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1. Preface 

The NECTARINE Study is being completed to assess the occurrence of clinical interventions in 

neonates and infants undergoing anesthesia for surgical or diagnostic procedures and their 

outcome in terms of morbidity and mortality.  

 

In fact, the occurrence of critical events and/or severe physiological derangements during 

anaesthesia and the need for a specific intervention can be affected by many predicted and 

unpredicted factors: the clinical condition of the child; the type of surgical procedure; and the 

overall anaesthesia management. For these reasons it was relevant to collect data from a broad 

neonatal population undergoing anaesthesia across multiple European Centres undertaking 

neonatal anaesthesia.  

The study aims were: (i) to identify the type and frequency of treatments used to correct 

perioperative critical events; (ii) the clinical event and/or threshold of physiological parameters 

that triggered an intervention; and (iii) collect data from medical records (or parental 

questionnaire at 90 days) related to 30 and 90-day morbidity and mortality after anaesthesia.  

 

The following documents were reviewed in preparation of this SAP: 

• Clinical Research Protocol NCT02350348, v1.0, approved in date 28 August 2015 

• Case report form (CRF) v1.1 approved on 19th  October 2015 

• The cleaning plan approved on 13th  October 2017 

 

 

2. SAP Purpose  

 

This document describes the proposed statistical analysis for the NECTARINE study. The 

purpose is: 

1. to outline the planned analyses to be completed to support the completion of the Clinical Study 

Report. The planned analyses identified in this SAP will be included in regulatory submissions 

and/or future manuscripts. 

2. to avoid any misleading interferences that would arise from post-hoc analyses. Exploratory 

analyses not necessarily identified in this SAP may be performed to support the clinical 

development program. Any post-hoc, or unplanned, analyses not identified in this SAP 

performed will be clearly identified in the respective CSR. 
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3. Study objectives and endpoints 

3.1 Primary objective: To determine the incidence of peri-anaesthetic intervention(s) 

and/or medical treatment(s) performed in response to a potentially life-threatening critical 

event or to correct major deviations in physiological parameters.   

 

3.2 Secondary objectives:  

a) To investigate the occurrence of adverse events in the immediate postoperative period (up 

to 120 minutes after anaesthesia) and evaluate links with intraoperative critical events. 

b) To investigate predictive factors for life-threatening critical events. 

c) To investigate potential predictive factors for significant deviations in physiological 

parameters. 

d) To determine mortality within 30 days after anaesthesia.  

e) To determine morbidity at 30 days after anaesthesia (if still in hospital), or until hospital 

discharge, based on the medical record. 

f) To report mortality at 90 days after anaesthesia via hospital records or parental 

questionnaire.  

g) To evaluate associations between critical events and increased morbidity and mortality. 

h) To describe the differences in neonatal anaesthesia practice throughout Europe. 

 

3.3 Primary target variable:  

The primary targeted variable is the occurrence or not of peri-anaesthetic intervention(s) 

and/or medical treatment(s) performed in response to a potentially life-threatening critical 

event or to correct major deviations in physiological parameters among a list of pre-

determined of treatments and/or monitor derangements:   

1. Airway management; 

2. Peripheral oxygen saturation (SpO2) and/or arterial oxygen saturation (SaO2); 

3. End-tidal carbon dioxide (CO2) (and/or arterial or venous CO2); 

4. Glycaemia, and Na+; 

5. Cardiovascular instability: blood pressure, heart rate; 

6. Body temperature; 

7. Brain oxygenation by NIRS (if available); 

8. Haemoglobin level. 

 

When an intervention was performed in response to a physiological derangement, the clinical 

condition and/or the monitored parameter that triggered the intervention must have been 

reported. A descriptive analysis of all the interventions and their triggers will be performed.  

 

3.4 Secondary targeted variables:  

- Demographic data and patients’ characteristics. 
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- Number of previous anaesthesia events. 

- Co-morbidities. 

- Baseline physiological parameters. 

- Duration and type of surgery. 

- Type of intervention(s) and relative trigger. 

- Outcome generated by the intervention. 

- The incidence of adverse events up to the first 120 minutes after anaesthesia.  

- In-hospital mortality up to 30 days after anaesthesia as determined from medical records.  

- Status at 30 days from anaesthesia and any morbidity at 30 days after anaesthesia as 

determined from medical records: until discharge or at 30 days if still in hospital. 

- Any NICU/PICU admission/re-admission during the 30 days after anaesthesia. 

- Any morbidity event during the 30 days after anaesthesia. 

- In- and out-hospital mortality and morbidity at 90 days after anaesthesia. 

- Status at 90 days:  

o Alive – discharged 

o Alive – still in hospital 

o Deceased.  

 

4. Overall study plan and selection of study population  

Neonates and young infants are at increased risk of perioperative adverse events that may be 

associated with prolonged hospital stay, unplanned intensive care admission, and worse outcome; 

all of which can have a considerable impact on the overall quality of life and cost of care.  Several 

multicentre studies explored the incidence of severe critical event during anaesthesia in children, 

including also neonates and infants. However, extrapolating data from a broad population of 

patients is a complex exercise. For example, the recently published Clinical Trial Network study 

APRICOT reported the incidence of severe critical events in neonates and infants, but the 

definition of critical events and the generalizability to the neonatal population are not 

straightforward. Factors that limit the ability to directly extrapolate data from older children to 

neonates and infants are:   

1. The range of normal physiological parameters for term and preterm babies under general 

anaesthesia are not validated. 

2. The need for intervention in case of out-of-range parameters is not clearly defined and there 

is no clinical evidence yet that a specific clinical or pharmacological intervention may result 

in a better outcome. 

3. Neonates undergoing general anaesthesia for diagnostic or surgical procedures frequently 

have multiple co-morbidities (such as extreme prematurity, congenital malformations, 

congenital heart disease etc.), which may further increase morbidity and mortality.  

4. Neonates and infants are particularly vulnerable patients, with an increased anaesthetic risk 

and higher perioperative morbidity and mortality. Last, the lack of validated and universally 

accepted “normal” ranges of physiological parameters under general anaesthesia, makes it 

difficult to develop standardised treatment protocols that aim to minimise negative outcomes. 
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The study population included in the Nectarine study was formed by neonates and infants from 

birth to 60 weeks of post-menstrual age (PMA), scheduled for an elective, emergency or urgent 

diagnostic or surgical procedure, (both cardiac and non-cardiac), under general anaesthesia with 

or without regional analgesia, or under regional anaesthesia alone. Patients from 61 weeks of 

PMA were excluded per protocol.   

 

5. Study method 

NECTARINE was a prospective, observational, multi–centre cohort study, which only included 

objective data collected as part of routine anaesthetic care. The only extra assessment was the 

telephone call for those patients discharged from the hospital. For this reason, a consent form was 

signed by parents/caregivers to allow the 90-day telephone call. Some patients that refused the 

90-day follow-up were not reached and then considered lost to follow-up.  

Recruitment occurred for 90 days in each participating centre, day and night, weekends included. 

Windows of recruitment were divided into four time period of the year and each centre started 

recruitment and follow-up according to their local preference. Follow-up continued after the 3 

months of recruitment for the following 3 months to allow competition of follow-up (as for 

secondary endpoint).  

 

Sample size calculation 

The primary end-point of the NECTARINE study is to evaluate the incidence of medical 

interventions for life threatening conditions or critical events (as reported in section IX) in 

neonates and infants (aged ≤60 weeks of PMA) who had undergone general and/or regional 

anaesthesia. 

A secondary aim of the study is to identify the potential predictors of critical events and poor 

outcomes (morbidity and mortality); since this requires a minimum number of events to be 

observed, this number has been estimated first as described below. 

A total of 5,000 patients are expected to be enrolled in the present study based on the fact that a 

minimum number of 462 events is required in order to analyse the data through multivariate 

regression analysis models for the identification of the potential predictors of poor outcomes. 

In fact, the number of 462 patients was obtained considering the following: 

• According to the formulation n. 2 cited in Hsieh (1998), that allows for the calculation 

of the minimum sample needed for a logistic regression analysis with only 1 covariate, 

a minimum number of 776 patients (388 cases + 388 controls) is required assuming 

that: P1=0.4 [P1=pr(diseased|X=0)], P2=0.5 [P2=pr(diseased|X=1)], B=0.5 (B=the 

proportion of the sample with X=1), alpha=0.05 (alpha=Type 1 error), and 

power=0.80 (power=power for testing if the Odds Ratio is equal to one). This 
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calculation was performed with the software “R”, release 3.1.3 (The R foundation for 

Statistical Computing) using the function “SSizeLogisticBin”. 

• According to the same author Hsieh (1998), the previous number of 776 patients had 

to be corrected in order to take into account the fact that there would be more than 1 

covariate in the model. The correction consisted of multiplying the previously 

obtained number of 776 by the Variance Inflation Factor [VIF= 1/(1-rho2)], where rho2 

is the multiple Correlation Coefficient relating X1 with X2,….Xp. Assuming that rho 

is equal to 0.4, a total number of 924 patients will be required for the “fitting” of the 

multivariate logistic regression models (corresponding to 462 cases + 462 controls). 

• Considering that the expected percentage of events is approximately 11%, 4,200 

patients are the minimum required in order to obtain 462 cases.  However, taking a 

drop-out rate of 15% (pDO=0.15), into account, 4,941 patients is the exact number 

required for the study, obtained with the following formula: NDO=N/(1-pDO) and, in 

sensibly rounding up this figure, we arrive at 5,000. 

• The estimate of the expected percentage of events was approximately 11%. This 

estimate was based on the results from the “APRICOT” study.  

 

Primary statistical analysis 

Descriptive analysis of the entire cohort of patients will be performed first. Patients characteristics 

will be provided with categorical data summarised in terms of absolute frequencies and 

percentages, quantitative variables summarised in terms of means and Standard Deviations (SD) 

in the case of normally distributed data and in terms of medians with 1st and 3rd quartiles (1st – 3rd 

q), or minimum and maximum values (min-max) in the case of skewed distributed data. The 

normality of the distributions will be evaluated by the Shapiro-Wilk test. 

The incidence for the occurrence of the primary end-point (number of interventions or critical 

events) will be reported as a frequency and 95% Binomial Exact Confidence Intervals. Critical 

events and interventions will be categorized by groups according to the study definitions. Using 

each physiological variable that triggered intervention as a continuous variable, a ROC analysis 

will be performed to identify the threshold for intervention.  

The associations between categorical data will be evaluated by the Chi-square test or by the 

Fisher’s Exact test in the case of expected frequencies less than 5. The relationship between 

quantitative variables and the outcome (poor outcome: yes/no) will be evaluated by the Student’s 

or Welch’s t test or the Mann-Whitney U test in the case of skewed distributed variables or 

homoschedasticity assumption not being fulfilled. The relationships between quantitative 

variables and categorical polynomial variables will be evaluated by the Analysis of Variance (F 

test), or by the non-parametric analysis of variance (Kruskal-Wallis test). In order to avoid the 
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“multiple comparison error”, the Scheffé test will be used as a posterior test or the Bonferroni’s 

correction will be applied. In the latter case, the P value will be reported as “PB”.  

All the tests will be two-sided and a P value < 0.05 will be considered as “statistically significant”. 

In the case of repeated observations of the same patient, generalized linear mixed models will be 

fitted to adjust for correlated observations using the binomial distribution for binary response 

variables, the Poisson distribution for counts, the negative binomial or quasi-Poisson distribution 

for over-dispersed counts, and the normal distribution for continuous dependent variables.  

Multiple relative risk regression models will be fitted in order to identify the potential risk factors 

that are associated with the various endpoints. Variables that were statistically associated with the 

outcome at the bivariate analysis or clinically relevant variables will be entered into the model. 

Variance inflation factors will be calculated to assess multicollinearity. We will consider 

collapsing some correlated binary or dichotomised categorical variables into one variable using 

the OR logical operator and excluding some of the highly correlated continuous variables. The 

log-Likelihood Ratio (LR) test will be used to test the relevance of each variable in the model. 

Adjusted Odds Ratios with their 95% Confidence Intervals (95% CI) will also be calculated and 

reported and the Area under ROC Curve of the model will be used as a measure of the goodness-

of-fit of the logistic regression model. 

Adjusted Relative Risks (RRAdj) with their 95% Confidence Intervals (95% CI) will also be 

calculated and reported for the Poisson Regression model. 

Multivariable analyses will be also carried out via generalized linear mixed models taking the 

participating centre as a random factor. 

 

Secondary analysis: 

Exploratory clinical outcomes or ancillary analysis will be performed to provide valuable 

information about the cohort such as those related to the airway and anaesthesia management, 

ventilation strategies, use of opioids, inotropes etc. Also number of children included by 

participating center during the study period will be compared with the occurrence of events and 

patients’ outcome to explore potential influence and/or correlation 

In addition, a subgroup analysis on patients undergoing congenital heart surgery is planned. 

Institutions/countries can request data extraction for further analysis and quality improvement 

projects. Extraction of database subsets must be approved by the Steering Committee.  

Handling of missing data: 

Since the primary outcome is the incidence of peri-anaesthetic intervention(s) and/or medical 

treatment(s) performed in response to a potentially life-threatening critical event or to correct 

major deviations in physiological parameters. We predict a small number of missing values.  

However, if there are missing variables among the data collected particularly those related to the 
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secondary outcome, we will drop the missing cases if the number is less than 5%. For the linear 

regression analysis, if the number of missing data is high, we will drop these cases from the 

analysis and we will perform a statistical imputation of the missing data (propensity score method) 

and subsequently we will compare the results obtained with or without data imputation. 

 

Software: 

The software “Statistica”, release 9 (StatSoft Inc., Tulsa, OK, USA) will be used for all univariate 

and bivariate analyses and the software “Stata”, release 11.0 (StataCorp, College Station, TX, 

USA), the R environment, version 3.6.0 (R Core Team (2019). R: A language and environment 

for statistical computing. R Foundation for Statistical Computing, Vienna, Austria), or the 

software SPSS, version 24.0 (IBM Corp. Released 2016. IBM SPSS Statistics for Windows. 

Armonk, NY: IBM Corp.) will be used for all the multivariate analyses.  

 

 

 

 

 


