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Abstract. The aim of this study was to evaluate the response of pleth variability index (PVI) to phlebotomy in anesthetized
children prior to surgery for congenital heart disease. After induction of general anesthesia and prior to surgical incision,
approximately 10 mL/kg of blood was removed from 40 mechanically ventilated children over a 5–10 min period. The PVI was
continuously monitored. Additionally, the volume of crystalloid required to ensure hemodynamic and near infrared spectroscopy
stability was recorded. There was no difference between the pre-phlebotomy PVI (13% ± 6.2) and the post-phlebotomy PVI
(16.4% ± 9.6) (P = 0.55). Patients who had a starting PVI ≤14% had a significant increase in PVI after phlebotomy from 9.1% ± 3
to 14.3% ± 7.2 (P = 0.0014). Although, patients with a pre-phlebotomy PVI of >14% required more crystalloid replacement
(11 ± 9.4 mL/kg) than those with a PVI ≤14% (5.3 ± 4.7 mL/kg), this was not significant (P = 0.06). In patients who received
less crystalloid replacement during phlebotomy, PVI did show a significant increase. Additionally, the data suggests that patients
with a pre-phlebotomy PVI >14% required greater fluid replacement than those with a PVI < 14%. Further research is needed
to better delineate the utility of PVI in this unique group of patients.
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1. Introduction

Dynamic parameters of fluid responsiveness, such
as pulse pressure variation (PPV) and stroke volume
variation (SVV), reflect hemodynamic changes sec-
ondary to intermittent positive pressure ventilation [1].
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These indices have proven to be superior to static mea-
sures of preload in predicting stroke volume increases
in response to fluid challenges [2]. Furthermore, the use
of these dynamic parameters in a goal-directed fash-
ion has been shown to improve outcomes in high risk,
adult surgical patients [3–6]. As such, there is increas-
ing interest in the use of a goal directed fluid strategy
for a broader array of surgical patients. In addition,
evidence regarding the validity of PPV and SVV in
pediatric patients is mixed [7].

The use of plethysmography waveform analy-
sis to predict fluid responsiveness was suggested
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in 1999 [8], and further advancements in signal
processing technology have linked changes in plethys-
mography waveform amplitude to PPV [9] and fluid
responsiveness [10–13]. The plethysmography wave-
form amplitude; however, is not easily monitored and
therefore holds little clinical utility.

Another measure of plethysmography variation has
been developed and incorporated into a new generation
of pulse oximetry (Radical 7 pulse oximeter, Masimo
Corporation, Irvine CA) and deemed the pleth variabil-
ity index (PVI). A recent meta-analysis in adults [14],
and three recent pediatric studies have shown PVI to
accurately predict fluid responsiveness [15–17].

At our institution, it is current practice to remove
approximately 10–20 mL/kg of blood with minimal
crystalloid replacement prior to surgery for congenital
heart defects. This phlebotomy is this clinical prac-
tice avoids an unacceptable drop in hemoglobin during
the initiation of cardiopulmonary bypass (CPB) [18].
This practice of preoperative phlebotomy provides the
unique opportunity to study monitors of fluid balance
and intravascular volume alterations without signifi-
cantly affecting anesthesia practice. Motivated by the
lack of data in pediatric patients, the aim of the present
study was to prospectively examine the response of
PVI to preoperative phlebotomy in children prior to
surgery for congenital heart disease (CHD). While
this clinical situation does not allow us to test fluid
responsiveness per se, it does give us the opportu-
nity to observe PVI changes under conditions of acute
intravascular volume changes associated with intraop-
erative phlebotomy.

Our primary outcome variable was post-phlebotomy
PVI, as our hypothesis was that PVI after phlebotomy
would be higher than PVI prior to phlebotomy. Our
secondary outcome variable was total fluid volume
administered to maintain hemodynamic stability. We
hypothesized that those with higher starting PVI would
require more fluid resuscitation.

2. Materials and methods

After institutional board (IRB) review and approval,
a total of 40 patients who were scheduled for surgery
for CHD using CPB were enrolled (Table 1). Follow-
ing the induction of general anesthesia with standard
monitoring according to the standards of the Amer-
ican Society of Anesthesiologists, the Masimo pulse
co-oximeter (Radical 7, software 7.6.2.1, Masimo Cor-

poration, Irvine CA) was applied to the patient’s finger
using a disposable probe (adult & pediatric Respos-
able Rev E R2-20 & R2-25, and Adhesive Rev E
R1- 20 L). The probe was placed on the ring or index
finger. Perfusion index (PI) is calculated as the ratio
between constant and intermittently absorbed light by
the pulse oximeter probe. PVI is then automatically
calculated based on the dynamic change in PI through-
out a respiratory cycle with the formula [(PImax –
PImin)/PImax],× 100 [19].

Body temperature was continuously monitored and
maintained at 36–37◦C during data collection. Anes-
thesia was maintained with 2% sevoflurane in oxygen.
Phlebotomy was performed over a 5–10 min period
through a central venous catheter or an arterial cannula.
The volume of blood removed was calculated based on
the patient’s weight, starting hematocrit, and a target
hematocrit after the initiation of CPB of 24–28%. Prior
to the start of phlebotomy, the PVI was recorded during
a hemodynamically stable period with minimal stim-
ulation. Hemodynamic values including mean arterial
pressure and heart rate, as well as cerebral oxygena-
tion measured by near infrared spectroscopy (NIRS)
were monitored during phlebotomy. A greater than
20% change from baseline in these parameters was
remedied by volume replacement with crystalloid, the
administration of phenylephrine or temporary cessa-
tion of phlebotomy. These interventions were left at
the discretion of the anesthesiologist. PVI data was
collected by a third party and blinded to the anesthesia
team during data collection. Additional data collected
included patient’s age, weight, drugs used during the
case, lactate, blood pressure, total pre-CPB crystalloid
administered and cerebral oxygen saturation. The crys-
talloid replacement is the total amount of fluid given
prior to initiation of CPB. While our practice is to min-
imize fluid administration during active phlebotomy,
the anesthetic records do not allow us to report how
much fluid was given specifically during phlebotomy.

Descriptive statistics were computed to summa-
rize all variables of interest. For continuous variables,
mean and standard deviation or median and interquar-
tile rages are provided where appropriate. Student
unpaired t-test or Wilcoxon rank sum test, where
appropriate, was used to compare fluid replacement
between pre-phlebotomy PVI >14% group and pre-
phlebotomy PVI >14%. Paired t-test or non-parametric
Wilcoxon singed-rank test was used to test the dif-
ference between pre-PVI and post-PVI groups. A P
value of less than 0.05 was considered significant. The
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data were analyzed using the statistical software SAS
version 9.2 (SAS Institute, Cary, NC).

Institutional Review Board approval was obtained
prior to this study.

3. Results

A total of 31 of the 40 enrolled patients were
included in the final cohort following the exclu-
sion of nine patients due to incomplete data sets. A
list of surgeries and their individual fluid require-
ments are described in Table 1. Ages ranged from
0.25 yr to 19 yr. No arrhythmias were noted dur-
ing phlebotomy on continuous electrocardiography.
All patients were mechanically ventilated during
data collection with an average tidal volume of
8.4 ± 1.8 mL/kg. An average of 9.2 ± 3.2 mL/kg of
blood was removed during phlebotomy. The average
crystalloid replacement prior to initiation of CPB was
7.3 ± 7.1 mL/kg. There was no statistical difference
between the pre-phlebotomy PVI (13 ± 6.2%) and the
post-phlebotomy PVI (16.4 ± 9.6%) (P = 0.55). The PI
decreased significantly from 6.1 ± 4.5% to 4.1 ± 2.9%
after phlebotomy (P = 0.019).

Of the 31 patients, 20 had a PVI of ≤14%
(Group 1) while 11 had a PVI >14% prior to
phlebotomy (Group 2). There were no significant
differences between groups with respect to age,
weight, pre-phlebotomy blood pressure, or volume
of blood removed during phlebotomy (Table 2).
The average crystalloid replacement in group 1
(5.3 ± 4.7 mL/kg) was smaller than crystalloid replace-
ment in group 2 (11 ± 9.4 mL/kg), though this
was not a significant difference (P = 0.06). Addi-
tionally, hemoglobin decreased from 13.3 ± 2.4 g/dL
to 12.2 ± 2.3 g/dL (P = 0.08), hematocrit decreased
from 39.1 ± 7% to 36 ± 6.9% (P = 0.78), systolic
blood pressure decreased from 96.6 ± 18.1 mmHg to
82.4 ± 23.6 mmHg (P = 0.001), mean arterial pressure
decreased from 69 ± 18 mmHg to 60.1 ± 14.5 mmHg
(P = 0.017), heart rate changed insignificantly from
103 ± 33.1/min to 100.8 ± 35.5/min (P = 0.29), and
cerebral saturation decreased from 76 ± 7.6% to
68.2 ± 9.4% (P = 0.005) (Table 3).

The 20 patients in group 1 (PVI of ≤14%)
had a significantly higher post-phlebotomy PVI
(14.3 ± 7.2%) compared with pre-phlebotomy PVI
(9.1 ± 3%) (P = 0.0014). The 11 patients in group 2
(PVI >14%) had a significantly lower post-phlebotomy

PVI (13.7 ± 9.6%) compared with pre-phlebotomy
PVI (20.2 ± 3.5%).

A total of three patients received one time doses
of phenylephrine during phlebotomy. Their doses of
phenylephrine were 1.4 �g/kg, 2.7 �g/kg, and 1 �g/kg
respectively. Their pre-phlebotomy PVI readings
were 6%, 17%, and 19%. Their post-phlebotomy
PVI readings were 12%, 10%, 19%. Their pre-CPB
fluid replacements were 14.5 mL/kg, 14.4 mL/kg,
10.8 mL/kg. One of these same patients required a
7 min pause in phlebotomy. No other patients required
vasopressors or phlebotomy pauses.

4. Discussion

The PVI is a novel method of measuring plethys-
mography variation in response to intermittent positive
pressure ventilation (Radical 7 pulse oximeter, Masimo
Corporation, Irvine CA). Because the use of dynamic
fluid responsiveness parameters are becoming more
commonplace in patient monitoring [20], the PVI
offers a uniquely non-invasive method of measuring
fluid balance in patients undergoing intermittent pos-
itive pressure ventilation. Data recorded in the adult
population suggest that PVI predicts fluid responsive-
ness [14]. Similarly, encouraging data has emerged in
the pediatric population as well [15–17]. In the present
study, there were no significant changes in the PVI fol-
lowing phlebotomy when the cohort was analyzed as
a whole. However, when examining the groups sepa-
rately, PVI did change significantly after phlebotomy.

Given that blood was removed with minimal vol-
ume replacement, it is hypothesized that the PVI
would increase after the removal of approximately
10 mL/kg of blood. While a small volume of crystal-
loid (7.3 mL/kg) was administered to replace the whole
blood that was removed, only a fraction (30–40%) of
this crystalloid volume would remain in the intravas-
cular space [21]. Thus, given their preoperative fasting
time and the phlebotomy, it is likely that the patients
had a significant decrease in their intravascular status
at the time of the post-PVI recording. Our traditional
hemodynamic variables such as mean arterial pres-
sure and cerebral saturation did indeed show significant
decreases post-phlebotomy. However, when the group
was examined as a whole, the PVI increase after phle-
botomy was not significant. While unexpected, we
postulate that the PVI was not sensitive enough to
determine the change in intravascular volume given
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a whole blood removal 9.2 mL/kg in the setting of
7.3 mL/kg crystalloid replacement. In important con-
sideration, however, is the internal recruitment of fluid
into the intravascular space that occurs during phle-
botomy [22]. While difficult to clinically quantify, this
may have played a role in augmenting the small amount
of crystalloid that was administered.

While no change in PVI was noted in the cohort as
a whole, significant changes in PVI were found when
examining the two groups separately. Those patients
whose pre-phlebotomy PVI values were ≤14% had
a significant increase in PVI after completion of
phlebotomy (9.1% to 14.3%). These patients had an
average crystalloid replacement of 5.3 mL/kg. Interest-
ingly, those who had a pre-phlebotomy PVI of >14%
had a significant decrease in PVI after completion of
phlebotomy (20.2% to 13.7%). These patients received
an average crystalloid replacement of 11 mL/kg. A
decrease in PVI may not be expected after removal
of 9.7 mL/kg of blood; however, this decrease is likely
secondary to the larger fluid resuscitation in this group.
Patients in group 1, who received a limited fluid
resuscitation, had a significant increase in PVI after
phlebotomy.

When analyzing fluid requirements between the two
groups, a correlation between the amount of fluid
administered prior to CPB and the pre-phlebotomy PVI
was noted. Those with a pre-phlebotomy PVI of ≤14%
received an average of 5.3 mL/kg crystalloid replace-
ment in order to maintain hemodynamics, whereas
those with a pre-phlebotomy PVI of >14% received
an average of 11 mL/kg replacement. This difference,
while not significant, suggests the potential utility of
PVI given that higher PVI values are indicative of vas-
cular depletion. It is also possible that an association
might exist but our study was not powered well enough
to detect it.

Given that it was intended as a preliminary trial to
evaluate the feasibility of studying this and other mon-
itors which may non-invasively provide insight into
hemodynamic function, it is possible that our study
may have been underpowered thereby explaining the
negative results. However, we believe that a true power
calculation would not have been feasible. This was a
preliminary study and there are no data on the behav-
ior of PVI during this type of hemodynamic challenge.
Additionally, our phlebotomy volumes and resuscita-
tion volumes could not be controlled as we based these
on our usual clinical practice where the amount of
blood withdrawn is primarily controlled by the start-

ing hematocrit and the patient’s hemodynamic stability
during phlebotomy. Given these factors, the variables
required for a power analysis were not readily known.
Additionally, tidal volumes also play an important role
when considering the ability of PVI to predict intravas-
cular depletion and fluid responsiveness. Our cohort
had an average tidal volume of 8.3 mL/kg with little
variation among the cohort. A minimum tidal vol-
ume of 8 mL/kg has been shown to be necessary to
accurately assess fluid responsiveness in adults [23].
However, higher chest wall and lung compliance in
children may necessitate higher tidal volumes in order
to properly manifest these dynamic parameters such as
PPV, SVV and PVI. Indeed most prospective studies
of fluid responsiveness in children have used tidal vol-
umes of 10 mL/kg [23]. Other variables which may
affect the utility of PVI include altered right ven-
tricular function, pulmonary hypertension or the type
of congenital heart (cyanotic versus non-cyanotic). In
general, none of the patients in the current cohort
had significant concerns of right ventricular failure
or pulmonary hypertension during their preoperative
evaluation; however, the presence of right heart strain
or acute pulmonary hypertension cannot be completely
ruled out during the time of phlebotomy. Given the het-
erogeneous nature of patient cohort, we did not have
ample numbers to identify the impact of these factors
in particular the type of CHD on the PVI responsive-
ness. Future studies are needed to more clearly define
this relationship in the pediatric population.

PI is an important consideration when interpreting
PVI. Depending on the clinical circumstance, PI may
either act as an adjunct to determining fluid respon-
siveness or may derange the PVI value. Variables such
as surgical stress, adrenergic agonists, and temperature
can alter PI, and thus, PVI [24]. Under these circum-
stances, PVI likely becomes less useful as a measure
of fluid status. However, when these confounders are
absent, the change in PI may increase the sensitiv-
ity of PVI as a measure of fluid responsiveness [25].
This study did show a significant decrease in PI, which
we attribute to intravascular depletion. Measurements
during this study were taken during a time of mini-
mal nociceptive stimulation, a deep level of anesthesia,
and constant temperature. Additional considerations
include the study population, as well as our PVI cutoff
value of 14%. This study was done in pediatric patients
with varying forms of CHD. While this heterogeneous
group of patients is not the ideal cohort to study a
marker of fluid responsiveness, this study would not
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be ethically feasible in any other group of patients.
Regarding our PVI cutoff, values of 9.5% to 17% have
been reported in the literature [26]. Our cutoff of 14%
was chosen after taking many of these previous stud-
ies into account. Other cutoff values could have been
justified however.

In this institution, the clinical practice for periop-
erative phlebotomy differs somewhat from which is
classically described in the literature. Blood removed
during isovolemic hemodilution is generally replaced
in a 3:1 ratio. When large volumes of crystalloids are
administered, the secondary dilution induced by the
initiation of CPB may result in an unacceptably low
hematocrit during CPB and the need for allogeneic
blood transfusion. In our practice, the amount of crys-
talloid administered is based on cerebral oxygenation,
as assessed by NIRS, and monitoring of vital signs [16].
As such, the amount of crystalloid given is often far less
than the traditional 3:1 ratio would suggest. In those
patients who successfully adhered to our fluid restric-
tion, the PVI did increase in an expected manner. Simi-
larly, those with a higher starting PVI tended to require
more fluid based on hemodynamic and NIRS trends.

In conclusion, the present data suggest that patients
with a pre-phlebotomy PVI > 14% required greater
fluid replacement than those with a PVI ≤14%. Those
who successfully adhered to our desired fluid restric-
tion did have a significant increase in PVI after
phlebotomy of approximately 10 mL/kg of blood.
While it’s difficult to draw definitive conclusions from
this observational study, our data suggest potential for
PVI to help guide our phlebotomy practice prior to
congenital cardiac surgery. Although we did not assess
stroke volume and true fluid responsiveness, our results
do support the need for further studies of PVI in pedi-
atric patients. Continued research is needed to better
delineate the utility of PVI in this unique group of
patients.
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