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Abstract

Background: The main goal of hemodynamic resuscitation is to achieve adequate tissue
perfusion. This is initially attempted with intravascular volume expansion (VE). Although central
venous pressure (CVP) role in prediction of fluid responsiveness is controversial, it remains the
most commonly used parameter for detecting volume status in ICU patients. Methods: Forty-
eight critically ill mechanically ventilated children considered for VE by clinical evaluation of
circulatory status were prospectively included. Patients were divided in 2 age groups; group
A:<24 months and group B: =24 months. Patients with Stroke volume variation (SVV) more than
10% after VE were categorized as volume responders. CVP values were noted before and after
VE in the responder and non-responder groups. Results: For group A (<24 m); CVP had no
statistical value in prediction of fluid responsiveness (p=0.083), however; in the total study
population, and in group B (=24m) it had value (p=0.001) in predicting responders with a
sensitivity, specificity and cut off values of 88%,64% and < 10 respectively in the total study
population and 100%,88% and <11 respectively in group B. Also, both had good correlation
with SVV that was better with group B (r=-0.778) than with total population (r=-0.454).
Conclusion: CVP role in prediction of fluid responsiveness is un reliable in infant and young
children (<24m), while in older children it is valuable in guiding fluid therapy together with the
other dynamic variables.
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1. Background

CVP is frequently used to assess the complex
circulatory status of critically ill patients (Li et
al.,2017). It continues to be widely used in guiding
fluid therapy (Cecconi et al.,2015) and s
recommended to guide fluid therapy in patients with
septic shock (Dellinger et al.,2013).

CVP is a good approximation of right atrial pressure, and
therefore it has been assumed as a good indicator of
right ventricular preload and intravascular volume status
(Berlin et al.,2015). Based on rationale provided by the
Starling curves and Guyton model on cardiac function,
CVP is determined by the interaction of cardiac function
and venous return. An elevated CVP might indicate an
impediment to the venous return and microcirculatory
blood flow as well as accompanying lung edema and
splanchnic congestion, which may further worsen the
potential organ failure in critical patients (Vellinga et
al.,2013).

But, many factors other than preload status can affect
CVP measurements as congestive heart failure,
constrictive pericardial disease, tension
pneumothorax, positive pressure ventilation, place
of  central  venous  catheter tip  and
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resuscitation/evacuation phases of septic shock, so,
recent studies have challenged the validity of
elevated CVP in critical care settings (Semler et
al.,2016).

Extreme values of CVP are expected to have some
predictive value in critical conditions and CVP may
be considered the downstream pressure of venous
return (Sondergaard et al.,2015). Along this line, a

recent consensus  statement recommended
immediate fluid resuscitation in shock states
associated with very low levels of preload

parameters (e.g. CVP) (Cecconi et al.,2014)

Two European surveys and a Canadian survey
reported that about 90% of intensivists use the CVP
to monitor fluid resuscitation in patients with septic
shock(Mclntyre et al.,2007), (Kastrup et al.,2007).
Evaluating CVP in pediatric patients seems to be a
tedious job, since many variables are considered; as
the difficulty in inserting central lines for all patients,
the difficulty of achieving the optimum line position
due to short necks and wide variety in ages, weights
and anatomy in pediatric population. Since the
literature is scarce in pediatric studies evaluating
CVP, we underwent this study to evaluate its role in
the young children.

Received: 14.11.22, Revised: 11.12.22, Accepted: 15.01.23.


mailto:msm7690@gmail.com

HIV Nursing 2023; 23(3): 1089-1094
2. Methods

Population of study & disease condition

We conducted the study in pediatric intensive care unit
(PICU) in Cairo University Hospitals, on critically ill
mechanically ventilated pediatric patients considered for
volume expansion by clinical evaluation of circulatory
status.

Study design: Prospective observational study.
Inclusion criteria

Critically ill mechanically ventilated children, 1 month to
13 years of age, considered for volume expansion by
clinical evaluation of circulatory status e.g. prolonged
capillary refill, tachycardia and hypotension.

Exclusion criteria

1. Ages below 1 month or more than 13 years.
2. Patient with refractory septic shock.

3. Patients with known congenital heart
diseases.

4. Patients with status athmaticus.

5. Patients who are not mechanically
ventilated.

6. Contraindication to fluid overload such as
acute kidney injury.

7. Shocked patients who require immediate
fluid resuscitation

Interventions

8. This was a single prospective study involving

48 patients admitted to pediatric intensive care unit
from June 2020 December 2021.

9. Critically ill children fulfilling inclusion criteria
who have received initial fluid resuscitation (40
ml/kg) but still showing signs of tissue hyopoxia will
be assessed for CVP and Stoke volume (SV) before
and after further volume expansion (VE).

10. Volume responders (R) will be patients

showing SVV of at least 10%
Informed consent was obtained from all

11.

The Reliability of CVP in Predicting Fluid Responsiveness....

included patients by one of the legal guardians.
All patients who fulfilled the inclusion

criteria were subjected to
Doppler Echocardiography Measurement

SV was assessed immediately before and after fluid
challenge using echocardiography (GE vivid 7;GE
Vingmed Ultrasound AS, N-3190, GE, Horten, Norway).
In the left parasternal view, the diameter of the aorta was
measured at the level of the aortic valve insertion. The
left ventricular outflow tract (LVOT) area was measured
using the following equation: (LVOT area= 0.785x
[diameter of the aorta at the level of annuls]). Velocity
time integral (VTI) of aortic blood flow is equivalent to the
product of the mean velocity (obtained by tracing the
spectrum of LVOT flow) and ejection time. Pulsed-wave
Doppler signal from the five chambers’ apical view was
directed parallel to flow through the LVOT below the
aortic valve and the velocity was recorded (cm/s). The SV
was calculated by the device using the equation:
(SV=VTIxLVOT area).
According to previous studies, we adopted that SVV
>10% was valid to signify fluid responsiveness .
SVV is assessed by both systems using the following
equation: SVV (%) = (SVmax - SVmin)/SVmean (Hofer
et al.,2005).
Central venous pressure: manual measurement by
disposable CVP manometer set, with zero point at
the level of the right atrium( the 4th intercostal space
in the mid-axillary line) while the patient is lying
supine, each time at the same zero position.
Volume expansion: after measuring the previous
variables, bolus fluid volume of 10 ml/kg crystalloids
solution is administered over 10 minutes then all the
variables are remeasured.

3. Results

For the total number of patients who had
CVP readings(n=48)

Fluid responsiveness
Total (n = 48) p
Non-responders (n = 14) Responders (n = 34)
Before
Min. — Max. 1.0 -17.0 1.0 -17.0 2.0 -15.0
Mean = SD. 8.35 +3.53 10.79 +3.70 7.35 +2.97 0.001"
Median (IQR) 8.0 (6.0 —11.0) 11.50 (9.0 -13.0) 8.0 (6.0 -9.0)
% After
Min. — Max. 4.0 -19.0 5.0 -19.0 4.0 -17.0
Mean = SD. 10.44 +3.48 12.71 +3.83 9.50 +2.89 0.003"
Median (IQR) 10.0 (8.0 -12.50) 12.50 (10.0 -16.0) 10.0 (8.0 —11.0)
(po) ,p0<0.001° p0<0.001* 00<0.001"
IQR: Inter quartile range, SD: Standard deviation, p:p value for comparing between non-responders and responders, p0:
p value for comparing between before and after *: Statistically significant at p < 0.05
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Figure (1): ROC curve for CVP and its ability of predicting volume responders (SVV>10%) (n=34) from non-responder
(SVV<10%) (n=14) in the total study group who had CVP readings (n=48).
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AUC: Area Under a Curve, p value: Probability value , Cl: Confidence Intervals , NPV: Negative predictive value , PPV:
Positive predictive value , *: Statistically significant at p < 0.05

For patients < 24 months who had CVP readings (n=29)

Fluid responsiveness
Non-responders (n = 7) Responders (n = 22)

CVP
Mean = SD. 9.14 +4.74 6.86 +3.15
Median (Min. — Max.) 9.0(1.0 -17.0) 7.0 (2.0 -15.0)

SD: Standard deviation, p:p value for comparing between non-responders and responders, *: Statistically significant at p
< 0.05
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Figure (2): ROC curve for CVP and its ability of predicting volume responders (SVV>10%) (n=22) from non-responder
(SVV<10%) (n=7) in patients who had CVP readings in group A(<24m) (n=29).
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AUC: Area Under a Curve, p value: Probability value , Cl: Confidence Intervals , NPV: Negative predictive value , PPV:
Positive predictive value , *: Statistically significant at p < 0.05

For patients = 24 months who had CVP readings (n=19)

Fluid responsiveness p
Non-responders (n = 7) Responders (n = 12)
CVP
Mean = SD. 12.43 +0.98 8.25 +2.49 0.001*
Median (Min. — Max.) 12.0 (11.0 —14.0) 8.50 (2.0 —11.0) ’

SD: Standard deviation, p:p value for comparing between non-responders and responders, *: Statistically significant at p
< 0.05
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Figure (3): ROC curve for CVP and its ability of in predicting volume responders (SVV>10%) (n=12) from non-
responder (SVV<10%) (n=7) in patients who had CVP readings in group B(> 24m) (n=19).
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AUC: Area Under a Curve, p value: Probability value , Cl: Confidence Intervals , NPV: Negative predictive value , PPV:
Positive predictive value , *: Statistically significant at p < 0.05

For patients who had CVP readings in total study population (n=48), group A(<24m) (n=29)
and group B (=24m) (n=19)

_ Age
SVV% vs. Ve Srmglie 1 = e <24 month (n = 29) >24 months (n = 19)
rs P rs P rs P
CVP -0.454 0.001* -0.292 0.124 -0.778 <0.001*

rs: Spearman coefficient , Statistically significant at p < 0.05
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Figure (4): Correlation between SVV and CVP before
fluid loading in patients who had CVP readings in total
study population (n=48),

4. Discussion

For group A (<24 m); CVP had no statistical value in
prediction of fluid responsiveness (p=0.083),
however; in the total study population, and in group
B (=224m) it had value (p=0.001) in predicting
responders with a sensitivity, specificity and cut off
values of 88%,64% and < 10 respectively in the total
study population and 100%,88% and <11
respectively in group B. Also, both had good
correlation with SVV that was better with group B (r=-
0.778) than with total population (r=-0.454).

These results goes with Seung et al., 2018 who
studied 226 patients aging 6 months to 14.4 years at
PICU settings and found that patients with CVP > 12-
mmHg had significantly greater mortality rates
(50.0%, p=0.002) than those with CVP <12mmHg
(Seung et al., 2018).

Also, The European Society of Paediatric and
Neonatal Intensive Care (ESPNIC) recommendations
for hemodynamic monitoring for critically ill children
strongly suggested the evaluation of CVP values and
wave morphology as part of multi-modal
hemodynamic monitoring not a solo-parameter to
assess the intravascular volume and cardiac function
with special focus on CVP trend in response to fluids
and vasoactive therapy especially in refractory shock
(Yogen et al.,2020).

Besides, 2 meta-analysis on adult patients showed
the role of CVP in critical illness; Eskesen et al., 2016
meta-analysis included 1148 patient from 51 studies
and showed that specific lower and higher CVP
values had some positive and negative predictive
value for fluid responsiveness, respectively, but none
of the predictive values were above 66 % for any
CVPs from 0 to 20 mmHg. There were less data on
higher CVPs, in particular >15 mmHg, making the
estimates on predictive values less precise for higher
CVP, while Dong et al.,2017 included more than
9000 patients in his retrospective analysis and found
that elevated central venous pressure level
correlated with poor outcomes and prolonged
treatment in critical care settings (Eskesen et al.,
2016),( Dong et al.,2017).

Also, Biais et al., 2014 mentioned that the predictive
value of extreme CVP readings (CVP < 6-8 mmHg
and CVP > 12-15 mmHgq) is satisfactory in his adult
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study (Biais et al., 2014).

On the other hand many pediatric studies found that
CVP had no predictive value in children; Renner et
al., 2012 conducted his study on 26 neonates and
infants undergoing congenital heart surgery, Byon et
al., 2013 had a study on 33 children below the age
of 9 years undergoing neurosurgery, Sasidaran et
al.,2012 had a total of 166 fluid boluses and CVP
measurments Gan et al., 2013 had a systemic review
that included 12 studies involving 501fluid boluses
on children aging from 1 day to 17.8 years. All the
data from the former studies came out suggesting
the non-reliable role of CVP in pediatrics (Renner et
al.,, 2012),( Byon et al., 2013),( Sasidaran et
al.,2012),( Gan et al., 2013).

This variety in results regarding the role of CVP in
prediction of fluid responsiveness in pediatrics may
be attributed to the wide age spectrum of pediatric
population in these different studies (from 1day to 17
years old patients).

Besides, the patients in the former studies were
exposed to different settings while assessment of
their CVPs; some patients were assessed during
induction of anesthesia at different types of
operations  (open heart  surgeries  and
neurosurgeries), others had septic shock and were
assessed at PICU settings . Also, not all the patient
were  mechanically  ventilated during their
assessment.

These different circumstances may explain the
contradictory results regarding CVP role in
prediction of fluid responsiveness in pediatrics. But
we recommend that CVP should be used together
with other dynamic variables to guide fluid therapy
in children at PICU especially in older children.
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