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ABSTRACT
Background: During major abdominal surgery, goal-directed fluid therapy may lessen post
operative morbidity. It has been demonstrated that the Plethysmography Variability Index 
(PVI), which is generated from the pulse oximeter waveform, can predict fluid responsiveness in 
a variety of surgical settings. Pulse pressure variation (PPV), one of the indicators of fluid 
responsiveness, has received the most research attention and clinical application of all the 
indicators. Through arterial cannulation, primarily the radial artery, pulse pressure fluctuation is 
recorded. The cyclic variations in intrathoracic pressure have less of an immediate impact on 
pulse pressure than they do on systolic pressure. In this study, sedated, intubated, mechanically 
ventilated patients admitted for postoperative resuscitation in our surgical ICU following 
colorectal surgeries had their fluid responsiveness assessed using the Plethysmography 
Variation Index (PVI) and the Pulse Pressure Variation (PPV) to compare their effectiveness 
and reliability.
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1. Introduction

At tidal volumes (Vt) > 8 mL/kg, dynamic predictors 
of fluid responsiveness have performed effectively 
in mechanically ventilated patients. The utility of 
dynamic indices based on heart-lung interaction 
for predicting fluid responsiveness in mechanically 
ventilated patients is supported by a number of 
research. Additionally, it has been demonstrated 
that changes in the amplitude of the plethysmo
graphic pulse wave due to respiration accurately 
predict fluid responsiveness. To predict fluid 
responsiveness, the plethysmographic variability 
index (PVI) (Masimo, Irvine, CA) has been intro
duced.This index offers the benefit of being auto
matically calculated and continuously shown on 
the pulse oximeter screen [1].

PVI was a reliable indicator of fluid reactivity in 
patients receiving mechanical ventilation while under 
general anesthesia. PVI can predict fluid responsive
ness in critically ill patients, according to a recent 
study. The dynamic changes in perfusion index (PI) 
that take place during the respiratory cycle are auto
matically measured by the plethysmographic variabil
ity index [2].

In mechanically ventilated patients who have pas
sively adapted to the ventilator, pulse pressure varia
tion predicts fluid responsiveness. Pulse pressure 
variation (PPV), one of several functional hemody
namic measures, may rapidly and precisely measure 
the arterial waveform using an ordinary multipara
metric monitor. According to research by Sundaram 
et al. [3], it has been proven to be an excellent pre
dictor of fluid responsiveness.

2. Aim of the study

The primary objective of this work is to demonstrate 
the accuracy of the plethysmography variation index in 
fluid responsiveness prediction. The secondary goal is 
to demonstrate that PVI is preferable than PPV since it 
is more accurate in predicting fluid responsiveness.

3. Patients and methods

This cross-sectional study was carried out at the 
surgical ICU at Ain Shams University Hospital over 
the course of a year, from April 2021 to April 2022. 
The patients in this study had been assigned to be 
mechanically ventilated in surgical ICU. Patients 
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who have a history of unsatisfactory cardiac echo
genicity, severe valvular heart disease that devel
oped prior to colorectal surgery, known tricuspid 
insufficiency, an intracardiac shunt, or cardiac 
arrhythmia, low left ventricular function (ejection 
fraction 40%), any contraindication to fluid resusci
tation, such as congestive heart failure, evidence of 
fluid overload, or renal dysfunction, lung patholo
gies (like asthma, COPD), Patients whose temporary 
removal of the compression stocking due to venous 
insufficiency (i.e., deep venous thrombosis) were 
excluded from the trial. These conditions were con
traindications for sedation by opioids and midazo
lam, such as hepatic or renal dysfunction.

Sample size was determined using PASS 11 pro
gram, with alpha error set to 5% and power set to 
80%. The findings of a prior study indicated that 
the AUC for diagnostic accuracy for PPV and PVI 
were 0.939 and 0.78 respectively [4]. This means 
that 50 respondents and 50 non-responders make 
up the required sample. Before enrolling in the 
experiment, each case was advised of the benefits 
and potential hazards that could arise throughout 
the study, as well as the medications employed. 
Prior to being included in the study, every patient 
provided their consent.

3.1. Study interventions

1- This study included 103 patients who were 
assigned into two groups: responders and non- 
responders. All patients’ data were gathered at 
once. Following colorectal surgery, patient’s age, 
sex, and BMI were recoded for all 103 patients 
upon admission to the ICU. A patient clinical exam
ination was conducted. All patients admitted to the 
ICU following colorectal surgery had their APACHE II 
SCOREs completed. The study comprised subjects 
with an APACHE II score of 18 to 20. Additional 
hemodynamic measurements included heart rate 
(bpm), mean arterial pressure (MAP, mmHg), and 
oxygen saturation. Following colorectal surgery, 
recording was done every 30 minutes for the first 
two hours, then every two hours for the following 
twenty-four hours. All patients were mechanically 
ventilated. End-tidal carbon dioxide was monitored 
and kept between 30 and 35 mm Hg by changing 
respiratory rate. Ventilator settings: Tidal volume = 8  
ml/kg of anticipated body weight, inspiratory: 
expiratory ratio = 1:2. On admission and after fluid 
challenge, the ABG with lactate was recorded. 
A midazolam infusion was used to maintain seda
tion. PPV, CI, and PVI were recorded at the time of 
ICU admission as well as after volume expansion, 
which was accomplished by infusing 500 ml of sal
ine over 30 minutes. By using transthoracic echocar
diography, CO was calculated. Using data from the 

left ventricular outflow tract (LVOT), cardiac output 
was computed. The length between the bases of 
the aortic valve cusp during systole, as viewed from 
the long parasternal view, was assumed to equal 
the diameter of the LVOT. A circular geometry was 
assumed while calculating the LVOT area. We used 
the average of three measurements of LVOT dia
meter to lower variability. The product radius 
squared was used to determine the LVOT area: 
LVOT area=[(LVOT diameter average/2)2]3.14. CO, 
BW, and height were used to determine the cardiac 
index (CI). Patients who experienced an increase 
of ≥ 15% were referred to be “volume responders.” 
Patients who changed < 15% or did not change at 
all were referred to as “non responders.” 
Considering a rise in cardiac index of 15% or more 
to be a good sign after which the fluid challenge 
was discontinued. A Masimo Radical-7® monitor 
(Masimo Corp., Irvine, CA) was used to capture the 
PVI. To reduce light interference, a pulse oximeter 
probe was placed to the finger and covered with 
a black shield. The Masimo Radical 7 monitor was 
wired to the probe. Plethysmographic waveform 
analysis was used to automatically determine the 
PVI. The PPV was calculated as follows: the max
imum (during inspiration) and the minimum (during 
exhalation) waveforms were identified on the undu
lating invasive blood pressure pattern. The systolic 
pressure value for the largest, or maximum inspira
tory waveform, then the diastolic pressure was 
found through minimum expiratory wave. The dif
ference in these two values is the pulse pressure. 
These steps have given the two pulse pressures. The 
pulse pressure is the difference between these two 
numbers. The two pulse pressures were determined 
by these actions. The formula used to determine 
the pulse pressure variation was PPV=PPmax- 
PPmin/(PPmax+PPmin)*2. In patients admitted to 
the ICU following colorectal surgery, the study com
pared the efficiency of PVI to PPV in predicting fluid 
response using cardiac index. If the patients experi
enced any side effects as a result of our treatments, 
such as bradycardia (HR fewer than 60 beats/min), 
hypotension (blood pressure less than 90/60  
mmHg), arterial spasm during application of inva
sive blood pressure, hematoma, or false injection, 
they were treated as necessary. Atropine (0.01 mg/ 
kg) was administered if the patient had developed 
bradycardia, and ephedrine (0.1–0.3 mg/kg) was 
administered if the patient experienced hypoten
sion. Hot fomentations, periarterial xylocaine injec
tions, or stellate ganglion blocks were used to treat 
arterial spasm. Hematoma was treated with ade
quate compression and hot fomentations. In the 
event of a false arterial injection, papaverine was 
infused intraarterially. Since the patient was hypo
tensive or hemodynamically unstable and did not 
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respond to the fluid challenge, he was either given 
supports like norepinephrine and/or epinephrine or 
was given treatment in accordance with the cause, 
which was evaluated.

3.2. Statistical analysis

Using the statistical package for social science 
(SPSS 15.0.1. for Windows; SPSS Inc, Chicago, IL, 
2001), the obtained data were updated, coded, 
and loaded onto a PC. Quantitative parametric 
data are described as mean and standard deviation 
(± SD) and range and they were compared using 
independent samples t-test. Qualitative data are 
presented as number and percent and they were 
compared using the Chi square test. Sensitivity 
specificity, PPV, NPV were used to test accuracy.

4. Results

One hundred and three patients aged from eigh
teen to sixty-five years were scheduled for admis
sion to surgical ICU after colorectal surgery for 
estimation of accuracy between PPV, PVI as indica
tors for fluid responsiveness.

5. Discussion

Over the course of a year, this observational cross- 
sectional study was conducted in the surgical ICU. 
The effectiveness of PVI and PPV to predict fluid 
responsiveness in mechanically ventilated sedated 

individuals was compared using data from 103 
patients.

In colorectal surgery nowadays, Enhanced Recovery 
after Surgery (ERAS) pathways direct postoperative 
treatment. According to numerous randomized clinical 
trials, ERAS protocols have reduced readmissions, 
expenses, and lengths of stay (LOS) in hospitals. They 
have also decreased complications such postoperative 
ileus and surgical site infections.

Patients undergoing significant colon surgery in the 
past had excessive fluid administration. A 3 kg weight 
gain following elective colonic resection was linked to 
a higher complication rate, a longer hospital stay, and 
a slower recovery for the gastrointestinal system, 
according to one randomized, controlled experi
ment [5].

Early enteral nutrition ought to be made available to 
patients having colorectal surgery. In the past, patients 
were maintained NPO during bowel rest in order to 
guard against an anastomotic leak and to avoid PONV. 
Early enteral feeding, however, has been demonstrated 
to be advantageous. Carr et al. discovered that enteral 
feeding patients did not experience the rise in gut muco
sal permeability that was observed in the control group. 
A RCT conducted by El Nakeeb et al. [6] revealed that 
early oral feeding was linked to a quicker passage time to 
flatus and feces in the early feeding group. Additionally, 
they discovered that the early feeding group’s hospital 
stay was much shorter. Early feeding decreased the 
incidence of infections of all kinds, according to a com
prehensive analysis that included 11 research [7].

Application of the postoperative enhanced recovery 
pathway (ERP) via goal-directed fluid therapy has been 
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Table 1. Demographic data and APACHE II score.
Non responders Responders

Test value P-valueNo. = 50 No. = 53

Age (years) Mean ± SD 47.28 ± 14.95 50.06 ± 15.96 −0.910• 0.365
Range 19 – 90 20 – 83

Sex Female 23 (46.0%) 25 (47.2%) 0.014* 0.905
Male 27 (54.0%) 28 (52.8%)

Height (cm) Mean ± SD 171.02 ± 8.40 170.60 ± 7.73 0.262• 0.794
Range 151 – 188 152 – 188

Weight (kg) Mean ± SD 80.24 ± 9.24 81.21 ± 8.61 −0.550• 0.583
Range 59 – 102 66 – 102

BMI (kg/m2) Mean ± SD 27.52 ± 3.46 27.92 ± 2.63 −0.667• 0.507
Range 21.16 – 37.28 24.15 – 37.53

Body surface area (m2) Mean ± SD 1.92 ± 0.14 1.93 ± 0.13 −0.277• 0.783
Range 1.66 – 2.24 1.65 – 2.25

APACHE II Mean ± SD 18.92 ± 0.85 19.00 ± 0.83 −0.482• 0.631
Range 18–20 18–20

• Chi Sqaure Test.

Table 2. Effect of fluid challenge on HR, MAP, lactate, CI, PVI & PPV in non-responders’ group.
Non responders

Test value P-valueBefore After

HR (beat/min) Mean ± SD 91.40 ± 6.31 90.44 ± 6.04 1.691• 0.097
Range 81 – 105 80 – 104

MAP (mmhg) Mean ± SD 70.38 ± 5.28 73.56 ± 5.01 −4.340• 0.000**
Range 60 – 79 63 – 82

Lactate (mmol/L) Mean ± SD 2.69 ± 0.52 2.63 ± 0.45 3.136• 0.003**
Range 1.5 – 3.6 1.5 – 3.5

CI (L/min/m2) Mean ± SD 3.20 ± 0.20 3.53 ± 0.20 −28.689• 0.000**
Range 2.82 – 3.52 3.11 – 3.85

PVI (%) Mean ± SD 11.32 ± 1.93 7.98 ± 1.95 27.857• 0.000**
Range 8 – 15 4 – 12

PPV (%) Mean ± SD 11.18 ± 2.27 9.70 ± 1.34 5.002• 0.000**
Range 8–16 7–12

• Chi Sqaure Test.

Table 3. Effect of fluid challenge on HR, MAP, lactate, CI, PVI & PPV in responders’ group.
Responders

Test value P-valueBefore After

HR (beat/min) Mean ± SD 95.19 ± 7.13 92.23 ± 6.70 18.337• 0.000**
Range 80 – 112 78 – 106

MAP (mmHg) Mean ± SD 62.87 ± 5.15 68.70 ± 4.83 −28.989• 0.000**
Range 54 – 74 59 – 78

Lactate (mmol/L) Mean ± SD 2.56 ± 0.46 2.43 ± 0.39 5.417• 0.000**
Range 1.7–3.5 1.7–3.2

CI (L/min/m2) Mean ± SD 2.78 ± 0.19 3.24 ± 0.25 −41.101• 0.000**
Range 2.39–3.05 2.76–3.65

PVI (%) Mean ± SD 17.72 ± 2.37 11.06 ± 1.95 54.026• 0.000**
Range 13–22 8–15

PPV (%) Mean ± SD 16.62 ± 2.70 10.74 ± 1.61 22.227• 0.000**
Range 11–22 7–14

• Chi Sqaure Test.

Table 4. Comparison between responders and non-responders regarding the difference in HR, 
MAP, lactate, CI, PVI &PPV after fluid challenge.

Difference

Non responders 
No. (50)

Responders 
No. (53)

Test value P-valueMean ± SD Mean ± SD

HR) −0.96 ± 4.02 −2.96 ± 1.18 3.477 0.001**
MAP(mmHg) 1.02 ± 3.05 5.83 ± 1.46 10.300 <0.001**
Lactate (mmol/L) −0.05 ± 0.15 −0.13 ± 0.17 −2.527 0.013*
CI (L/min/m2) 0.02 ± 0.11 0.46 ± 0.08 23.312 <0.001**
PVI (%) −0.22 ± 1.49 −6.66 ± 0.90 −26.724 <0.001**
PPV (%) −0.42 ± 1.83 −5.89 ± 1.93 −14.741 <0.001**

Independent t-test.
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linked to better results in colorectal procedures, 
according to multicenter observational studies.

The most sensitive methods to assess a patient’s 
reaction to a fluid bolus are cardiac output and CI 
improvement [8]. The best and most accurate way to 
measure CO is with TTE, according to Desai and 
Garry [9].

As a result, we relied on the cardiac index as 
a reliable measure to identify preload response. 
Numerous studies have shown that it is effective 
whether or not the patient is mechanically ventilated, 
according to a comprehensive review and meta- 
analysis by Monnet et al. [10].

For rapid CO estimation in critically ill patients, non- 
invasive cardiac output monitoring might be applied 
[11]. In order to identify fluid responsiveness and pre
vent the negative effects of volume overload, dynamic 
approaches are more accurate and sensitive than static 
ones [4,12].

The best way to reduce the hazards to critically ill 
patients is to use a dynamic approach that is least inva
sive and can give a continuous means to detect fluid 
response [13]. PVI has several benefits since it is simple, 
noninvasive, and it measures changes in the amplitude 
of the pulse oximeter wave in mechanically ventilated 
patients between inspiration and expiration [14].

Numerous factors, such as vasoactive medications 
and hypothermia, which reduce peripheral perfusion, 
can influence the accuracy of PVI readings [10]. The 
PVI readings can also be influenced by the 

anatomical site; in individuals with perfusion issues, 
earlobe readings were shown to be more accurate 
than fingertip readings [15].

In order to distinguish between responders and 
nonresponders, this study used CI measured through 
TTE to compare PVI and PPV as predictors of fluid 
responsiveness following intravenous bolus of 500 ml 
crystalloid in 103 mechanically ventilated patients fol
lowing major abdominal surgery.

2.5
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2.8
2.9
3.0
3.1
3.2
3.3

Non responders Responders

CI L/min/m²

3.20

2.78

3.23 3.24

Before After
SD= 0.11

SD= 0.08

Figure 1. Cardiac index before and after fluid challenge in 
responders and non-responders.
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PVI %

11.32

17.72

11.10 11.06

Before After

SD= 1.49

SD= 0.90

Figure 2. PVI before and after fluid challenge in responders 
and non- responders.

Figure 3. ROC curve comparing sensitivity and specificity 
between PVI and PPV before fluid administration in non- 
responding cases.

Table 5. The diagnostic power of the indices for diagnosis of fluid responsiveness.
Variables Cut off point AUC Sensitivity Specificity +PV -PV P-value

PVI ≤14 0.990 
(0.979 to 1.000)

96.00 
(86.3–99.5)

94.34 
(84.3–98.8)

94.1 
(83.6–98.8)

96.2 
(86.8–99.5)

0.003

PPV ≤13 0.930 
(0.886–0.974)

84.00 
(70.9–92.8)

84.91 
(72.4–93.3)

84.0 
(70.7–92.9)

84.9 
(72.4–93.3)

This table shows that PVI has better sensitivity and specificity than PPV in the responding group with a highly significant p-value. 
() : values are stated with their confidence interval (C.I). 
+ PV: (Positive predictive value). 
-PV: (Negative predictive value).
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According to our research, PVI, a noninvasive 
method, has a greater sensitivity and specificity for 
predicting fluid responsiveness than PPV when used 
with an IV 500 ml crystalloid bolus in patients on 
mechanical ventilation in the surgical intensive care 
unit. In comparison to PPV, which had an 84% 
sensitivity and an 84.91% specificity with 
a threshold value of greater than 13%, PVI was 
shown to have a 96% sensitivity and 94.34% 
specificity.

Hoiseth et al. separately guided fluid management 
using TEE SV measures, in line with our work, although 
they concentrated on comparing PVI to PPV for pre
dictive ability. An 86% sensitivity, p value < 0.001, and 
an AUC of 0.92% were obtained with a PVI threshold of 
11.4%. This outcome demonstrated how well PVI could 
predict fluid responsiveness [16].

However, Liu et al., reported that PVI had better 
bedside dependability (79% sensitivity and 88% 
specificity) than PPV in ICU patients. In patients 
under anesthesia, it demonstrated minimal ability. 
Higher sensitivity of fluid responsiveness in the OR 
compared to the ICU was demonstrated by Chu 
et al.‘s 2016 meta-analysis [17,18].

According to Desgranges et al.‘s [19] systematic 
review and meta-analysis, digital PVI is a good indi
cator of fluid responsiveness in children on mechan
ical ventilation during surgery. However, compared 
to earlier reports in the adult surgical population, 
the diagnostic performance of digital PVI for differ
entiating between responders and non-responders 
to a fluid challenge was not as high [20].

Karadayi et al. found that while a number of 
research showed that PVI was sensitive, accurate, and 
had a high application value in predicting fluid respon
siveness, their small sample sizes made them less con
vincing [21].

Regarding PPV, Cannesson et al., and colleagues 
showed that although PPV has a good predictive 
value, it may be imprecise and inconclusive in 
predicting fluid responsiveness in 25% of patients 
undergoing general anesthesia [22].

However, when Ji et al. evaluated PPV and PVI 
in pediatric children under 2 years old in the prone 
position, they found no discernible difference 
between the two groups before to or following 
the patients’ change in position [23].

When PPV and PVI were compared during the 
intraoperative phase of low- to moderate-risk 
abdominal surgery, Coeckelenbergh et al. examined 
the impact on the duration of hospital stay and 
found no discernible differences between the two 
groups [24].

In critically ill septic patients, Karadayi et al. com
pared the pleth variability index and pulse pressure 
variation in the semi-recumbent and Trendelenburg 
positions. They found that there is a moderate correla
tion between the PPV and the PVI, and that this corre
lation is not affected by position [21].

When Do-hyeong Kim et al. compared PPV and 
PVI in the supine and prone positions, they found 
that both models could predict fluid responsiveness, 
and that there was no discernible difference in 
either model’s predictive power between the two 
groups when the models were used in the prone 
position [25].

In conclusion, this study showed that PVI and PPV 
can be used in assessment of fluid responsiveness of 
the intubated ventilated sedated patients with sinus 
rhythm in ICU, and both methods can be performed at 
the bedside, but PVI has advantage of being continu
ous, operator independent, and more reliable 
than PPV.

The main limitation of our study is that using TTE as 
a cardiac output measuring technique may be affected 
with the obesity, patient position or intrathoracic pres
sure of the patient which may affect the result of our 
study. Also, further studies needed to detect the efficacy 
of PVI and PPV in OR.

6. Conclusion

Both PVI and PPV have the advantage of being con
tinuous, easy to use, operator independent, and more 
dependable than PPV concerning evaluation of fluid 
responsiveness in intubated, ventilated, sedated 
patients in the intensive care unit. Both techniques 
can be performed as bedside dynamic predictors for 
fluid responsiveness.

List of abbreviations

ABG Arterial blood gases
BMI Body mass index
C.I Cardiac index
C.O Cardiac output
COPD Chronic obstructive pulmonary disease
CVP Central venous pressure
F.R Fluid responsiveness
H.R Heart rate
ICU Intensive care unit
L.V. Left ventricle
LVOT Left ventricular outflow tract
MAP Mean arterial blood pressure
NPO Nothing by mouth/nil per os
PLR Passive leg raising
PONV Postoperative nausea and vomiting
PPV Pulse pressure variation
PVI Plethysmography variation index
RV Right ventricle
SVV Stroke volume variation
TTE Trans thoracic echo
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