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ABSTRACT

Background

This a priori statistical analysis Plan describes the analyses for INORDINATE

Methods:

INORDINATE (Inhaled Nitric Oxide ReDuce postoperatIve pulmoNAry

complicaTions in patiEnts with recent COVID-19 infection) aims to determine

whether the inhalation of high-concentration nitric oxide (NO) during surgery

will decrease postoperative pulmonary complications in surgical patients with

recent (within 7 weeks) SARS-CoV2 infection history. The study is a single

center parallel, two-arm, superior, randomized clinical trial. In total, 660 adult

patients with recent SARS-CoV-2 infection schedule for surgery under general

anesthesia and mechanical ventilation will be included. After anesthesia

induction, patients will be mechanically ventilated and randomly assigned to

inhaled 80 ppm NO or placebo until the end of mechanical ventilation or leave

the operation room(OR), whichever comes first. The primary outcome is a

composite measure of postoperative pulmonary complications (PPCs),

recorded as a composite endpoint within the first seven postoperative days.

Secondary endpoints include postoperative 30-day all-cause mortality, severity

of PPCs scaled by Clavien-Dindo classification, unplanned ICU admission,

postoperative length of hospital stay, thrombotic events (including deep

venous thrombosis and pulmonary embolism); and postoperative



comprehensive complication index (CCI). The main analyses will focus on the

primary and secondary outcomes for recent infected patients undergoing

surgery with mechanical ventilation. The analysis will use an intention-to-treat

approach to compare treatment arms.

Conclusions:

This documents provides a detailed statistical analysis plan for INORDINATE.
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Background

It has been reported that a history of SARS-CoV-2 infection is associated

with a transiently elevated risk of postoperative complications [1–3]. An

updated recommendation suggested postponing surgery for at least seven

weeks following SARS-CoV-2 infection, thereby reducing the risk of

postoperative complications and 30-day mortality to baseline levels (similar to

those without a history of SARS-CoV-2 infection) [4–6]. Postoperative

pulmonary complications (PPCs) were the most common and frequent

complications in patients with a history of COVID-19 infection [2, 7]. Even mild

PPCs is associated with increased incidence of postoperative short-term

mortality, ICU admission, and prolonged length of ICU and/or hospital

stays[15]. Various strategies have been proposed to prevent or mitigate PPCs

but with limited efficacy.

In recent years, there has been growing interest in the use of inhaled nitric

oxide (iNO) as a potential prophylactic or therapeutic intervention for PPCs.

iNO, a selective pulmonary vasodilator, has demonstrated its ability to improve

oxygenation, reduce pulmonary hypertension [8], and modulate inflammation

in various clinical settings, including pulmonary hypertension, acute lung injury,

and ARDS [9-12]. Moreover, iNO has been shown to have a favourable safety

profile, with few serious adverse events reported [13]. For patients underwent

cardiac surgeries, iNO has been shown to dilate pulmonary blood vessels [14],



reduce pulmonary arterial pressure and lower pulmonary vascular resistance

[15-20], and significantly improve oxygenation and patients prognosis [21, 22].

Particularly in patients undergoing aortic dissection surgeries, low-dosed iNO

was shown to improve oxygenation, thereby reducing the duration of

mechanical ventilation and ICU stay [23]. Additional benefits include a

reduction in postoperative complications related to inflammatory responses

among patients undergoing knee replacement surgery [24].

The guidelines pertaining to the management of critically ill adults with

Coronavirus Disease 2019 [25] recommended administration of inhaled oxide

as a rescue therapy for COVID-19 patients experiencing refractory hypoxemia

[26]. Studies have proposed NO inhalation as an effective strategy for

COVID-19 treatment [27], as SARS-CoV-2 modulates endogenous NO levels

and availability upon entering host cells. It was demonstrated that NO can

reduce SARS-CoV-2 viral load by 95% within 24 hours and over 99% within 72

hours [28]. Despite its theoretical plausibility and potential, the clinical

evidence supporting the efficacy of NO in treating COVID-19-related

pulmonary complications has primarily originated from observational studies

[29, 30] or small trials [31], yielding inconsistent reported results. Recently, a

phase II study demonstrated an improvement of PaO2/FIO2with high-dose NO

(at 80ppm) at 48 hours compared with usual care in adults with acute

hypoxemic respiratory failure due to COVID-19 [32]. Although the clinically

important hard outcomes did not differ, the exploratory results suggested that



inhaled NO leads to a steeper reduction in plasma viral load. In addition, at 80

ppm (relatively high dose), iNO was safe and well-tolerated.

The rationale for using iNO in treating surgical patients with COVID-19 is

well established and lies in several key mechanisms. There are however very

limited study exploring whether inhaled NO can improve postoperative lung

function, especially in non-cardiac surgeries. Furthermore, no randomised

controlled trial is available evaluating iNO in surgical patients with a history of

recent SARS-CoV-2 infection [33].

INORDINATE is a single-center, randomized placebo controlled trial that

aims to determine if intraoperative inhalation of 80 ppm NO will reduce the

postoperative pulmonary complications in surgical patients with recent (within

7 weeks) SARS-CoV-2 infection.

The trial commenced in Febrary17, 2023 and the estimated timeline for

completion of patient accrual was 12 months. Duration of participation for each

patient is 30 days (last follow-up). The total study duration is estimated to be

approximately 13 months. This statistical analysis plan details the planned

analyses for INORDINATE to facilitate the transparency of data analyses. The

trial protocol has previously been published [34].

STUDY OVERVIEW

Ethics and Study Design



Single centre, randomized superiority trial of inhaled nitric oxide during

intraoperative mechanical ventilation compared to standard care with placebo

nitrogen inhalation in a tertiary teaching hospital. The study protocol has been

approved by the institutional review board (IRB) at Xijing Hospital

(KY20232058-F1) and has been registered on ClinicalTrials.gov as

INORDINATE trial with the identifier NCT05721144. The informed consent will

be collected by investigators for all patients before inclusion in the trial. No

interim analyses is planned.

Study population

Adult participants (18 years of age or older) recently infected with

SARS-CoV-2 within 7 weeks and scheduled for surgery under general

anaesthesia with mechanical ventilation are potentially eligible for

INORDINATE.

Table 1. Eligibility Criteria

Inclusion

1. Patients who are  18 years old;

2. Patients who are diagnosed COVID-19 via RT-PCR, rapid

antigen or clinical symptoms verified by trained

professionals;

3. Surgery should have taken place within 7 weeks of

diagnostics of COVID-19;

4. Patients should have understood and signed the informed

consent.



Exclusion

1. The healthcare professionals, including surgeons,

anesthesiologists, and other personnel responsible for the

patient's treatment, or the investigators, have chosen to abstain

from participating in the study. Their decision is grounded in the

belief that the patient may not derive significant benefits from

inhaled nitric oxide (iNO)

2. ASA ≥ 4 or life expectancy < 24h;

3. Females during pregnancy or lactation;

4. Patients with severe liver diseases (defined as Child Pugh

score ≥ 12);

5. Patients with severe respiratory failure, requiring

mechanical ventilation or ECMO support before surgery;

6. Patients with severe kidney dysfunction (eGFRC  30

ml/min/1.73m2) or requiring any of ordinary renal replacement

therapy, hemodialysis or peritoneal dialysis;

7. Patients who have been participating in a different clinical

trial within a month.

Randomization and Masking

Eligible participants will be randomly allocated at 1:1 ratio to either NO

inhalation or placebo. The randomization process will utilize permuted-block

randomisation, with stratification based on the predicted risks of PPCs using

the Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT)

index (< 45 [low and medium risk], ≥ 45 [high risk]), as well as the time interval

from infection to surgery(≤ 10d, 11-28d, 29-49d). Random blocks of 4 or 6 will



be used for randomization. The allocation will be concealed by a web-based

system that was accessed no earlier than the morning of the surgery.

Intervention

All participants will receive perioperative management based on our

institutional standard practice, which includes various components such as

preoperative evaluation and preparation, general anaesthesia with or without

neuraxial anaesthesia and/or nerve blocks, mechanical ventilation, inotropic

drugs and vasopressors, postoperative sedation and analgesia, diuretics,

intravenous fluids, antibiotics and invasive monitoring. This management

regimen will encompass a range of interventions and monitoring, including but

not limited to non-invasive or invasive arterial pressure, electrocardiogram,

central venous pressure, cardiac output, pulse oximetry, temperature, urine

output, arterial blood gases, coagulation monitoring, and frequent routine

laboratory examinations. No additional interventions or laboratory tests beyond

the standard perioperative management will be conducted on participants. All

perioperative management will be at the discretion of the treating

anesthesiologist and in accordance with existing protocols for patients

undergoing surgery and equal for both groups. Predicted body weight will be

calculated as 50 + 0.91*( height [cm] -152.4) for male and 45.5 + 0.91*( height

[cm] -152.4) for female. Patients will be randomized into one of the following

interventions (Figure 1):



Inhalation of NO:

After randomization, patients assigned to NO group will receive NO

inhalation at a concentration of 80 parts per million (ppm) through the

respiratory circuit of a mechanical ventilator. The intervention will commence

immediately after tracheal intubation and will persist until either extubation or

the patient exits the operation room, whichever happens first.

Placebo group:

After randomization, patients assigned to placebo group will receive

standard care and inhalation with the NO vehicle gas, aka nitrogen through the

respiratory circuit of a mechanical ventilator. The intervention will commence

immediately after tracheal intubation and will persist until either extubation or

the patient exits the operation room, whichever happens first.

For the intervention details, please refer to the published protocol [34].



Figure 1. Flowchart

Data collection

A prespecified and designed case report form (CRF) will be used for data

collection. All data collected for the trial will be entered into the REDCap

application by trained research staff from the clinical chart source data.

Access to the data will be restricted and granted by the principal investigator

(PI) to authorized investigators within the study team. To ensure the quality



and integrity of collected data, various measures are implemented. After

completing the data collection (Table 2), the database will be locked and only

the PI (C.L.)and the statistician (Z.Z and C.L) responsible for the analyses will

have access to it.

STUDY OUTCOMES

Primary Endpoint

The primary endpoint is a composite measure of postoperative pulmonary

complications (PPCs) occurring within the first seven days after surgery.

Components include respiratory infection, respiratory failure, pleural effusion,

atelectasis, pneumothorax, bronchospasm, aspiration pneumonitis, and

pneumonia (detailed definition please refer to the published protocol [34]).

Secondary Endpoints

Secondary endpoints include postoperative 30-day all-cause mortality, severity

of PPCs scaled by Clavien-Dindo classification, unplanned ICU admission,

postoperative length of hospital stay, thrombotic events (including deep

venous thrombosis and pulmonary embolism); and postoperative

comprehensive complication index (CCI). Details on definition can be found in

the published study protocol [34]. Other measurements are non-pulmonary

complications including stroke, cardiac infarction, ventricular dysfunction,

delirium, acute kidney injury, surgical revision for bleeding,



hypotension/hypertension, arrhythmia, hyper-responsiveness.

Safety Outcomes

Safety outcomes include hypotension (SBP < 180 mmHg or a rise ≥ 30% of

baseline lasting for 5 min), arrhythmia (including bradycardia (HR 100 bpm), or

new-onset arrhythmia requiring anti-arrhythmic drugs), airway

hyper-responsiveness (airway peak pressure > 40 cm H2O), the count of NO

concentration adjustments, and massive bleeding (hemorrhage > 1000 ml).

Table 2. Summary table with all follow-up examinations

Screening
Phase

Study Phase

Treat
ment

Post treatment follow-up

Before
surgery

In OR PACU
discharge

ICU
discharge

Hospital
discharge

30 d
post

Evaluation
Inclusion/Exclusion
Criteria

 

Previous
Medical/Surgical
History



Informed Consent 

Prior Medication
History



Patient
Demography



Clinical Examination 

Vital Signs 

Randomization 

Lab Testing 

Treatment
Investigational 



STATISTICAL ANALYSIS PLAN

Scope of the Analysis plan

This Statistical Analysis Plan (SAP) presents the analyses for the

INORDINATE trial. The final manuscript will include follow-up data until leaving

hospital for the trial and analyses will follow this SAP strictly.

Sample Size Consideration

The sample size for this study has been calculated based on the

incidence of postoperative pulmonary complications of incidence of PPCs is

reported to be approximately 20% for all surgical populations [62, 63] and

increase up to 39.5% after COVID-19 infections[5]. The study assumes a 30%

PPC incidence in the control group. We anticipate a 30% relative reduction

(from 30% to 20%) in PPCs incidence for the iNO group. At 5% significance

level and on consideration of 10% dropouts, the sample size needed to

achieve 80% power is thus calculated to be 660 (330 per group) using a

Intervention
Compliance 

Outcome evaluation
Primary 

Secondary    

Safety
AE/SAE recording
(if any)

    



two-sided Chi-squared test with continuity correction.

Datasets for analyses

All statistical analyses will be conducted on an intention-to-treat basis,

with patients analyses according to their assigned treatment arms (Figure 1).

No or minimal losses to follow-up for the primary and secondary outcomes are

anticipated. Complete–case analysis will be carried out for all the outcomes.

However, if more than 5% of missing data were found for the primary outcome,

a sensitivity analysis using multiple imputations and estimating– equation

methods will be carried out.

Intent-to-treat population (ITT):

The intention-to-treat (ITT) population is defined as all randomized

patients. Patients in this population will be analyzed in the arm allocated by

randomization, regardless of eligibility criteria and treatment received, drop out,

or switched treatments during the trial.

The modified intention-to-treat (m-ITT) population will exclude participants

whose surgical procedure was canceled, who did not meet the eligibility after

randomization, who withdraw consent and without evaluable efficacy

endpoints.

As-treated:

The as-treated population is defined based on the treatment they actually

received during the trial. This takes into account the deviations from the



assigned treatment regimen, aka.the cross-overs from the assigned treatment

to the other treatment.

Per-protocol population (PP):

The per-protocol (PP) population includes all patients randomized to their

randomization arm and without major protocol deviations. In particular, the

analysis will be restricted to patients finished the full-term intervention as

assigned. Participants with treatment interruptions, or early discontinuations of

NO inhalation will be excluded from PP analysis. A list of exclusion will be

validated by the steering committee before freezing the database.

Stopping rules

The patient's participation in the study is terminated if the patient (or

trusted person) withdraws consent. In the event that the investigator

temporarily or permanently discontinues participation in the study for any

reason that would be in the best interest of the patient, particularly in the case

of serious adverse events suspected to be related to the intervention strategy

being tested, the patient remains in the analysis to respect the

intention-to-treat principle, and his or her data are collected until 30 days after

surgery (the final folllw-up).

No interim analysis was plans, therefore there is no prespecified early

termination rules for the study due to efficacy or futility.



Statistic significance and software

Hypothesis tests will be two–sided with a significance level of 0.05. No

Type I error corrections were conducted for multiple tests which will be

interpreted as exploratory results. Analyses will be performed using the R

program(R Foundation for statistical computing platform) version 4.1.0 or

higher.

Distribution of Subjects

Based on all subjects randomized, the number and percentage of subjects

who completed the study and withdrew early, as well as the number and

percentage of subjects who withdrew early for various reasons, will be

summarized if presented. Listing will be presented for the reasons for early

termination. Subjects who signed the informed consent but were not

randomized will be summarized with listing of reasons provided. Subject

distribution flow chart will be presented.

Protocol Deviation

Based on all the randomized subjects, major protocol deviation will be

summarized (if there is any), and listing will be provided for all.

General Approach

INORDINATE is designed to detect whether intraoperative administration of up



to 80 ppm NO can reduce PPCs from 30% to 20% in participants undergoing

surgical procedures under general anaesthesia who have been infected with

SARS-CoV-2 within 7 weeks. Hypothesis tests will be two– sided with a

significance level of 0.05. Strength of evidence (e.g., confidence intervals

around estimates) will be provided. Data will be screened for integrity prior to

full analysis.

Baseline and intraoperative Characteristics

Demographic, baseline, and intraoperative characteristics will be

summarised using descriptive statistics and will be presented by treatment

group. Categorical variables will be reported as counts and percentages.

Pertentages will be calculated according to the number of trial participants for

whom data are available. Where values are missing, the denominator will be

stated and no assumptions or imputations will be made. Continous variables

will be summarized in either means and standard deviation or medians and

interquartile range, according to the distribution of the variables.

T-test or Wilcoxon rank sum test will be used for comparison of continuous

data. χ2 test or Fisher’s exact test will be used for comparison of categorical

data. Normality for continuous variables will be assessed via the Shapiro-Wilk

normality test and visually using QQ-plots and residual plots. Appropriate

variable transformation such as natural logarithm will be applied in case of

non-normality. Should normality not be obtained through transformation of the



data, alternative non-parametric methods (such as Wilcoxon rank sum test)

will be applied. All statistical tests will be 2-tailed with p < 0.05 considered

statistically significant. All analyses will be performed on an intention-to-treat

basis.

Blinded Analysis

The primary analysis will be completed using blinded data. Treatment

groups will be identified using coded identifiers (i.e. treatment A and B).

Analyses will be performed and interpreted based on these blinded treatment

groups, prior to unblinding.

Missing and outlier Data

We anticipate no missing values in the primary outcome and very low

missing values in other variables if any. The demographics and chronic

medical history will be filled on site, intraoperative data will be monitored and

recorded in the operating rooms, and the follow-ups until discharge of hospital

or deaths can be traced back in the electronic health records. If patients are

lost during the 30-day follow-ups, no imputation will be conducted for

outcomes. Data missing at baseline will be reported as such. In case where

low missing rate (<5%) occurred with no trace-backs available, multiple

imputation will be performed as a sensitivity analysis.

Outliers will be subject to a confirmation request to the investigators. In



case of confirmation, their value will not be modified, and will be taken into

account as it is during the analysis.

Presentation of Data

The baseline demographic characteristics, surgical procedures performed

will be summarized descriptively by treatment group.

Quantitative variables will be described using the following descriptive

statistics: size, number of missing values, mean and standard deviation (SD),

median and interquartile range (IQR), or minimum and maximum as

appropriate depending on continuity.

Categorical variables will be summarized using the following descriptive

statistics: number of people, number of missing values, frequencies, and

percentages for each level of the variable (missing values will not be included

in the denominator of the percentage calculation).

Computation of dates

For calculation of durations, the date of index surgery corresponding to

the date of randomization or admission to the intensive care unit will be

considered as day 1, depending on the nature of the calculated duration.

Therefore, the durations will be calculated from the following rule, for example

for the postoperative length of hospital stay (in days):

Date of discharge from hospital - date of index surgery +1



For the time interval between SARS-CoV-2 infection and surgery, it will be

calculated in days as follow:

Date of index surgery - date of infection.

If only the infection date is reported as the first, middle or last third of the

month, the day considered will be the 5th, 15th or 25th of the month.

Primary Analysis

The effects of inhaled NO on incidence of PPCs will be reported as number

and percentages and estimated with risk ratio and 95% confidence intervals

calculated with Wald’s likelihood ration approximation test and with

Chi-squared or Fisher’s exact test for hypothethesis testing. The unadjusted

analysis will estimate risk ratios with 95% confidence intervals by two-by-two

table with the use of log-Normal approximation. In addition, the effect size will

be expressed as risk differences (95% confidence intervals) with the number

needed to treat as the reciprocal of the risk difference, rounded to the nearest

integer. This will further be analysed as the generalised linear models (GLM)

under binomial family with either log or logit link where appropriate. Odds

ratios or relative risks together with 95% confidence intervals will be reported.

Further adjustment on stratification variables such as ARISCAT index and time

interval from infection to surgery will be made. The point estimates with 95%

confidence intervals will be reported.



Sensitivity Analysis

The pre-specified sensitivity analysis will re-estimate the iNO effect on the

primary outcome using GLM using a binomial distribution. Additional

adjustment will be made for subgroups and any variables showing substantial

imbalance across treatment arms at baseline. We assessed the balance of

randomised groups on baseline and procedural characteristics using absolute

standardised difference, defined as the absolute difference in means, mean

ranks, or proportions divided by the pooled standard deviation. Baseline and

procedural characteristics with absolute standardised difference >0.15

(1.96*sqrt[1/330+1/330]) were considered to be imbalanced and would be

adjusted. The other way of exploring the potential imbalance accross

treatment arms with be achieved by constructing a a logistic regression model

to estimate the treatment effect and predictors of PPCs. Colinearity and

overfitting will be assessed through Pearson’s correlation tests and variation

inflation factors. If outcome events are observed to be rare, a Poisson

regression will be employed. Classic logistic regression will be performed with

a consistent number of events, and the number of covariates in the model will

be decided based on the number of outcomes. The ARISCAT score and

operation duration score used as one randomization stratification will be

treated as continuous variables, exploring their continuous impacts on the

outcome.



Time-to-event (PPC) within the observation window (7 days and 30 days

respectively) will be assessed using Kaplan-Meier curves and compared with

log-rank tests. Per-protocol and as-treated analyses of PPCs will serve as

sensitivity analyses. If a low missing rate (< 5%) in the primary outcome were

presented, an extra sensitivity analyses with multiple imputations would be

performed.

In addition to the standard analysis described above, the following

analyses will be performed to test the robustness of the trial findings:

(1) the count of positive component events within the composite will be

assessed and groups will be compared using a Wilcoxon rank–sum test, and

odds ratio with the 95% confidence interval will be assessed with a

proportional odds logistic regression;

(2) the effect of inhaled NO on each component will be analyzed using a

GLM using Bonferroni correction for multiple comparisons with 99.37%

Bonferroni–corrected confidence intervals reported (1 – 0.05/8 = 0.9937);

(3) a multivariate analyses treating different components as a multiple

outcome;

(4) the average relative effect test will be conducted to determine if the

average of component-specific treatment effects equals to zero and a distinct

treatment effect is estimated for each component via GEE;

(5) heterogeneity of treatment effect across components will be assessed

by a treatment–by–component interaction test;



(6) patients in the treatment and control groups will be paired by risk

profiles.

(7) The postoperative 30-day all-cause mortality will combined with

severity of PPCs scaled by Clavien-Dindo classification as a hierarchical

composite outcome. This composite endpoint will be analyzed using prioritized

generalized pairwise comparison methods, namely the win-ratio method/global

rank sum technique [35]. Each patient from the intervention group will be

compared to each patient in the placebo group (a total of m x n comparisons

where m is the total number of patients in the intervention group and n the

number of patients in the standard care group) for the death endpoint and then

on the Clavien-Dindo classification. Based on which patient performs better in

each pair, the group they belong to would be declared the ‘winner’. This would

give us the total number of winners in each group and our test statistic would

be based on this. In the case of the win-ratio method, for instance, the statistic

would be the number of winners in the intervention group divided by the

number of winners in the standard care/placebo group. This approach will

allow us to infer if the intervention is significantly better than the standard care

having taken into account the clinical priority i.e. treating mortality as a more

important outcome than having a better Clavien-Dindo classification. This work

will be reported separate to the main trial results.

(8)To enhance the interpretability of the results and provide valuable

information for decision-making, the INORDINATE trial will employ



Acceptability Curve Estimation using Probability above Threshold (ACCEPT)

analysis [36]. This analysis method involves calculating and plotting the

probabilities of the true difference between treatments being above various

acceptability thresholds, based on the data obtained from the trial. By using

this approach, the limitations of traditional binary trial conclusions, which

categorize results as either positive (meeting the trial aim) or negative (not

meeting the trial aim), can be overcome. ACCEPT analysis provides a more

nuanced understanding of the data and allows for a range of possible

threshold values to be considered, thereby facilitating more informed

decision-making.

Secondary Analysis

Secondary outcomes will be analyzed according to the intention-to-treat

principle. Proportion of patients experiencing secondary endpoints including

30-day all-cause mortality, unplanned ICU admission, thrombotic events

(including deep venous thrombosis and pulmonary embolism), non-pulmonary

complications (including stroke, cardiac infarction, ventricular dysfunction,

delirium, acute kidney injury, surgical revision for bleeding,

hypotension/hypertension, arrhythmia, hyper-responsiveness) will be

compared using Fisher’s exact test or Chi-squared tests depending on

incidence rate. Each component of the thrombotic events and non-pulmonary

complications will also be compared. The severity of PPCs scaled by



Clavien-Dindo classification will be treated as an ordinal variable; the ordinal

regressions will be conducted. Postoperative length of hospital stay will be

analysed using Kaplan-Meier curves and compared with log-rank tests. Cox

proportional hazard models were utilized for length-of-stay outcomes,

incorporating a shared frailty model. The proportionality assumption was

visually inspected using Kaplan-Meier plots, log-log plots, and Schoenfield

residuals, with no clear evidence of divergence. Non-parametric comparisons

were made using Kaplan-Meier curves and between-group log-rank tests.

For continuous outcomes, linear or quartile regression was chosen based

on the skewness of the distribution. Models were adjusted for the ARISCAT

index and the time interval from infection to surgery as per randomisation

strata, treated as fixed effects. Between-group risk differences were estimated

and reported with 95% confidence intervals. Adverse reactions were

documented and analyzed, with differences in incidence tested using Fisher

exact tests. No Type I error corrections were conducted for multiple tests in this

context.

Safety Outcome Analysis

Incidence of safety outcomes will be compared as primary analysis. The

count of NO concentration adjustments will be modeled using Poisson

regression.



Pre-defined Subgroup Analysis

Subgroup analysis will be conducted on age (<65 vs ≥ 65), sex (male vs

female), surgery types (cardiac or non-cardiac surgery), BMI (≤ 35, >35),

grades of complexity of surgery (minor, intermediate and major), duration of

anaesthesia (< 2hr, 2-3 hrs or ≥ 3hrs), history of smoking, one-lung ventilation,

ARISCAT (<26, 26-44 or ≥45), and time interval between infections and

operations (≤10, 11-28, 29-49d). Effect modification will be assessed by

stratification-and-group interactions in the generalised linear models. A forest

plot with P-for-interaction will be reported.



Reference

1. Bunch CM, Moore EE, Moore HB, et al. Immuno-Thrombotic Complications of

COVID-19: Implications for Timing of Surgery and Anticoagulation. Front Surg.

2022;9:889999. Published 2022 May 4. doi:10.3389/fsurg.2022.889999

2. COVIDSurg Collaborative; GlobalSurg Collaborative. SARS-CoV-2 infection and

venous thromboembolism after surgery: an international prospective cohort

study. Anaesthesia. 2022;77(1):28-39. doi:10.1111/anae.15563

3. COVIDSurg Collaborative. Outcomes and Their State-level Variation in Patients

Undergoing Surgery With Perioperative SARS-CoV-2 Infection in the USA: A

Prospective Multicenter Study. Ann Surg. 2022;275(2):247-251.

doi:10.1097/SLA.0000000000005310

4. Lieberman N, Racine A, Nair S, et al. Should asymptomatic patients testing

positive for SARS-CoV-2 wait for elective surgical procedures?. Br J Anaesth.

2022;128(5):e311-e314. doi:10.1016/j.bja.2022.02.005

5. Dobbs TD, Gibson JAG, Fowler AJ, et al. Surgical activity in England and Wales during

the COVID-19 pandemic: a nationwide observational cohort study. Br J Anaesth.

2021;127(2):196-204. doi:10.1016/j.bja.2021.05.001

6. El-Boghdadly K, Cook TM, Goodacre T, et al. Timing of elective surgery and risk

assessment after SARS-CoV-2 infection: an update: A multidisciplinary consensus

statement on behalf of the Association of Anaesthetists, Centre for Perioperative Care,

Federation of Surgical Specialty Associations, Royal College of Anaesthetists, Royal



College of Surgeons of England. Anaesthesia. 2022;77(5):580-587.

doi:10.1111/anae.15699

7. Deng JZ, Chan JS, Potter AL, et al. The Risk of Postoperative Complications After

Major Elective Surgery in Active or Resolved COVID-19 in the United

States. Ann Surg. 2022;275(2):242-246. doi:10.1097/SLA.0000000000005308

8. Roberts JD Jr, Fineman JR, Morin FC 3rd, et al. Inhaled nitric oxide and

persistent pulmonary hypertension of the newborn. The Inhaled Nitric Oxide

Study Group. N Engl J Med. 1997;336(9):605-610.

doi:10.1056/NEJM199702273360902

9. Checchia PA, Bronicki RA, Goldstein B. Review of inhaled nitric oxide in the

pediatric cardiac surgery setting. Pediatr Cardiol. 2012;33(4):493-505.

doi:10.1007/s00246-012-0172-4

10. Frostell C, Fratacci MD, Wain JC, Jones R, Zapol WM. Inhaled nitric oxide. A

selective pulmonary vasodilator reversing hypoxic pulmonary

vasoconstriction [published correction appears in Circulation 1991

Nov;84(5):2212]. Circulation. 1991;83(6):2038-2047.

doi:10.1161/01.cir.83.6.2038

11. Barr FE, Macrae D. Inhaled nitric oxide and related therapies. Pediatr Crit Care

Med. 2010;11(2 Suppl):S30-S36. doi:10.1097/PCC.0b013e3181c76b42

12. Germann P, Braschi A, Della Rocca G, et al. Inhaled nitric oxide therapy in

adults: European expert recommendations. Intensive Care Med.



2005;31(8):1029-1041. doi:10.1007/s00134-005-2675-4

13. Yu B, Ichinose F, Bloch DB, Zapol WM. Inhaled nitric oxide. Br J Pharmacol.

2019;176(2):246-255. doi:10.1111/bph.14512

14. Matamis D, Pampori S, Papathanasiou A, et al. Inhaled NO and sildenafil

combination in cardiac surgery patients with out-of-proportion pulmonary

hypertension: acute effects on postoperative gas exchange and

hemodynamics. Circ Heart Fail. 2012;5(1):47-53.

doi:10.1161/CIRCHEARTFAILURE.111.963314

15. Miller OI, Tang SF, Keech A, Pigott NB, Beller E, Celermajer DS. Inhaled nitric

oxide and prevention of pulmonary hypertension after congenital heart

surgery: a randomised double-blind study. Lancet. 2000;356(9240):1464-1469.

doi:10.1016/S0140-6736(00)02869-5

16. Klodell CT Jr, Morey TE, Lobato EB, et al. Effect of sildenafil on pulmonary

artery pressure, systemic pressure, and nitric oxide utilization in patients with

left ventricular assist devices. Ann Thorac Surg. 2007;83(1):68-71.

doi:10.1016/j.athoracsur.2006.08.051

17. Ardehali A, Hughes K, Sadeghi A, et al. Inhaled nitric oxide for pulmonary

hypertension after heart transplantation. Transplantation. 2001;72(4):638-641.

doi:10.1097/00007890-200108270-00013

18. Winterhalter M, Simon A, Fischer S, et al. Comparison of inhaled iloprost and

nitric oxide in patients with pulmonary hypertension during weaning from



cardiopulmonary bypass in cardiac surgery: a prospective randomized trial. J

Cardiothorac Vasc Anesth. 2008;22(3):406-413. doi:10.1053/j.jvca.2007.10.015

19. Antoniou T, Koletsis EN, Prokakis C, et al. Hemodynamic effects of

combination therapy with inhaled nitric oxide and iloprost in patients with

pulmonary hypertension and right ventricular dysfunction after high-risk

cardiac surgery. J Cardiothorac Vasc Anesth. 2013;27(3):459-466.

doi:10.1053/j.jvca.2012.07.020

20. Antoniou T, Prokakis C, Athanasopoulos G, et al. Inhaled nitric oxide plus

iloprost in the setting of post-left assist device right heart dysfunction. Ann

Thorac Surg. 2012;94(3):792-798. doi:10.1016/j.athoracsur.2012.04.046

21. Canet J, Gallart L, Gomar C, et al. Prediction of postoperative pulmonary

complications in a population-based surgical cohort. Anesthesiology.

2010;113(6):1338-1350. doi:10.1097/ALN.0b013e3181fc6e0a

22. Berra L, Rodriguez-Lopez J, Rezoagli E, et al. Electric Plasma-generated Nitric

Oxide: Hemodynamic Effects in Patients with Pulmonary Hypertension. Am J

Respir Crit Care Med. 2016;194(9):1168-1170.

doi:10.1164/rccm.201604-0834LE

23. Alqahtani JS, Aldhahir AM, Al Ghamdi SS, et al. Inhaled Nitric Oxide for

Clinical Management of COVID-19: A Systematic Review and

Meta-Analysis. Int J Environ Res Public Health. 2022;19(19):12803. Published

2022 Oct 6. doi:10.3390/ijerph191912803



24. Mathru M, Huda R, Solanki DR, Hays S, Lang JD. Inhaled nitric oxide

attenuates reperfusion inflammatory responses in humans. Anesthesiology.

2007;106(2):275-282. doi:10.1097/00000542-200702000-00015

25. Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan E, Oczkowski S,

Levy MM, Derde L, Dzierba A, Du B, Aboodi M, Wunsch H, Cecconi M, Koh Y,

Chertow DS, Maitland K, Alshamsi F, Belley-Cote E, Greco M, Laundy M,

Morgan JS, Kesecioglu J, McGeer A, Mermel L, Mammen MJ, Alexander PE,

Arrington A, Centofanti JE, Citerio G, Baw B, Memish ZA, Hammond N,

Hayden FG, Evans L, Rhodes A. Surviving Sepsis Campaign: guidelines on the

management of critically ill adults with Coronavirus Disease 2019 (COVID-19).

Intensive Care Med. 2020 May;46(5):854-887. doi:

10.1007/s00134-020-06022-5. Epub 2020 Mar 28.

26. Khokher W, Malhas SE, Beran A, Iftikhar S, Burmeister C, Mhanna M, Srour O,

Rashid R, Kesireddy N, Assaly R. Inhaled Pulmonary Vasodilators in COVID-19

Infection: A Systematic Review and Meta-Analysis. J Intensive Care Med. 2022

Oct;37(10):1370-1382. doi: 10.1177/08850666221118271. Epub 2022 Aug 2.

27. Rajendran R, Chathambath A, Al-Sehemi AG, et al. Critical role of nitric oxide

in impeding COVID-19 transmission and prevention: a promising

possibility. Environ Sci Pollut Res Int. 2022;29(26):38657-38672.

doi:10.1007/s11356-022-19148-4

28. Alvarez RA, Berra L, Gladwin MT. Home Nitric Oxide Therapy for

COVID-19. Am J Respir Crit Care Med. 2020;202(1):16-20.



doi:10.1164/rccm.202005-1906ED

29. Longobardo A, Montanari C, Shulman R, Benhalim S, Singer M, Arulkumaran

N. Inhaled nitric oxide minimally improves oxygenation in COVID-19 related

acute respiratory distress syndrome. Br J Anaesth. 2021;126(1):e44-e46.

doi:10.1016/j.bja.2020.10.011

30. Al Sulaiman K, Korayem GB, Altebainawi AF, et al. Evaluation of inhaled nitric

oxide (iNO) treatment for moderate-to-severe ARDS in critically ill patients

with COVID-19: a multicenter cohort study. Crit Care. 2022;26(1):304.

Published 2022 Oct 3. doi:10.1186/s13054-022-04158-y

31. Valsecchi C, Winterton D, Safaee Fakhr B, et al. High-Dose Inhaled Nitric Oxide

for the Treatment of Spontaneously Breathing Pregnant Patients With Severe

Coronavirus Disease 2019 (COVID-19) Pneumonia. Obstet Gynecol.

2022;140(2):195-203. doi:10.1097/AOG.0000000000004847

32. Di Fenza R, Shetty NS, Gianni S, Parcha V, Giammatteo V, Safaee Fakhr B,

Tornberg D, Wall O, Harbut P, Lai PS, Li JZ, Paganoni S, Cenci S, Mueller AL,

Houle TT, Akeju O, Bittner EA, Bose S, Scott LK, Carroll RW, Ichinose F,

Hedenstierna M, Arora P, Berra L; Nitric Oxide Investigators. High-Dose

Inhaled Nitric Oxide in Acute Hypoxemic Respiratory Failure Due to COVID-19:

A Multicenter Phase II Trial. Am J Respir Crit Care Med. 2023 Dec

15;208(12):1293-1304. doi: 10.1164/rccm.202304-0637OC.

33. Shei RJ, Baranauskas MN. More questions than answers for the use of inhaled

nitric oxide in COVID-19. Nitric Oxide. 2022;124:39-48.



doi:10.1016/j.niox.2022.05.001

34. Zheng Z, Wang L, Wang S, et al. Inhaled Nitric Oxide ReDuce postoperatIve

pulmoNAry complicaTions in patiEnts with recent COVID-19 infection

(INORDINATE): protocol for a randomised controlled trial. BMJ Open

2024;14:e077572. doi:10.1136/ bmjopen-2023-077572

35. Pocock SJ, Ariti CA, Collier TJ, Wang D. The win ratio: a new approach to the

analysis of composite endpoints in clinical trials based on clinical

priorities. Eur Heart J. 2012;33(2):176-182. doi:10.1093/eurheartj/ehr352

36. Clements MN, White IR, Copas AJ, et al. Improving clinical trial interpretation

with ACCEPT analyses. NEJM Evid. 2022;1(8):evidctw2200018. Published 2022

Jul 26. doi:10.1056/EVIDctw2200018


