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Background and study design: Limited data exists on noradrenaline therapy in neonatal septic shock. We compared the efficacy of noradrenaline with adrenaline in neonatal septic shock. This single center, open label, pilot randomized controlled trial included neonates with clinical evidence of sepsis and shock.



Study outcomes: Primary outcomes were: 1) resolution of shock one hour after treatment, and 2) mortality during hospital stay. Secondary outcomes included: need for additional vasopressors; hemodynamic stability without further administration of vasopressors for ≥2 h; changes in blood pressure and heart rate after 1 h of vasopressor treatment; and morbidities during the hospital stay.



Results: Of 65 eligible neonates, 42 were randomized (21 each in adrenaline and noradrenaline treatment arms) between August 2020 and January 2022, at level III neonatal intensive care unit (NICU) of Bharati Vidyapeeth Deemed University Medical College and Hospital (BVDUMCH). The mean (SD) gestational age and mean (SD) birth weight were 36.1(4.2) weeks and 1.8 (0.2) kilograms birth weight for noradrenaline and 36.9 (4.1) weeks and 1.7 (0.7) kilograms for adrenaline. Shock resolved within 1 h of vasopressor therapy in 76.2% neonates in the noradrenaline arm and 61.9% in adrenaline arm (p value-0.53). Mortality during hospital stay was 28.6% (6/21) in noradrenaline group and 33.3% (7/21) in adrenaline group (p value- 0.58). Additional vasopressors were required in 23.8% neonates of the noradrenaline group compared to 38.1% neonates in adrenaline arm (p value-0.53). Median (SD) duration of intensive care stay was 6 (SD) days in the noradrenaline group and 10 (SD) days in the adrenaline group (p value-0.045).



Conclusion: Among neonates with septic shock, the efficacy of noradrenaline was comparable to adrenaline in resolving septic shock after one hour of infusion and on the mortality during hospital stay.



Clinical Trial Registration: https://ctri.nic.in/Clinicaltrials/pmaindet2.php?EncHid=NDI2NTc=&Enc=&userName=noradrenaline, Clinical Trials Registry – India with identifier CTRI/2020/08/027185 (17/08/2020).
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Introduction

Sepsis remains a leading cause of neonatal morbidity and mortality (1). Fluid-refractory septic shock, an important consequence of sepsis, is managed according to guidelines developed for intensivists and pediatricians. The surviving sepsis campaign international guidelines for the management of septic shock and sepsis-associated organ dysfunction in children of the society of critical care medicine does not recommend any specific drug as the first-line vasopressor agent and instead suggests either adrenaline or noradrenaline can be used and guided by “clinician preference, individual patient physiology, and local system factors” (2). The American College of Critical Care Medicine/Pediatric Advanced Life Support Clinical Guidelines for hemodynamic support of neonates and children with septic shock recommends adrenaline as the first-line agent to begin with but shifting to noradrenaline in case of vasodilatory shock (3). Neonatal sepsis studies have shown mild cardiac dysfunction in infants with neonatal septic shock and some developing pulmonary hypertension (4, 5). The newborns present with a haemodynamic pattern similar to children and adults with warm shock or cold shock, depending upon the compensatory mechanisms. In such a clinical scenario, choice of cardiovascular medication is not clearly defined. In neonatal septic shock, although adrenaline is commonly used but noradrenaline can give additional benefit of pulmonary pressure reduction, decrease in peripheral vasodilatation and thus increasing blood pressure. However, noradrenaline is often not used as first line therapy based on the assumption that use of noradrenaline may further compromise left ventricular function in infants with moderate to severe cardiac dysfunction. There are no guidelines as of now for the usage of the drugs interchangeably. Considering this, the current study was designed to compare noradrenaline and adrenaline as the first-line vasoactive medication in neonatal septic shock to objectively see the effectiveness and the hemodynamic impact from use of either of these drugs.



Material and methods


Study ethics and registration

The study was approved by the institutional review board of Bharati Vidyapeeth Deemed University Medical College and Hospital (BVDUMCH), Pune, India, and registered in Clinical Trials Registry – India with identifier CTRI/2020/08/027185 dated 17/08/2020. Informed consent was obtained from parents of the neonates for their enrolment in the study.



Study design

The open label, parallel arms, randomized study was conducted in the level III neonatal intensive care unit (NICU) of BVDUMCH between August 2020 and January 2022.



Sample size calculation

Successful resolution of shock within one hour of adrenaline occurred in around 25% of the neonates (6). To detect an increase in resolution from 25% in the adrenaline group to 60% in the noradrenaline group, at 80% power and 0.05 significance, 30 neonates per arm (60 total) were to be recruited. However, the trial was discontinued after recruitment of 42 neonates due to the COVID pandemic.



Study population

Neonates admitted in the NICU with fluid-refractory septic shock were eligible for enrollment. Septic shock was defined as systemic hypotension with decreased perfusion: mean blood pressure < 10th percentile of the normal for birth weight (BW) and postnatal age for Indian children (7) with at least three of these five criteria satisfied: resting heart rate > 20 above normal, feeble or non-palpable peripheral pulses, pale or bluish discoloration of palmar/plantar surfaces, palmar/plantar capillary refill time > 3 s, and urine output < 1 ml/kg/h. Neonates with congenital malformations, hypovolemic shock, cardiogenic shock, clinically suspected or echocardiographically proven congenital heart disease including hemodynamically significant patent ductus arteriosus (hsPDA), moderate to severe hypoxic ischemic encephalopathy with blood pH < 7 at birth or APGAR score < 5 at 5 min, or those already on inotropic or vasopressor drugs were excluded. HsPDA was defined as duct diameter >1.6 mm with retrograde descending aorta flow with Qp/Qs > 1.5.

Over the study period of 22 months, 42 of the 65 neonates considered eligible for the study were enrolled after parental consent. Twenty neonates receiving other inotropes and three with congenital anomalies were excluded from the study.



Intervention and clinical care

At baseline, demographic and clinical data, including hemodynamic status (extremity perfusion, mental status, heart rates, and BP) was recorded in a pre-designed form. The first dose of broad-spectrum antibiotics was administered within 1 h of sepsis recognition, and samples were collected for relevant cultures, blood gas analyses, and lactate measurements.

Forty two enrolled neonates were randomized using computer generated random numbers (Random Allocation Software) (8) to receive either adrenaline or noradrenaline (21 in each group). The neonates first received a fluid bolus of 10 ml/kg of crystalloids, after which functional echocardiography was performed. Continuous infusion of adrenaline or noradrenaline was then started at 0.1 or 0.2 μg/kg/min, respectively, via peripheral venous access. If there was no hemodynamic response to the initial dose, vasopressor dose was incremented to 0.3 or 0.5 μg/kg/min, respectively by increasing the fluid flow rate up to two times during 20 min. Reduction of adrenaline/noradrenaline in steps of 0.1 μg/kg/min was initiated as per the treating neonatologist after resolution of shock. In the case of no response to the highest possible study drug dose, the selection of another vasopressor was left to the physician's discretion. Functional echocardiography and arterial lactate assay were performed at baseline and at 1 h after start of treatment with the study drugs. Urine output was measured hourly till the withdrawal of vasoactive drugs. Data on fluid balance, blood and body fluid cultures, serologic assays, respiratory support, and antibiotic therapy were recorded.

Serious adverse events of tachycardia, hypertension, arrhythmia, renal ischemia, pulmonary oedema, hyperglycaemia, and hypokalaemia during infusion of the study drugs were recorded. Blood pressure was monitored by a non-invasive oscillometric method (Nihon Kohden VISMO multipara monitor). Echocardiography was performed by a single investigator using Phillips 50G with 12-4 MHz high-frequency phased array transducer probe using published methods at the beginning after fluid bolus and again 60 min later. Functional parameters were measured twice in the echocardiography procedures.



Outcome measures

Primary outcomes were: (1) resolution of shock one hour after treatment, and (2) mortality during hospitilisation. Secondary outcomes included: need of additional vasopressors; hemodynamic stability without further administration of vasopressors for ≥2 h; changes in blood pressure and heart rate after 1 h of vasopressor treatment; and morbidities during the hospital stay in terms of duration of ventilation support and incidence of acute kidney injury (AKI), cerebellar or intraventricular hemorrhage (IVH), nosocomial infection, periventricular leukomalacia (PVL), and stage II/III necrotizing enterocolitis (NEC).



Statistical analysis

Data was analysed using SPSS software (version 21). Standard t test was used for two-group comparisons of continuous variables. Chi square test was used for categorical variables, unless observed frequency in at least one cell was <5, in which case Fisher's exact test was used.




Results

A total of 2,035 neonates were admitted in the NICU during the study period (August 2020 to January 2022). Of these, 197 neonates (9.7%) had sepsis and 65 (33.0%) of them developed septic shock. There were 4 culture positive neonates in the noradrenaline arm and 8 culture positive cases in the adrenaline arm. 4 organisms in the noradrenaline group were in the blood, namely klebsiella pneumoniae, pseudomonas aueruginosa, eneterobacter cloacae and acinetobacter baumanni. The 8 organisms in the adrenaline group were in the blood, namely 2 klebsiella pneumoniae, 1 escherichia Coli, 1 acineobacter baumanii, 2 strenotropomonas maltophilia, 1 enterobacter cloacae and 1 serratia marcescens.

Forty-two of the 65 neonates eligible were infants with signs and symptoms suggestive of septic shock that got enrolled in the study and were randomized into two groups: 21 cases in each group receiving either adrenaline or noradrenaline as the first-line vasopressor treatment (Figure 1). The two groups were similar at baseline in terms of important maternal and neonatal characteristics (Table 1), clinical features (Table 1), and echocardiographic findings of ventricular function (Table 2A).


[image: Figure 1]
FIGURE 1
Study flowchart.



TABLE 1 Characteristics of the study groups.
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TABLE 2A Echocardiographic findings of the study groups at baseline.
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Resolution of shock without a second vasopressor or inotrope was achieved in 76.2% of cases in the noradrenaline group and 61.9% in the adrenaline group (p-value = 0.53). Dose increment was needed in 42.9% of cases receiving noradrenaline and 28.6% for adrenaline (p-value = 0.33). Mortality during hospitalisation was similar in two groups, 28.6% and 33.3% for noradrenaline and adrenaline, respectively (p-value = 1.00). Changes in ventricular function, vital signs, and blood acid-base parameters after one hour of starting the study drug infusion were also similar for the two groups (Table 2B). Mean requirement of fluid boluses was not significantly different for the two groups (1.67 vs. 1.48; p-value = 0.46).


TABLE 2B Echocardiographic findings of the study groups after 1 h.
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The administration of noradrenaline via peripheral venous access was found to be safe with no adverse effects. Tachycardia occurred in 19.0% cases managed by noradrenaline and 28.6% cases managed by adrenaline (p-value = 0.77). Incidence of AKI, nosocomial infection, brain hemorrhage, and NEC were similar between the two groups (Table 3). Mechanical ventilation was required in 71.4% and 81.0% of cases in the noradrenaline and adrenaline groups, respectively (p-value = 0.34). Duration of hospital stay was similar for the two groups (12 and 15 days, respectively; p-value = 0.43).


TABLE 3 Associations of study drugs with outcomes.
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Discussion

Our study showed no difference in resolution of fluid-refractory septic shock within an hour in 76% of neonates treated with noradrenaline as compared to 62% cases treated with adrenaline (p-value = 0.53) with no difference in mortality during hospitalisation. Baske et al. reported reversal of such shock in 25% of 20 neonates in the adrenaline group (0.2 to 0.3 to 0.4 μg/kg/min) in their study (6), which is comparable to our study's finding. Similarly, Ramaswamy et al. reported that shock resolved in 48% of 29 children of age 3 months to 12 years with use of adrenaline (0.1 to 0.2 to 0.3 μg/kg/min) (9). In their trial of noradrenaline (0.1–0.3 μg/kg/min) in pediatric septic shock, Tourneux et al. found that hypoperfusion was reversed in 81% of cases within 6 h after starting treatment (10). In a 10-year review study on the use of noradrenaline in pediatric septic shock, Lampin et al. concluded that greater noradrenaline doses than those suggested in the literature may be required to correct hypotension and hypoperfusion (11). Kallimath et al. has described the noradrenaline cohort of this study in detail (12).

The groups in our study were comparable with respect to baseline parameters (Tables 1, 2). Males accounted for 71.4% of our study population of 42 neonates with septic shock. This male predominance, suggesting role of some sex-related element in vulnerability to neonatal sepsis, has been observed by multiple groups (13–15). The mean gestational age and birth weight of our cases were 36.8 weeks and 1.9 kg, with 69% and 80.1% of the neonates being pre-term and small for gestational age, respectively. Prevalence of pre-term birth among indian neonates with sepsis has been reported at 55%–73% (16–18), and neonatal septicemia has been associated with low birth weight (16–21). Seizures (19%), lethargy (17%), feed refusal (14%), and fever were the most common symptoms in our study population, more than half of which were observed to have hypotension (98%), cold peripheries (86%), icterus (81%), pallor (74%), weak pulse (60%), low oxygen saturation (55%), edema (52%), and tachypnea (52%). Seizures (39%), lethargy (27%), reluctance to feed (19%), and fever (6%) were the most common presenting symptoms of neonatal sepsis in one study from India (16). In our study, all cases with septic shock had hypotension and around three quarters of them had cold extremities and a weak pulse.

Tachycardia was the only adverse event observed, occurring in 19% and 29% of cases of the noradrenaline and adrenaline groups, respectively. In neonates with fluid-refractory septic shock treated with adrenaline, Ramaswamy et al. noted a 14% frequency of adverse events, with tachycardia and arterial gangrene occurring in 3% and 10% of cases, respectively (9). We did not observe arrhythmia or hypertension with noradrenaline unlike previous study (11), which were dose related. Although very large doses of noradrenaline were found safe while allowing for a 33% survival rate in adults (22), there is a need for further studies of dose optimization in neonates.

The noradrenaline and adrenaline groups had similar mortality rates (28.6% vs. 33.6%, p-value = 0.77) statistically. In the study cohort, the baseline characteristics, clinical and hemodynamic parameters were similar in neonates who survived and those who succumbed. As in previous studies from our unit, we have found pulmonary hypertension in cases of septic shock, we hypothesised that noradrenaline might be beneficial from that perspective where we had cases of late onset sepsis with pulmonary hypertension and high cardiac output (4). Hence, we wanted to study noradrenaline with effects of an vasopressor and a pulmonary vasodilator.

The mortality rates in sepsis in infancy have varied from 18% (10), 27% (16), 37% (23), 45% (11) to 58% (9), depending on the treatment drugs and the age group. These high mortality rates reinforce the need for early sepsis recognition with appropriate management and further research to identify the first line medication and optimal doses.

The study had few limitations. The study sample size could not be reached and it was a underpowered study. Also usage of non-invasive blood pressure recordings with reliability on reduction of blood pressure to less than 10th centile for definition of shock was used. The bolus fluid therapy at 10 ml/kg might be inadequate for defining fluid refractory septic shock.



Conclusion

In this single centre open labelled study in neonates with fluid-refractory septic shock, noradrenaline was comparable to adrenaline in resolution of shock at one hour of infusion and mortality during hospitalisation. Also, it had similar hemodynamic and adverse reaction profile. The study being underpowered, could not conclude non-inferiority of noradrenaline to adrenaline. Further studies with larger sample sizes to evaluate the efficacy and safety of these two drugs as a first-line agent in neonatal septic shock are required.
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mean (SD)
Birth weight (kg), 1.9 (0.7) 1.8 (02)
mean (SD)
APGAR at 5 min, 7.8 (1.8) 7.3 (18)
mean (SD)

Clinical features
Hypotension, n (%) 21 (100%) 20 (95.2%)
Cold extremities, n 19 (90.5%) 17 (81.0%)
(%)
Ieterus, 1 (%) 17 (81.0%) 17 (81.0%)
Pallor, n (%) 18 (85.7%) 13 (61.9%)
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Bradypnea, n (%) 4 (19.0%) 3 (14.3%)
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13 (61.9%)

16 (76.2%)
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6 (28.6%)
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9 (42.9%)

061 (0.17-2.25)
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15 (0.43-5.25)

Nosocomial infection, (%)

8 (38.1%)
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Tachycardia, n (%)

6 (28.6%)

4(19.0%)
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3 (14.3%)

063 (0.09-4.23)
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2 (9.5%)

1 (4.8%)

210 (0.17-25.17)

1 (4.8%)

1 (4.8%)

1.00 (0.06-17.12)

Cerebellar hemorrhage, n (%)
B e

0

0

Hospital stay (days), median (IQR)

15 (6-33)

12 (5-19)

NICU stay (days), median (IQR)

10 (5-30)

6 (3-10)

Mechanical ventilation (days), mean (SD)

1.24 (0.54)

1.29 (0.46)
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