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ABSTRACT: 1033
Background: The most frequent causes of outpatient department visits in underdeveloped countries are
infections and fever. The main reason for hospital deaths is severe sepsis. Serious sepsis and septic
shock cause 50% of fatalities. Within the initial 24 hours after the beginning of septic shock, deaths
happen.

Aim:In this study, the serial inferior vena cava (IVC) dimension in children with septic shock was
examined, as well as its link to a clinical cardiopulmonary-cerebral examination.

Methods: Children with septic shock who were revived in the emergency room were the subject of
prospective observational research. Participants ranged in age from 1 month to 12 years. Serial
ultrasonography measurements of the IVC/aorta ratio were performed before and after the
administration of each 10 ml/kg fluid bolus over the course of 20 minutes. Chi-square tests were used to
establish whether or not the statistical differences between assessing fluid status using clinical
measurements and assessing fluid status after fluid boluses were really significant.

Results:The final analysis comprised 100 patients that were enrolled. Following fluid boluses, there were
substantial relationships between blood pressure, capillary refill time, pulse volume, heart rate, and
IVC/aorta ratio that were significant (P 0.05) throughout several evaluations.

Conclusions:Clinical evaluation and volume status were statistically substantially correlated with
IVC/aorta ratio. IVC/aorta ratio analysis alone did not seem to be helpful. Serial IVC/aorta ratio
measures proved statistically significant in assessing the fluid status of children with septic shock during
resuscitation in the emergency department.
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Introduction:

It is crucial to identify the shock as soon as
possible [1]. The most frequent causes of
outpatient department visits in underdeveloped
countries are infections and fever. The main
reason for hospital deaths is severe sepsis.
Serious sepsis and septic shock cause 50% of
fatalities. Within the initial 24 hours after the
beginning of septic shock, deaths happen [2].
One of the most important steps in the
treatment of children with septic shock is the
prediction of fluid responsiveness. No clinical
symptom, sign, or laboratory test has been
shown to have sufficient specificity
and sensitivity to predict fluid receptivity up
until this point.Rapid, non-invasive, painless
bedside ultrasonography may be employed for
ongoing evaluation in the emergency
department. A good objective method for
determining cerebral volume status and fluid
response may be ultrasound. [3]

The inferior vena cava is a significant vein with
low pressure. [4] The extra intravascular volume
manifests as venous expansion, which s
partially reproduced by variations in venous
pressure. The descending aorta's size s
unaffected despite a major shift in volume
status. [5] In pediatric age groups, the IVC/aorta
ratio has been used as a measure of volume
status on the assumption that the aortic
diameter does not change much with the
amount of fluid flowing.In children with septic
shock, our work is the first ultrasonography
investigation to connect serial IVC dimension
measurement with clinical cardiopulmonary-
cerebral evaluation. Unfortunately, there aren't
many literature reviews accessible for this
study's subject. The outcome of our study
demonstrates the need to serially determine
the IVC/aorta ratio when evaluating the volume
status of children with septic shock.
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METHODS:

The research excluded children with intubated
cases of septic shock and those with shock
brought on by non-infectious causes (congenital
heart disease, inborn metabolism error, trauma,
asthma, envenomation, and idiopathic status
epileptics). Between May 2022 and December
2022, a prospective observational study on
Fatima Memorial Hospital Lahore for septic
shock ranging in age from 30 days to 12 years
was conducted. The parent or legal guardian
provided their written, fully informed
permission in a language they could easily
understand. When the septic shock was
diagnosed, the results of a series of fast
cardiopulmonary cerebral assessments as well
as the IVC dimension were recorded. Only after
creating a pleasant atmosphere  with
toys, music, videos, colors, etc., and with
parental assistance appropriate to the
children's ages, were measurements taken.The
kids were laid down in the supine position while
measurements were taken. Measurements
were made in children who were breathing on
their own for septic shock. The IVC and aorta
were measured using bedside ultrasound
technology before and after each 20-minute IV
fluid bolus administration of 10 ml/kg.

The LOGIQ-100 GE Portable Ultrasound
Machine with the C60 curvilinear convex probe
was the tool used in this study. The subxiphoid
region was the location of the probe. Gas from
the intestines was not displaced using graded
compression. To measure the vessels, we also
took great care not to squeeze the abdomen.
Using a 5-7.5 MHz probe, a transverse
examination was used to identify the vena cava
and aorta. The probe's orientation was then set
to a longitudinal plane that passed across the
vena cava and aorta. Pulsation allowed for the
identification of the aorta, and its millimeter
diameter was measured. With cranial
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angulation, the heart was localized in this plane.
The site of the point where hepatic veins flow
into the IVC was then identified by lowering the
angulation. The measurement was made at 2-3
cm from the right atrial boundary in a long-axis
perspective to standardize and enhance the
data.

The primary conclusion of our research is that it
can be shown that serial assessment of
IVC/aorta ratios is very beneficial in determining
the volume status of children with septic shock.
It has also been reestablished that early
diagnosis and treatment of septic shock with
sufficient, suitable, rapid fluid administrations
promote fast healing, lower morbidity, and
mortality, and shorten hospital stays. After
resuscitation, a chest X-ray was taken. The
pediatrician who was dealing with the child
inferred the chest X-ray results as normal and
evocative of fluid overload and
bronchopneumonia. Children in septic shock
were monitored until they recovered or passed
away, and the sum of their hospital stays was
recorded. The Chi-square, paired t-test, ANOVA,
and SPSS version 26 were used to analyze the
data.

Millimeters were used to measure everything.
Following a 20-minute bolus infusion of 10
ml/kg in the same region of the abdomen, the
measures were taken once again right once.
Although the IVC and aorta diameter ratio is
constant across all age groups in children, the
size of the vessels does vary with age.Instead of
using the IVC diameter alone, our study made
use of the ratio between the IVC and aorta
diameter. The aorta diameter may be utilized as
an internal control for each patient since it
should stay consistent independent of the
patient's degree of hydration.

RESULTS:

IVC/aorta ratios before and after fluid boluses
were substantially different using paired t-tests
(P-value = 0.001). Upon entry into the
emergency department, the study's average
IVC/aorta ratio was 0.85 cm. After fluid boluses,
the mean |IVC/aorta ratio was 1.18 cm.
IVC/aorta ratios before and after fluid boluses
varied on average by 0.33 cm (P-value = 0.001).
[Table 2].IVC/aorta ratio and chest X-ray results
indicative of normal, bronchopneumonia, and
fluid overload, were significantly different (P-
value <0.05) from each other, according to an
analysis using ANOVA. When the mean
IVC/aorta ratio was more than 1.2 cm, the
likelihood of fluid overload increased [Table 3].
The findings reached after the most recent
IVC/aorta ratio measurement was highly
associated with the changes shown in the chest
X-ray pictures.

With septic shock as their primary diagnosis,
100 patients were recruited in the trial.
IVC/aorta ratios ranged from 0.8 to 1.2 cm for
about 78 (78%) children and 0.8 cm for 22 (22%)
of the study population's new arrivals [Table 1].
Using the Chi-square test, a substantial strong
connection between blood pressure, capillary
refill time, pulse volume, heart rate, and
IVC/aorta ratio was discovered throughout
numerous evaluations after fluid boluses, with a
P-value < 0.05 indicating this. When numerous
measurements were conducted after fluid
boluses, a statistically insignificant correlation
between the core-periphery temperature
difference, respiratory rate, liver span, and
IVC/aorta ratio was discovered [Table 4].When
hospital stays were longer (>7 days), the mean
IVC/aorta ratio was >1.2 cm [Table 5]. The final
IVC/aorta ratio and death rate showed no
statistically significant change [Table 6].

Table 1: Aorta/inferior vena cava ratio among the study's participants

IVC/aorta ratio <0.8 0.8-1.2 | Total
Frequency 22 78 100
% 22 78 100
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Table 2: Comparing the ratio of the first and final inferior vena cava to the aorta

1st .
Paired samples statistics IVC/aorta ratio Last [VC/aorta ratio
Mean 0.854 1.1769
Standard Deviation 0.15286 0.1457
p-value 0.001

Table 3: The relationship between chest X-ray findings and the last inferior vena cava/aorta ratio

Chest X-ray Fluid overload Bronchopneumonia | Normal p-value
Mean 1.2546 1.1889 1.1341 0.002
Standard

Last IVC/aorta ratio Deviation 0.17525 0.11924 0.12543

Table 4: P values reflecting the relationship between respiratory rate, blood pressure, liver span, core-
periphery temperature, capillary refill time, heart rate, and, pulse volume with inferior vena cava/aorta

ratio.
IVC/aorta RR BP Liver span CPT CRT Pulse volume HR
On Arrival 0.008 0.401 0.386 0.667 0.460 0.057 0.548
1st bolus 0.254 0.091 0.966 0.014 0.171 0.001 0.026
2nd bolus 0.754 0.001 0.999 0.365 0.254 0.009 0.029
3rd bolus 0.989 0.002 0.873 0.636 0.001 0.000 0.000
4th bolus 0.983 0.000 0.866 0.164 0.000 0.000 0.000

Table 5: A comparison of the final inferior vena cava/aorta ratio and the length of stay

Stay Duration (days) >14 7-14 <7
Mean 1.3033 1.1985 | 1.1541
Last IVC/aorta ratio Standard Deviation 0.04844 0.153 0.14168

Table 6: A comparison of the previous inferior vena cava/aorta ratio and the result

Outcome Death Recovery
. Mean 1.202 1.1661
Last IVC/aorta ratio —
Standard Deviation 0.16532 | 0.1363

DISCUSSIONS:

In our study, changes in blood pressure,
capillary refill time, pulse volume, and heart
rate were well correlated with changes in
IVC/aortic ratio (statistically significant P-value
< 0.05). IVC/aorta was shown to be correlated
with the core-periphery temperature gap,
respiratory rate, and liver span during the
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administration of the fluid boluses, however,
this link was statistically insignificant. Children
who were ventilated and intubated were
omitted since the outcomes may alter as the
intrathoracic pressure changes. Accurate body
fluid evaluation is usually difficult in kids with
septic shock, and careful examination of volume
status is required to inform fluid management.
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Effective therapy depends on early diagnosis of
septic shock and fluid responsiveness
prediction. In the emergency department,
determining the intravascular volume status is
crucial to determining if a kid is experiencing
fluid overload or volume repletion.

In a pilot investigation, it was discovered that
bedside ultrasound could be used to determine
volume status and that, in a surgical critical care
unit, bedside ultrasound measurements of IVC
diameter and temporary disabilities indices
were reliable substitutes for central venous
pressure. IVC diameter was measured 2 cm
below the hepatic vein junction. They
discovered that central venous pressure and
ultrasonography data were equivalent to expert
clinical opinion. [6] IVC diameter may also be an
effective way to gauge dry weight, according to
one research. [7,8] In a pediatric population,
related research found a comparable level of
effectiveness when considering IVC diameters
in proportion to body surface areas (BSA).
[9,10]

IVC measurements were compared to those of
atrial natriuretic peptide and central venous
pressure in this study. The IVC diameter was the
only focus of the authors' studies. IVC diameter
and atrial natriuretic peptide levels decreased in
dialysis patients. They suggested that although
repeated measures of IVC diameter may be
used to infer intravascular state, the interstitial
volume could not be properly predicted. They
also stated that the [IVC diameter
measurements were repeatable. [11] According
to the results of another research,
measurements obtained soon after
hemodialysis may not be reliable indicators of
dry weight. [12] An index of IVC diameter to
BSA was used in research to calculate dry
weight in hemodialysis patients, and it was
discovered that this index provided a more
accurate estimate of dry weight than clinical
judgment. The authors proposed that the
optimal IVC diameter values fall between 8 and
11.5 mm/m2 of BSA based on information from
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the adult hemodialysis patients in the sample
that was evaluated. The juvenile and adult
populations lack precise reference values for
IVC diameter. [13]

An earlier study discovered that sympathetic
stimulation did not affect the abdominal aorta's
mechanical  characteristics.  Changes in
intravascular volume shouldn't cause much of
an aortic diameter change. [14] Another
research discovered that in trauma patients, IVC
diameter and volume status had a strong
correlation. [15,16] IVC diameter was also
demonstrated to be connected with volume
status in trauma patients, and the abdominal
aorta's breadth remained stable despite
considerable blood loss in a study of adults in
hypovolemic shock. [17] The aorta diameter
remained constant in our investigation as well,
regardless of fluid boluses. As a result, the
aortic diameter served as the study's control,
and the IVC/aortic diameter ratio variations
were measured. Between the first and last
IVC/aorta ratios, there is an average difference
of 0.33 cm (P-value = 0.001).

Only the intravascular fluid state is assessed by
bedside ultrasonography. It doesn't take into
account other metabolic abnormalities such as
acidosis, hypoglycemia, or electrolyte
alterations that are typical in children with
septic shock. Future research is required to
increase the diagnostic value of the IVC/aorta
ratio in pediatric septic shock patients.
According to research, internal medicine
residents might be taught to utilize portable
ultrasonography tools in traditional
transthoracic echocardiograms at a "fairly quick
pace." [18] Tidal volume varies from breath to
breathe in weeping or vigorously "sniffing"
youngsters, which has an impact on the IVC's
inspiratory collapse. In our research, only placid
kids had their measurements recorded, and
parents also assisted in calming down the kids.
Septic shock in children made them tired and
less energetic than normal. Another study
discovered that hand-carried ultrasounds may
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be used by fourth-year medical students and
that doing so aided in making diagnoses at the
bedside. [19,20]

CONCLUSIONS:

An efficient, painless, objective, and less
expensive tool for assessing the volume status
of shock during resuscitation was a bedside
ultrasound. IVC/aorta ratio could not be shown
to be a reliable, independent screening tool,
despite statistically significant associations with
volume status and clinical evaluation. IVC/aorta
ratio analysis in isolation did not seem to be
helpful. Serial evaluations of the IVC/aorta ratio
became statistically significant in assessing the
fluid state of pediatric patients with septic
shock who were being revived in the emergency
department.
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