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Abstract 

Introduction: Septic shock is a complication of sepsis leading to circulatory and metabolic abnormalities. Cardiac ultrasound 

allows the assessment of vascular filling by measuring the diameter of the IVC (inferior vena cava) and detecting myocardial 

dysfunction. Objective: To assess the contribution of IVC ultrasound in the management of septic shock in children in the 

pediatric department of CHU-MEL. Methods: This was a prospective, descriptive, and analytical study conducted over a period 

of four months (February 2 to May 31, 2024). Results: The prevalence of septic shock was 4.9%. The most affected age group 

was infants under 12 months (62.5%). The most significant failures were renal (78.1%) and neurological (71.9%). The total 

amount of fluids administered with vascular filling monitoring by IVC ultrasound varied from 0 to 65ml/kg. It was adapted to 

each child based on IVC dilation. The vasoactive drug of choice was norepinephrine. Shock resolution was achieved in 31.3%. 

The mortality rate was 84.4%. Conclusion: IVC ultrasound helped avoid both hypovolemia and harmful excessive fluid 

administration by adapting the amount of fluids to each child based on their IVC diameter. Adequate training in bedside 

echocardiography would allow pediatricians to improve the hemodynamic management of septic shock in children. 
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1. Introduction 

Septic shock is a public health issue worldwide, especially 

in developing countries. In 2017, there were 48.9 million 

cases of septic shock globally, with 11 million deaths [1]. 

Nearly half of these cases involved children under five years 

old. Additionally, 2.9 million of the recorded deaths were 

among these children [1]. The management of septic shock is 

based on two pillars: infection control and hemodynamic 

stabilization. Crystalloids are the fluid of choice for hemo-

dynamic stabilization, and norepinephrine is the first-line 

vasopressor in case of fluid resuscitation failure [2]. Vascular 
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filling must neither be insufficient nor cause harmful fluid 

overload. In this respect, cardiac ultrasound allows the as-

sessment of vascular filling by measuring the IVC diameter 

and simultaneously detecting potential myocardial dysfunc-

tion. In a 2013 Indian study, cases of non-response to fluid 

resuscitation associated with vasopressors were related to 

insufficient filling or myocardial dysfunction [3]. Cardiac 

ultrasound also helps avoid excessive filling that could lead 

from vasoplegia to acute pulmonary edema [4]. 

The objective of this study was to assess the contribution of 

IVC ultrasound in vascular filling during the management of 

septic shock in children in the pediatric department of 

CHU-MEL in 2024. 

2. Patients and Methods 

This was a prospective, descriptive, and analytical study 

conducted over a period of four months from February 2, 

2024, to May 31, 2024. It included children admitted to the 

pediatric department of CHU-MEL who were diagnosed with 

septic shock during the study period. Sepsis was defined as 

arterial hypotension requiring vasopressors to maintain a 

mean arterial pressure (MAP) of 65 mmHg or higher, a blood 

lactate level above 2 mmol/liter, and a SOFA score above 2. 

The patients were aged from one month to 17 years old. IVC 

ultrasound was performed before any fluid resuscitation and 

adrenaline administration and also after vascular filling. 

Filling was done in the presence of a collapsed IVC and 

repeated until a normal diameter was achieved. The fluid used 

for resuscitation was isotonic saline for well-nourished chil-

dren and a DARROW equivalent (a solution comprising equal 

parts of saline and 5% glucose) for severely malnourished 

children. The amount of fluid administered varied from 10 to 

20 ml/kg per resuscitation and was adapted to each child 

based on the IVC dilation measured by ultrasound. 

Norepinephrine was only administered in the persistence of 

shock signs after normalizing blood volume (normal IVC 

diameter on ultrasound). It was initiated immediately upon 

detecting cardiac failure on ultrasound. Data were analyzed 

using Epi Info version 7.2.5.0 and Excel 2013 software. 

Proportions were compared using the chi-square test, and a 

p-value below 0.05 was considered significant. 

3. Results 

During the study period, 774 children were admitted; the 

prevalence of sepsis was 9.9% (n=77), and septic shock was 

4.9% (n=38). Only 32 children were included in the study. 

Non-performance of IVC ultrasound (n=4) and administration 

of adrenaline before ultrasound (n=2) were reasons for 

non-inclusion. 

The average age was nine months, ranging from four to 48 

months. The most represented age group was infants under 

one year. Females predominated with a sex ratio of 0.68. 

All children had cold extremities and imperceptible pulses, 

and 78.1% had prolonged capillary refill time (n=25). Before 

the first resuscitation, 68.8% had arterial hypotension (n=22). 

After the first resuscitation, arterial hypotension was observed 

in 75% of children (n=24) and persisted after the second 

resuscitation. 

The most common organ failures were renal (78.1%), 

neurological (71.9%), cardiovascular (9.4%), hematological 

(6.1%), and hepatic (3.1%). 

Infection sources were distributed as follows: 96.9% pul-

monary, 75% meningeal, 50% digestive, 37.1% cutaneous, 

and 3.1% urinary as well as ENT. 

Coma was associated with septic shock in 71.9% of chil-

dren (n=23). No child had jaundice, but 28.1% had hepato-

megaly (n=9), and 18.8% experienced bleeding (n=6). 

Bacteriologically, 24 blood cultures were effectively col-

lected and processed. Nine cultures were contributive out of 

the 24 performed. The identified pathogens were Staphylo-

coccus aureus (n=3), Burkholderia cepacia (n=2), Strepto-

coccus pneumoniae (n=1), Serratia marcescens (n=1), 

Pseudomonas aeruginosa (n=1), and Acinetobacter sp (n=1). 

A total of 31 children received fluid resuscitation. 

 
Figure 1. IVC Ultrasound Image (collapsed in A and plethoric in B). 

The IVC was collapsed in 31 out of the 32 included chil-

dren, as shown in image A of Figure 1. At the end of the first 

resuscitation, four children (12.5%) had regained a normal 

IVC diameter (Figure 1), 25 required a second resuscitation, 

and two required three resuscitations. 

All children received a vasoactive drug, specifically nore-

pinephrine. One child also received dobutamine for associated 

cardiogenic shock. 

Follow-ups were challenging, with facial swelling without 

signs of acute pulmonary edema (n=3) and oliguria (n=5). 

Shock resolution was effective in ten children, and favora-

ble outcomes were observed in five. The mortality rate was 

84.4% (n=27). 

4. Discussion 

The prevalence of septic shock in this study was 4.9%. This 

result is similar to that found in 2019 in the intensive care unit 

of CNHU [5]. Although their study involved an adult popu-

lation, the prevalence of septic shock was 4.7%. This inci-
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dence is twice as high as that found in Mali in 2018 in a 

pediatric population (2.4% frequency) [6]. This could be 

explained by the increasing incidence of septic shock de-

scribed in the literature [7]. 

The average age of the children was nine months, with the 

most affected age group being infants under one year old 

(62.5%). This result is similar to the one found in 2018 at 

CHU Gabriel TOURE in Mali in children aged one month to 

15 years; the most affected age group was infants under two 

years old (53.49%) [6]. The observed variation could be 

explained by the fact that their study did not distinguish the 

age group from one to two years (grouped as one month to 

two years), unlike the present study which segmented it into 

two distinct groups: one month to one year, and one to two 

years [6]. This result is consistent with literature data which 

estimate that the incidence is highest among infants [8]. 

The study population was predominantly female with a sex 

ratio of 0.68. This result is also similar to that of the Malian 

team with 74% girls [6]. 

All the children had cold extremities with an imperceptible 

pulse and 78% had prolonged capillary refill time. Before the 

first resuscitation, 68.8% had arterial hypotension. After the 

first and second resuscitations, the proportion of arterial 

hypotension was 75%. This result is consistent with literature 

data showing that, unlike in adults, hypotension is not nec-

essary for the diagnosis of septic shock in children, as it is a 

late sign indicative of shock decompensation [9]. 

In this study, the infection foci found were in order of fre-

quency: pulmonary (96.9%), meningeal and digestive (50%), 

cutaneous (37.1%), urinary (3.1%), and ENT (3.1%). A Co-

lombian study also found a predominance of respiratory foci in 

2012 [10]. This predominance was similar to that previously 

found in the department in 2022 [11]. However, osteoarticular 

(48.8%) and cutaneous (23.2%) foci were the most common in 

the Malian study; the observed differences could be due to the 

fact that their study populations included all cases of sepsis, 

whereas here, only septic shock was considered [6]. 

In the first ultrasound, all children except one had a col-

lapsed IVC. This frequency of fluid deficit requiring fluid 

resuscitation in children with septic shock was noted in India 

in 2023 [3]. This hypovolemia was clinically apparent in only 

9.3% of children. Thus, IVC ultrasound allowed us to dis-

tinguish children with hypovolemia (96.8%) from those who 

did not need vascular filling (3.2%). The ultrasound enabled 

the recognition of hypovolemia associated with septic shock, 

early initiation of vasoactive drugs if needed, and avoidance 

of vascular overload. 

Only 12.5% of the children needed a single resuscitation, 

78.1% needed a second resuscitation, and 6.3% needed a third 

resuscitation. The average amount of fluid received was 

40ml/kg, ranging from 0 to 65ml/kg. Similar results were 

found in the literature with fluid boluses between 30 and 

50ml/kg in a population of children whose first ultrasound 

was performed after the first resuscitation [4]. However, in a 

more recent study in India, a larger proportion of children 

needed more than 60 ml/kg of fluid boluses; indeed, there was 

shock resistance in 49.5% of children who received 60ml/kg 

of fluid in the first hour. The most frequent result of the 

echocardiography performed after 60ml/kg was uncorrected 

hypovolemia evidenced by IVC collapse in 12 out of 22 

patients [3]. This higher number is probably due to the fact 

that they only included children who had received at least 

60ml/kg of fluids in their study. Thus, IVC ultrasound enabled 

decision-making on whether to continue or stop vascular 

filling. Each child received the necessary amount of fluids to 

correct their hypovolemia. IVC ultrasound allows the early 

initiation of vasoactive drugs as soon as the fluid deficit is 

corrected. 

Signs of overload, such as palpebral edema and/or facial 

swelling, developed during the course of 9.7% of the study 

population, as also found in the literature [4]. Renal failure 

with oliguria associated with these conditions and the addi-

tional amount of fluids received in the context of blood 

product administration could explain this outcome. There was 

no significant association between the occurrence of overload 

signs and the total amount of fluids received. However, the 

mortality rate was very high, as found in other local studies [5, 

11]. 

5. Conclusion 

From a hemodynamic perspective, IVC ultrasound enabled 

us to diagnose non-apparent hypovolemia associated with 

septic shock in children, avoid excessive fluid resuscitation by 

adapting the amount of fluids to each child based on their IVC 

diameter, verify the effectiveness of vascular filling at the end 

of resuscitation, and initiate vasoactive drugs as soon as 

vascular filling effectiveness was achieved. 

Adequate training in bedside echocardiography would en-

able pediatricians to improve the management of septic shock 

in children. 
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