pressure; MAP, mean arterial pressure.
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Table 2. Comparison of hemodynamic variables between fluid responders and nonresponders at baseline and after fluid challenge
Fluid responders (n=19)

Fluid nonresponders (n=17)

After fluid
challenge

After fluid
challenge

After TVC
(TV, 8 mL/kg)

After TVC Baseline-2
(TV, 8 mL/kg) (TV, 6 mL/kg)

Baseline-1
(TV, 6 mL/kg)

Baseline-2
(TV, 6 mL/kg)

Baseline-1
(TV, 6 mL/kg)

Variable

(TV, 6 mL/kg)

(TV, 6 mL/kg)

HR (beats/min) 89.7+10.5  89.9+10.3 89.4+10.6  81.348.09" 86.29.4  86.5:9.2 86.3:8.9  84.5:8.390)
SAP (mmHg) 105.847.1  106.5+7.2 106.247.0  122.3+4.999°  106.2¢+6.8  106.5:6.2 106.846.4  111.3+7.499)
DAP (mmHg) 712445  71.5+4.8 71.444.8 76.9+4.090)9) 70.3t5.2  70.3%5.2 70.4453  71.5¢5.89
MAP (mmHg) 82.5¢49  827+438 82.9+4.8 92.043.790)9) 82.2+49  82.24#48 82.2¢49  84.64529Y
CVP (mmHg) 6.89+1.20  6.89+1.20 6.89+1.20  8.4241.029Y 7.5310.94  7.53+0.94  7.53+0.94  7.9440.839"
SVR (dyne x sec/cm®)  1,095¢139  1,091+132 1,084¢117  1,142411099 11024147 1,097+143  1,103+134  1,1314137

Cl (L/min/m?) 5.5840.51  5.6140.509 5604049  5.92+0.44999 5474053 5474053 5474053 5.44+0.49
SVI (mL/m?) 377452 38.0#5.3Y 37.845.4  43.845.59Y 411473 409473 40.5¢7.1  41.247.4
PPV (%) 8.95¢2.39 12.26+2.2699  8.84+2.32  6.79+1.407°°  918+2.68 10.00+2.549  9.12+2.47  8.24+2.247")
SVV (%) 9.0442.39 116321999  8.89+2.26  6.63+1.2697° 9244264 99442469  9.35+2.34 8.53+2.157")

Values are presented as meanzstandard deviation.

TV, tidal volume; TVC, tidal volume challenge; HR, heart rate; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure;
CVP, central venous pressure; SVR, systemic vascular resistance; Cl, cardiac index; SVI, stroke volume index; PPV, pulse pressure variation; SVV, stroke

volume variation.

)P<0.05: haseline-1 vs. after fluid challenge; P'P<0.05: baseline-2 vs. after fluid challenge; 9P<0.05: fluid responders vs. fluid nonresponders; 9P<0.05:

baseline-1 vs. after TVC.

A 14 1 —&— Fluid responders
13 123 —®— Fluid nonresponders
12
11
> 1041
o
o 9 -
8 -
7 -
6 6.8
5 T T T T 1
Baseline-1 After TVC Baseline-2  After fluid challenge
(TV, 6 mL/kg) (TV, 6 mL/kg) (TV, 6 mL/kg) (TV, 6 mL/kg)

B 20 1 —&— Fluid responders
18 1 —®— Fluid nonresponders

16 1
14 4
12 4
10 A
8
6
4 4
2
0 T

Baseline-1
(TV, 6 mL/kg)

SVV

T T 1
Baseline-2  After fluid challenge
(TV, 6 mL/kg) (TV, 6 mL/kg)

T
After TVC
(TV, 6 mL/kg)

Fig. 2. Error bar charts across various time points for (A) PPV and (B) SVV. PPV, pulse pressure variation; SVV, stroke volume variation; TV, tidal volume;

TVC, tidal volume challenge.

as responders and 17 (47.2%) as nonresponders. Table 1
presents the general demographics, preoperative hemo-
dynamic parameters, and history of comorbidities among
recipients. These factors were statistically similar be-
tween the two groups (P>0.05). Table 2 details the hemo-
dynamic parameters in the responder and nonresponder
groups at various time points: baseline-1 (TV 6 mL/kg),
after TVC (in which TV is increased from 6 mL/kg to 8
mL/kg), baseline-2 (after reducing TV from 8 mL/kg back
to 6 mL/kg), and after fluid challenge. Fig. 2 illustrates the
PPV and SVV at different time points. The hemodynamic
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parameters at baseline-1 and baseline-2 were compara-
ble between the two groups.

Impact of Tidal Volume Challenge on Pulse Pressure
Variation

The mean change in APPVg_g was 3.32+0.75 in respond-
ers, compared to 0.82+0.53 in nonresponders. The aver-
age percentage increase in APPVg_g was 39%+13% in re-
sponders and 10%%7% in nonresponders. These findings
suggest that APPV,_g can effectively differentiate between
fluid responders and nonresponders (Table 3).
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Table 3. Diagnostic performance of various parameters in predicting fluid responsiveness

L . Positive  Negative o
. Cutoff ~ Youden Sensitivity Specificity o _ . Misclassification
Variable AUC (95% CI) P-value ) LR-  predictive predictive
value index (%) (%) rate (%)
value (%) value (%)
PPVg 0.50 (0.31-0.70) 0.975 7.5 0.09 73.7 35.3 1.14 0.88 56.0 54.5 44.4
PPVy 0.73 (0.55-0.91) 0.019 9.5 0.53 94.7 58.8 2.30 0.09 72.0 90.9 22.2
PPV g 0.97 (0.93-1.00)  <0.001 1.5 0.88 94.7 94.1 16.05 0.05 94.7 94.1 5.0
APPVgq (%)  0.95(0.88-1.00)  <0.001 0.2 0.88 94.7 941  16.05 005 947 94.1 5.0
SV, 0.51(0.32-0.71) 0.874 7.5 0.14 79.0 35.3 1.21 0.60 57.6 60.0 41.0
SVV, 0.70 (0.52-0.88) 0.039 9.5 0.38 79.0 58.8 1.88 0.36 68.1 71.4 30.5
SVWq 0.93(0.84-1.00) <0.001 1.5 0.71 94.7 76.5 402 007 782 92.3 16.7
ASVVeg (%) 0.91(0.81-1.00)  <0.001 0.18 0.72 89.5 76.5 3.80 0.14 81.0 87.6 17.0

AUC, area under the receiver operating characteristic curve; Cl, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; PPV,
pulse pressure variation at a tidal volume of 6 mL/kg; PPV, pulse pressure variation at a tidal volume of 8 mL/kg; APPV,, change in pulse pressure
variation following change in tidal volume from 6 to 8 mL/kg; APPV¢.g (%), percent change in pulse pressure variation following change in tidal volume
from 6 to 8 mL/kg; SVVg, stroke volume variation at a tidal volume of 6 mL/kg; SVVj, stroke volume variation at a tidal volume of 8 mL/kg; ASVV¢.g,
change in stroke volume variation following change in tidal volume from 6 to 8 mL/kg; ASVV¢.g (%), percent change in stroke volume variation following
change in tidal volume from 6 to 8 mL/kg.

A 1.0 4 - B 1.0 -

PA——
0.8 - 0.8
2 06- Z 0.6
= =
3 3
c c
$ 04- $ 0.4-
—— Baseline-1 TVC PPV —— Baseline-1 TVC SVV
0.2 - — 8 mLTVC-PPV 0.2 — 8 mLTVC-SVV
APPV,_, ASWV¢ g
Refence line Refence line
0 0.2 04 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Fig. 3. Receiver operating characteristic (ROC) curves comparing the capacity of various variables to discriminate between fluid responders and non-
responders. The ROC curves are derived from six diagnostic parameters used to assess fluid responsiveness: (A) baseline-1 TVC PPV, the PPV during
ventilation with a tidal volume of 6 mL/kg predicted body weight; 8 mL TVC-PPV, the PPV during ventilation with a tidal volume of 8 mL/kg predicted
body weight; APPV,, the change in PPV upon transition from 6 to 8 mL/kg predicted body weight tidal volume. (B) Baseline-1 TVC SVV, the SVV during
ventilation with a tidal volume of 6 mL/kg predicted body weight; 8 mL TVC-SVV, the SVV during ventilation with a tidal volume of 8 mL/kg predicted body
weight; and ASVV,, the change in SVV upon transition from 6 to 8 mL/kg predicted body weight tidal volume. TVC, tidal volume challenge; PPV, pulse
pressure variation; SVV, stroke volume variation.

Impact of Tidal Volume Challenge on Stroke Volume
Variation

The mean change in ASVVg_g was 2.58+0.77 in respond-
ers, compared to 0.70+0.92 in nonresponders. The aver-
age percentage increase in ASVVg_g was 30%+12% in re-
sponders and 9%+11% in nonresponders. These findings
suggest that ASVVg_g can effectively differentiate between

www.ctrjournal.org

fluid responders and nonresponders (Table 3).

Receiver Operating Characteristic Comparisons

In the ROC curve analysis (Fig. 3), both the absolute
change and the percentage increase demonstrated the
capacity to predict fluid responsiveness. APPVg_g dis-
played an AUC of 0.97 (95% Cl, 0.93-1.00; P<0.001) and
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an optimal cutoff value of 1.5, with a sensitivity of 94.7%
and a specificity of 94.1%. In turn, ASVV,_g exhibited an
AUC of 0.93 (95% Cl, 0.84-1.00; P<0.001) and the same
cutoff value of 1.5, yielding a sensitivity of 94.7% and a
specificity of 76.5%.

DISCUSSION

The primary finding of this study is that although PPVj,
SVVg, the change in PPV (APPV_g), and the change in SVV
(ASVVg_g) following TVC can predict fluid responsiveness,
APPV_g emerged as the superior predictor. This finding
was based on the AUC, sensitivity, specificity, and positive
and negative predictive values. Additionally, the study re-
veals that while the percentage changes in PPV and SVV
(APPV¢_g [%] and ASVVg_g [%]) are reliable measures of flu-
id responsiveness, they require additional computations
and are not suitable for bedside use.

Our findings further indicate that even when all other
validity criteria are met, a protective ventilatory approach
precludes the use of baseline PPV and SVV for assess-
ing volume status. Moreover, approximately 50% of the
patients displayed fluid responsiveness, aligning with
previous observations in elective surgical patients [20,21].
This suggests that functional hemodynamic tests should
be employed for patients under protective ventilation in
the operating room to improve the predictive value of PPV
and SVV.

The TVC hypothesis was first effectively tested by
Myatra et al. [11] in a study of 20 critically ill patients.
According to their findings, the use of low TV during pro-
tective ventilation can lead to false-negative values of dy-
namic indices. Therefore, increasing the TV and intratho-
racic pressure should differentially elevate PPV and SVV
in responders versus nonresponders. Additionally, TVC
is preferable to classic fluid challenge, as the latter car-
ries a risk of fluid overload, especially when administered
repeatedly in cases of fluid unresponsiveness. Conse-
quently, TVC intervention should be applied in subsequent
episodes of hypotension.

Several studies conducted in operating room settings
have corroborated our findings. These studies demon-
strated that a change in PPV following an increase in
TVC from 6 to 8 mL/kg of PBW accurately predicted fluid
responsiveness in patients undergoing neurosurgery and
in those undergoing robotic surgery in the Trendelenburg

194

Clin Transplant Res - September 2024 - Volume 38 - Issue 3

position [15,18,19].

According to Myatra et al. [11], the absolute changes
in PPV and SVV induced by TVC reliably predicted fluid
responsiveness, with cutoff values of 3.5% and 2.5% and
areas under the ROC curve of 0.99 and 0.97, respectively.
However, their research included only 20 patients. The
larger patient sample in our study and the varied patho-
physiological status of the patients could account for the
discrepancies in cutoff value and specificity.

In resource-limited centers lacking advanced hemody-
namic monitoring devices for measuring cardiac output,
a simple test such as TVC may be employed in patients
on lung-protective ventilation strategies. The resulting
change in PPV can then be utilized to distinguish between
fluid responders and nonresponders, as suggested by
Myatra et al. [11] and corroborated by our findings.

Shi et al. [16] found neither PPVg nor SVVg useful in
predicting fluid responsiveness. This aligns with previous
research indicating that PPV and SVV values ranging from
9% to 13% fall within a “grey zone," rendering them incon-
clusive for predicting preload responsiveness and neces-
sitating further functional hemodynamic testing [19,21]. In
our study, the TVC-induced measurement APPV¢_g reliably
predicted fluid responsiveness, demonstrating a sensitiv-
ity of 94.7% and a specificity of 94.1%. These figures are
slightly lower than those reported by Myatra et al. [11],
who observed a sensitivity of 94% and a specificity of
100%. Consequently, APPVg_g is a superior marker of fluid
responsiveness relative to a single PPV measurement at a
given TV.

The cutoff values for APPVg_g and ASVV_g identified
by ROC curve analysis in our study differ from those re-
ported by Messina et al. [18]. This discrepancy may be
attributed to the differing hemodynamic impact of TVC in
an RT context as opposed to the neurosurgical patients
examined by Messina et al. [18].

When transitioning to goal-directed fluid therapy using
dynamic indices like PPV and SVV rather than traditional
static indices for fluid and hemodynamic management,
the use of TVC helps overcome the limitations associ-
ated with low-TV ventilation. This approach is designed
to optimize fluid balance and respiratory function while
preserving hemodynamic stability, thereby potentially
improving outcomes in RT recipients. Prospective studies
involving large patient samples with long-term follow-up
are needed to validate these results.
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Strengths of the Study

Lung-protective strategies involving low-TV ventilation
are increasingly becoming an integral part of intraopera-
tive care, and the importance of TVC has been highlighted
by prior research. In this context, our study is likely the
first to employ the TVC-PPV test to predict fluid respon-
siveness in patients receiving RTs.

Limitations of the Study

The use of PPV has limitations in certain patient groups,
such as those with arrhythmias, spontaneous breathing
efforts, or pneumoperitoneum, rendering the TVC-PPV
test unreliable in these scenarios. Patients with PPV in the
“grey zone" also require further study to confirm our find-
ings. The amount and duration of fluid administration for
fluid challenge, as well as the TV for use in TVC, warrant
additional research. Continuous cardiac output monitor-
ing is required to observe changes in SVV, which may be
challenging in a resource-limited setting. Furthermore, the
intraoperative phase is dynamic and can change abruptly;
the intervention in our study was limited to a single time
frame. Finally, this is a single-center study with a small
sample size, which suggests the need for further research
to assess the findings with a larger sample. TVC-induced
changes in PPV and SVV are predictive of fluid respon-
siveness in RT recipients who receive intraoperative low-
TV ventilation as part of a lung-protective ventilation
strategy.
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