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Introduction

Despite advances in understanding of the pathophysiology of 
septic shock in the last two decades, mortality due to septic shock 
in children is still high to reach 10-13 % in developed countries 
[1]. The corresponding figures are higher in units from resource-
restricted countries reaching 18-24% in most units and even more 
in few other countries to be 34-58% [2,3].

Refractory septic shock (RSS) is known as the existence 
of hypotension, with end organ dysfunction that necessitate 
high-doses vasopressor support usually exceeds 0.5μg/kg/min 
norepinephrine or equivalent [4]. RSS is associated with mortality 
of up to 60%. Moreover, patients with vasopressor requirements 
more than 1μg/kg/min norepinephrine or equivalent with 
ongoing clinical worsening show higher fatality of 80–90% [5,6]. 

Early recognition and management are critical to reverse 
the shock. The Surviving Sepsis Campaign (SSC) guidelines in 
February 2020 included guidelines for antibiotic administration, 
fluid resuscitation, and the use of vasoactive agents [7,8]. 

Microcirculatory failure and accompanying ischemic sequels 
require alternative therapeutic strategies to improve outcomes in 
septic shock patients and avoid development of RSS.

Echocardiography is considered a key tool for the 
hemodynamic assessment in ICUs through identification of the 
pathophysiology and categorization of shock as distributive, 
hypovolemic, obstructive, or cardiogenic which all may be present 
in septic shock [9]. Therein lies its importance in identification 
of causes hemodynamic instability and thus prompt guidance of 
therapy. Incorporation of serial echocardiography in management 
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of pediatric septic shock provided early recognition of septic 
myocardial dysfunction and hypovolemia that was not apparent 
on clinical assessment and resulted in faster shock reversal, 
less fluid overload, shorter hospital stay, and lower mortality 
compared with the group without serial echocardiography [10].

The rational of the current study was to evaluate the role of 
echocardiography guided management of pediatric septic shock 
in reduction of the incidence of RSS. 

Methods

After approval of the university ethical committee (IRB number 
00007555, April 2019), a retrospective cohort study was carried out 
in a 9-beded pediatric intensive care unit of a university teaching 
hospital. Consents from patients’ parents or legal guardians were 
waived as the study was retrospective and as the results were 
innominate.

Consecutive children aged 1 month to 12 years were included 
if they had septic shock on PICU admission. Pediatric septic 
shock was defined as severe infection leading to cardiovascular 
dysfunction (including hypotension, need for treatment with 
a vasoactive medication, or impaired perfusion) [4,5]. Patient 
who had myocarditis, cardiomyopathy, congenital heart disease, 
trauma, as well as incomplete data were excluded.  Data were 
collected from the computerized filling system of the PICU.

Patients were divided into 2 groups. 

Conventional group: patients admitted from 1st of January 
2009 to 31st of December 2012 who were managed according 
to international guidelines of surviving sepsis campaign without 
echocardiography guidance [11]. 

ECHO group: patients admitted from 1st of January 2013 to 31st 
of December 2019 who were managed using echocardiography to 
optimize cardiac function and volume status. 

Refractory septic shock (RSS) was defined as: the association 
of high blood lactate with high vaso-inotrope doses associated with 
myocardial dysfunction [12] high blood lactae was considered 
when blood lactate >8 mmol/L or 1 mmol/L lactate increase after 
6h of resuscitation. High vaso-inotrope doses were counted when 
vasoactive inotropic score (VIS) was greater than 200 [12]. Vaso-
inotrope score was calculated as (epinephrine + norepinephrinein 
mcg/kg min) × 100 + (dobutamine + dopamine in mcg/kg min) + 
(vasopressin in mcg/kg min) × 10,000 + (milrinone in mcg/kg min) 
× 10] [13]. Myocardial dysfunction was defined as the occurrence 
of a resuscitation-responsive cardiac arrest in pediatric intensive 
care unit or cardiac ultrasound findings with left ventricle ejection 
fraction (LVEF) <25% or a cardiac index <2.2 L/min/m2 [12]. 

Clinical variables including Pediatric Index of Mortality 2 
(PIM2) score at intensive care admission [14], daily Pediatric 
Logistic Organ Dysfunction 2 (PELOD2) score [15], shock reversal 
time (defined as maintenance of SBP <5th centile for age or >70 
mmHg from 1 mo-1yr, [age ×2+70] from 1-10 years, and a SBP 

of at least 90 mmHg in children >10 years; without vasopressor 
support for at least 24 hours) [16] were extracted from the patient 
data. Disseminated intravascular coagulopathy (DIC) score was 
calculated using the the International Society on Thrombosis and 
Haemostasis (ISTH) scoring system which include prothrombin 
time, fibrinogen, platelet count, and D-dimer. A score of 5 or 
greater indicated overt DIC [17]. The patients’ outcome, duration 
of invasive mechanical ventilation and PICU stay were recorded.

For the ECHO group, transthoracic echocardiography 
was performed, using Echocardiography Doppler Philips HD 
11XE system (model: Philips 989605325131, USA). Detailed 
echocardiographic findings using 2 dimensional (B mode), M 
mode, pulsed Doppler were obtained. Therapy was adjusted in 
the ECHO group according to the echocardiographic findings. 
Firstly, to guide fluid therapy; when IVC was collapsed or >50% 
respirophasic variation, fluid boluses were continued and when 
IVC was normal or full of minimal respirophasic variation, fluid 
boluses were discontinued or slowed. Secondly, when septic 
myocardial dysfunction (SMD) was present, inotropes were 
started. Ascending and descending titration of inotropes was 
guided by the echocardiography findings. Echocardiography was 
done at time of admission and serially before and after changes in 
treatments then daily till patient is discharged or deceased. 

Statistical methods

Data were collected, revised, coded and fed to statistical 
software SPSS IBM version 20. For comparison between two 
independent groups (conventional and echo groups); Chi 
square test and Monte Carlo exact probability were used to test 
for differences at percentages while Mann-Whitney test and 
independent samples t-test were used for comparing median and 
means, respectively. Expected variables affecting RSS, namely, age, 
sex, source of infection, PIM2 score, PELOD2 score, DIC, serum 
lactate and VIS, were candidate factors for univariate analysis for 
predicting the most significant factors associated with RSS. Those 
significant on univariate analysis were subjected to a multivariate 
logistic regression model to identify independent variables 
affecting development of RSS.

Results

Total PICU admissions were 2512 during the study period in 
which 768 (30.5%) children had septic shock.  Hundred eighty-
seven (24.3%) children were excluded as pre-specified exclusion 
criteria. Five hundred eighty-one children (75.6%) were included 
in which 185 children (31.8%) were enrolled in the conventional 
group while 396 children (68.2%) were included in the ECHO 
group (Figure 1). Comparison between the two groups as regard 
the base line characteristics and assessment was shown in Table 
1. Laboratory findings were shown in Table 2. There was no 
significant difference between the two groups as regards initial 
serum lactate. However, rising lactate ≥1 mmol/L after 6 hours 
significantly predominate among children in the conventional 
group. 
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Table 1: Comparison between the studied groups as regard the base line characteristics and assessment.

Conventional group (n = 185) Echo group (n = 396) p

Agea (months) 17.34 ± 28.44 21.43 ± 33.54 tp=0.071

Sex n (%)

   Male 104(56.2%) 211(53.3%)
χ2p= 0.509

  Female 81(43.8%) 185(46.7%)

PIM2 scorea 53.57 ± 27.95 50.54 ± 27.6 tp= 0.214

Patient immunity n(%)

    Immune deficient# 25(13.3%) 44(11.1%)
χ2p=0.748

    Immune competent 160(86.7%) 352(88.9%)

Focus of infection n (%)

MCp= 0.162

Blood stream infection 65 (35.1%) 181 (45.7%)

Pulmonary infection 40 (21.6%) 64 (16.2%)

Meningeo-encephalitis 41 (22.2%) 79 (19.9%)

Gastrointestinal infection 36 (19.5%) 62 (15.7%)

Skin infection 3 (1.6%) 9 (2.3%)

Septic arthritis 0 (0.0%) 1 (0.3%)

Days of mechanical ventilation 4(1.0 – 22) 2.3(1.0 – 12) Up= 0.001*
Maximum VIS 120(60-395) 105(40-330) Up= 0.035*

a: mean ± SD, b: Median (range), #: Recent/current long-term steroid use, severe malnutrition or leukemia, PIM2: Pediatric Index of Mortality 2, 
VIS: vasoactive inotropic score, Up: p value of Mann Whitney test , tp: p value of independent samples t-test, χ2p: p value of Chi square test , MCp: 
value of Monte carlo exact probability *: Statistically significant at p ≤ 0.05 

Table 2: Comparison between the studied groups as regard laboratory findings.

Conventional group(n = 185) Echo group (n = 396) p

Hemoglobin a (gram/dl) 8.63 ± 1.76 8.07 ± 2.08 tp= 0.078

White cell countb(×10³/μl) 12(0.1 – 77) 11(0.1 – 600) Up= 0.378

Platelet b (×10³/μl) 197.5(2 – 900) 160(2 – 1042) Up= 0.065

Blood urea nitrogen b (mg/dl) 32(5 – 100) 22(0.4 – 150) Up= <0.001*

Serum creatinine b (mg/dl) 0.9(0.2 – 10) 0.8(0.1 – 25) Up= 0.014*

ALTb (U/L) 131.5(23 – 2000) 124.3(12 – 1099) Up= 0.078

AST b (U/L) 143.7(3.7 – 3421) 145.6(13 – 8900) Up= 0.129

C–reactive protein b (mg/dl) 70(2 –500) 75(30 – 450) Up= 0.743

Serum sodium b (mmol/l) 144.16 ± 11.2 143.81 ± 13.06 tp= 0.756

Serum potassium b(mmol/l) 3.87 ± 0.71 3.52 ± 0.88 tp= <0.001*

Serum chloride b (meq/l) 99(39 – 121) 99(70 – 160) Up= <0.001*

Serum calciumb (mg/dl) 8.7(6 – 10) 8(3.5 – 10) Up= 0.065

Serum phosphorus b (mg/dl) 3.2(2 – 5) 3(0.8 – 15) Up= 0.262

Serum albumin b (g/dl) 3(0.6 – 4) 3(0.5 – 4.2) Up= 0.127

Random blood glucose b(mg/dl) 134(50 – 322) 102(14– 400) Up= <0.001*

INR b 1.8(1 – 4) 1.4(1 – 5) Up= <0.001*

DIC n(%) 96(52.2%) 147(37.2%) χ2p=0.001*

Lactate on admission
χ2p= 0.823<8 mmol/L 170 (91.9%) 366 (92.4%)

≥8 mmol/L 15 (8.1%) 30 (7.6%)

Rising lactate
χ2p= 0.005*No change or decreasing 87 (47.0%) 235 (59.3%)

≥1 mmol/L after 6 h 98 (53.0%) 161 (40.7%)

a: mean ± SD, b: Median (range), INR: international normalizing ratio, DIC: disseminated intravascular coagulopathy, Up: p value of Mann Whitney 
test , tp: p value of independent samples t-test, χ2p: p value of Chi square test, *: Statistically significant at p ≤ 0.05
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As the primary aim of the study, the incidence of RSS was 
significantly higher among the conventional group (p=0.007). 
Correspondingly, the incidence of shock reversal was significantly 
higher among the ECHO group(p=0.043) with appreciably shorter 
shock reversal time(p=0.047). Although the PELOD2 score did 
not differ significantly on the first two days of admission, PELOD2 

score was markedly improving on the third day of admission in 
the ECHO group(p=0.006). Length of PICU stay was significantly 
shorter in the ECHO group (p=0.002). Mortality was higher in 
the conventional group. Yet, it was not statistically significant 
(p=0.093). However, mortality due to RSS was significantly higher 
in the conventional group (p=0.007) (Table 3).

Table 3: Comparison between the studied groups as regard the outcomes.

Conventional group (n = 185) Echo group  (n = 396) p

Refractory septic shock 75(40.5%) 116(29.3%) χ2p=0.007*

Shock reversed n(%) 81(43.8%) 209(52.8%) χ2p=0.043*

Shock reversal time a (days) 5(2 – 15) 4( 2 – 19) Up=0.047*

PELOD–2 day 1a@ 6(0 – 23) 5(0 – 22) Up= 0.117

PELOD–2 day 2a@ 5(0 – 13) 4(0 – 14) Up= 0.052

PELOD–2 day 3a@ 7(0 – 17) 3(0 – 15) Up= 0.006*

PICU stay a (days) 5(1 – 27) 4(1 – 18) Up= 0.002*

Fate n(%)

Survived 81 (43.8%) 203 (51.3%)
χ2p=0.093

Deceased 104 (56.2%) 193 (48.7%)

Deceased due to refractory shock 75 (40.5%) 116 (29.3%)
χ2p=0.007*

Deceased due to other causes 29 (15.7%) 77 (19.4%)

a: Median (range), PELOD2: Pediatric logistic organ dysfunction 2, Up: value of Mann Whitney test, χ2p: value for Chi square test, @: PELOD-2 
was implemented 2016 but all retrospective data before 2016 were recalculated as PELOD-2 score to unify the result, *: Statistically significant at 
p ≤ 0.05.

Table 4: Univariate and multivariate analysis of variables affecting occurrence of refractory septic shock.

Refractory septic shock
Univariate Multivariate#

p OR (95%C.I) p OR (95%C.I)

Age (months) 0.004* 0.98(0.88 – 1.013) 0.365 0.99(0.99 – 1.025)

Sex 0.325 1.190(0.841 – 1.684)

PIM2 score <0.001* 1.040(1.032 – 1.048) 0.061 1.021(0.999 – 1.044)

Focus of infection

Blood stream infection <0.001* 4.683(3.232 – 6.787) 0.363 165.91(0.003 – 139133.7))

Pulmonary infection 0.089 0.426(0.253 – 0.718)

CNS infection 0.12 0.496(0.309 – 0.797)

GI infection 0.342 0.315(0.176 – 0.563)

Skin infection 0.243 0.402(0.087 – 1.854)

  DIC <0.001* 5.606(3.838 – 8.190) 0.567 0.726(0.242 – 2.177)

PICU stay (days) <0.001* 0.872(0.825 – 0.922) 0.839 1.014(0.890 – 1.155)

PELOD–2 day 1 <0.001* 1.196(1.137 – 1.257) 0.007* 1.315(1.076 – 1.606)

Echo. guided management 0.007*  0.608(0.422 – 0.875) 0.047* 0.238(0.058 – 0.979)

 Lactate on admission
(≥ 8 mmol/L) <0.001* 20.397(7.900 – 52.665) 0.012* 8.748(1.609 – 17.567)

 Rising lactate
 (≥1 mmol/L after 6 h) <0.001* 72.4(36.557 – 143.385) <0.001* 32.98(18.595 – 66.519)

Initial VIS <0.001* 1.020(1.017 – 1.024) 0.111 1.007(0.998 – 1.015)

Maximum VIS <0.001* 1.66(1.349 – 1.873) <0.001* 1. 66 (1.348 – 1.885)

PIM2: Pediatric Index of Mortality 2, DIC: disseminated intravascular, PICU: pediatric intensive care unite, PELOD2: Pediatric logistic organ dys-
function2, VIS: vasoactive inotropic score, OR: Odd`s ratio, CI: Confidence interval, #: Multiple logistic regression model was used	

*: Statistically significant at p ≤ 0.05
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Table 4 summarized the univariate and multivariate analysis 
for the variables affecting RSS for the total sample. Univariate 
analysis revealed that younger age, high PIM2 s,core, high PELOD2 
day 1, blood steam infection , DIC, initial lactate (≥ 8 mmol/L), 
rising lactate (≥1 mmol/L after 6 hours), high  initial and maximum 
VIS as well as not using echocardiography guided management 
were risk factors of RSS. While multidimensional data provided by 
multivariate analysis revealed that only high PELOD2 day 1, initial 
lactate ≥8 mmol/L, rising lactate and high maximum VIS were risk 
factors of RSS, whereas echocardiography guided management 
of pediatric septic shock was a protective factor that safeguard 
against development of RSS.

Discussion

“Prevention is better than cure”. Management of patients 
with refractory septic shock remains a great challenge. Helpless 
established conventional interventions have failed to reverse 
RSS. For that reason, it is important to deliver a convenient 
approach that prevent progression of pediatric septic shock into 
RSS especially in resource-limited settings where extracorporeal 
membrane oxygenation (ECMO) treatment is impossible. 

Vital signs and clinical evaluation poorly differentiate between 
cold and warm shock and inaccurately identify children with 
cardiac dysfunction.Therefore, the new pediatric SSC guidelines 
(2020) recommended against the use of clinical parameters to 
categorize children as being in warm versus cold shock. Advanced 
hemodynamic monitoring (eg, arterial blood pressures, central 
venous oxygen saturations) in addition to clinical assessment 
may provide more reliable guidance. Using echocardiography 
to assess the hemodynamic state and guide changes in therapy 
became fundamental in the management of pediatric septic shock. 
It provides necessary data that cannot be acquired by clinical 
examination solely. Serial echocardiography allowed optimal 
adjustment of therapy, significantly improved all hemodynamic 
parameters, and reduced shock reversal time [10]. Shock reversal 
is the primary aim that should be accomplished whenever a child 
having septic shock is recognized. Han YY et al. [18] found that 
each additional hour of persistent shock was associated with >2 
folds increased odds of mortality [18]. Septic shock if not reversed 
often progress to multiple organ dysfunction syndrome (MODS). 
Several clinical trials revealed mortality from 40% to 75% in 
patients with MODS resulting from from sepsis [19]. In the current 
study, the percentage of children succeeded in shock reversal 
was significantly higher in the echo group with a median of 1 day 
earlier than that in the conventional group. Early shock reversal 
in the echo group was associated with a significant reduction 
in PICU stay among survivors of the echo group compared with 
those of conventional group with a median of 1 day earlier 
than that in the conventional group. Although the echo group 
showed 7.5% lower mortality than the conventional group, it 
was statistically insignificant because mortality in critically ill 
patients is multifactorial. Yet deaths due to unresolved shock was 
significantly lower in the echo group. 

In the current study, echo group showed significant 
improvement of lactate level after 6 hours of care. Failure of lactate 
to normalize during critical illness had been associated with 
increased risk of major adverse events [20]. In the current study, 
DIC was significantly higher in the conventional group compared 
to the echo group as echocardiography guided therapy improves 
patient hemodynamics and normalize lactate as early as possible 
compared with conventional method. Acidosis accelerates fibrinogen 
degradation, leading to a potential deficit in fibrinogen availability 
which participate in the development of DIC [21].

In the conventional group, fluid resuscitation was administered 
according to the previous international guidelines in which the 
target was ‘‘adequate blood pressure and clinical monitors of 
cardiac output including heart rate, quality of peripheral pulses, 
capillary refill, level of consciousness, peripheral skin temperature, 
and urine output.’’ Pediatric fluid resuscitation guidelines used in 
the conventional group were based on the concept of empiric fluid 
loading using vital signs as a marker of response to treatment. The 
host response to sepsis in children is highly variable and dynamic 
during the disease course, and vital signs are a poor predictors of 
disease severity or response to treatment. As such, using a “one 
size fits all” approach in fluid resuscitation seems hazardous. 
Although intravenous fluid boluses remain a cornerstone of the 
resuscitation of children with septic shock, an increasing number 
of publications have highlighted the increased morbidity and 
mortal ity associated with aggressive fluid administration. The 
recent SSC panel (2020) therefore made a recommendation that 
takes the health care setting into account. Fluid administration 
needs to be titrated to signs of perfusion and organ dysfunction 
and should be discontinued if signs of fluid overload develop. In 
contrast, in settings where intensive care is not available, fluid 
resuscitation should be restricted to children with hypotension 
using more judicious fluid amounts of 10–20 mL/kg during the 
first hour.Certainty of intravascular volume is important because 
over-resuscitation may lead to longer mechanical ventilation 
days, prolonged ICU stays and worse outcomes [22]. Optimized 
fluid therapy guided by echocardiography which has been very 
useful in the resuscitation of shocked patients, monitoring their 
fluid demands, and predicting recurrence of shock with avoidance 
of fluid overload. In ECHO group, there was significant reduction 
in days of mechanical ventilation and PICU stay as well as better 
outcome.

Maximum VIS was markedly lower in the echo group compared 
with the conventional group. Unnecessary doses of vasopressors/ 
inotropes would be avoided because echocardiography allowed 
tailoring therapy according to the condition of each patient. Gaies 
et al. concluded that high maximum VIS was strongly associated 
with a poor outcome compared with patients with a low maximum 
VIS [13]. 

The primary aim of the study was to evaluate the role 
of echocardiography in reducing the incidence of refractory 
septic shock among pediatric septic shock patients. Although 
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definition of RSS was broader in the echo group that included 
cardiac ultrasound findings in defining myocardial dysfunction, 
the incidence of RSS was significantly lower owing to early and 
accurate management of septic myocardial dysfunction as well as 
appropriate volume optimization. Factors affecting development 
of RSS were studied in the current study. In the multivariate 
regression model, the independent factors that increased the 
risk of the patient to develop refractory septic shock were high 
PELOD-2 on the day of admission, high maximum VIS, high initial 
lactate as well as rising lactate level after 6 hours of resuscitation. 
While using echocardiography in management of septic shock was 
a protective independent factor against development of refractory 
septic shock.

Although, there is limited study worldwide to identify risk 
factors for occurrence of refractory septic shock, there are other 
studies identify risk factors of early and late deaths in septic 
shock in adult patient. They found that increasing age, diabetes 
mellitus, malignancy, lack of pathogen identification, and higher 
admission SOFA score remained independent risk factors of early 
death. Among patients who survived the first 3 days, independent 
determinants of late death included increasing age, cirrhosis, lack 
of pathogen identification, and previous corticosteroid treatment 
[23]. To our knowledge, the risk factors of developing RSS in children 
were not yet studied. However, mortality risk factors among 
children and newborns with refractory septic shock who required 
ECMO treatment were studies. Sole’ et al. found that   vasoplegic 
pattern shock or S. pneumoniae sepsis were mortality risk factors 
in children and newborns with RSS who required venoarterial 
ECMO treatment [24]. While Workerman et al. [25] included 
cardiac failure or extracorporeal cardiopulmonary resuscitation 
as indication for extracorporeal life support (ECLS) cannulation 
,having a new neurologic event following cannulation, acquiring 
a new infection following cannulation, inability to normalize pH 
in the 48 hours following ECLS cannulation and requiring higher 
daily volume of platelet transfusions as significant risk factors for 
mortality in children with refractory pediatric septic shock who 
are supported with ECLS [25].

Limitations

 The limitation of the study is being a retrospective single 
centre study. However, it is one of the scarce studies that investigate 
RSS in children. Also, large sample size was included with minimal 
data loss. There were no significant differences in the baseline 
characteristics of the two studied groups minimizing bias. 

Conclusion

Implementation of echocardiography in pediatric septic shock 
management reduced incidence of refractory septic shock in PICU.
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