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ABSTRACT

Objective: The pilot study is planned to evaluate a strategy feasible and practical to
prevent perioperative hypotension for a full trial.

Design: A prospective, single-centre, double-blinded, randomized-controlled pilot trial.

Setting: We included patients in tertiary university hospital whereas our planned full trial

will involve dozens of centers around the world.

Participants: This trial included 80 adult patients scheduled for non-cardiac surgery.

Interventions: In patients randomized to tight blood pressure (BP) control, intraoperative

mean arterial pressure (MAP) was targeted to >85 mmHg maintained with
norepinephrine infusion, and chronic antihypertensive medications was delayed until the
third postoperative day. Routine BP management was with some expected intraoperative
hypotension and immediately restart antihypertensive medications.

Primary and secondary outcome measures: High-sensitivity troponin I and creatinine
were evaluated preoperatively and daily for the initial three postoperative days. Primary
outcomes were fraction of time, area under curve and time weighted average of
intraoperative and postoperative hypotension. Secondary outcomes was the time
antihypertensive medications were restarted after surgery.

Keywords: Anesthesia, blood pressure, perioperative management, myocardial injury
after non-cardiac surgery, myocardial infarction, acute kidney injury, delirium.

Results: Forty patients in each group were analyzed. The median for intraoperative area
of MAP >85 mmHg was 1303 [772-2419] mmHg*min in routine BP cases and 2425
[1926- 3545] mmHg*min in tight BP control. The area for intraoperative MAP

<65 mmHg was 7 [0-40] mmHg*min with routine BP management, and 0 [0-0]
mmHg*min with tight BP control. Antihypertensive medications were restarted 2 [1 to 3]
days later in tight BP control cases. However, postoperative systolic pressures were
similar.

Conclusions: Tight BP management markedly increased intraoperative MAP and
reduced the amount of hypotension. In contrast, delaying chronic antihypertensive
medications had little effect on postoperative systolic pressure. The full trial appears

feasible and remains necessary.
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*  Trial registration: www.clinicaltrials.gov (NCT04789733).

Strengths and limitations of this study

We achieved excellent separation of intraoperative mean arterial pressures from the
preliminary results.

Tight BP management markedly increased intraoperative MAP and reduced the amount of
hypotension and the full trial appears feasible and remains well warranted.

This was conducted in a single center whereas our planned full trial will involve dozens of
centers around the world.

Our results demonstrating that BP management is feasible does not mean that it will prove
practical at all trial sites.

Word count: 3073

INTRODUCTION

Mortality in the 30 days after surgery is more than 100 times higher than intraoperative
mortality.! Myocardial injury and associated vascular complications are among the leading
causes of postoperative mortality.? Intraoperative hypotension is associated with myocardial
injury after non-cardiac surgery (MINS) and myocardial infarction (MI), with the apparent
harm threshold being a mean arterial pressure (MAP) = 65 mmHg.» # Furthermore,
postoperative hypotension is associated with myocardial infarction even after adjustment for
intraoperative hypotension.’

The harm threshold for perioperative acute kidney injury (AKI) also appears to be a mean
arterial pressure (MAP) near 65 mmHg.® Perioperative hypotension is also associated with
delirium and cognitive decline,” ® although inconsistently.® Furthermore, cumulative duration
of MAP less than 50, 55, 60, 70, and 80 mmHg appear associated with increased odds of
30-day mortality after noncardiac surgery is reported in a retrospective cohort.* Hypotension
prevention may therefore be a modifiable factor that reduces postoperative cardiovascular and
perfusion related complications.

There is currently sparse evidence that the associations observed between hypotension and
myocardial and renal injury are casual. A small randomized trial (n=292) reports that
preventing intraoperative hypotension reduces the risk of major complications by 25%.'° In
contrast, a 458-patient randomized trial demonstrated no improvement with tight
intraoperative blood pressure control.!! Limited randomized data (n=199) also suggests that
hypotension causes delirium.?

A robust trial remains necessary to characterize the potential benefits of reducing
perioperative hypotension in high-risk patients. We therefore plan a multi-national
randomized trial to test the primary hypothesis that perioperative hypotension prevention in
high-risk patients reduces a composite of perfusion-related complications in the 30 days after
major non-cardiac surgery. In anticipation of the full trial, we conducted a pre-planned pilot
trial — reported here — designed to evaluate feasibility, especially the ability to target blood
pressure per protocol.
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METHODS AND ANALYSIS: PARTICIPANTS, INTERVENTION, AND
OUTCOMES

Study design

This single-center trial was performed in China-Japan Union Hospital of Jilin University
(Jilin, China). The study was approved by the Institutional Review Board (IRB #20201120)
on November 30, 2020 and written informed consent was obtained from all subjects
participating in the trial. The trial was registered prior to patient enrollment at
clinicaltrials.gov (NCT04789733, named as The GUARDIAN Pilot Trial, Principal
investigator: K.L.).

Inclusion criteria

Major inclusion criteria were age >45 years; noncardiac surgery expected to last at least 2
hours; overnight hospitalization; ASA physical status 2-4; chronically taking at least one
anti-hypertensive medication; and expected to have an arterial catheter.

Exclusion criteria

Participants were also required to have at least one of following risk factors: 1) history of
peripheral arterial surgery; 2) history of coronary artery disease; 3) history of stroke or
transient ischemic attack; 4)serum creatinine >175 pmol/L (>2.0 mg/dl); 5) diabetes
requiring medication; 6) current smoking or 15 pack-year history of smoking tobacco;
7) scheduled for major vascular surgery; 8) body mass index >35 kg/m2; 9) preoperative
high-sensitivity troponin T >14 ng/L or troponin I equivalent; or 10) B-type natriuretic protein
(BNP) >80 ng/L or N-terminal B-type natriuretic protein (NT-proBNP) >100 ng/L.

Patients were excluded when they were scheduled for carotid artery surgery, intracranial
surgery, partial or complete nephrectomy, pheochromocytoma surgery or liver
transplantation. Patients were similarly excluded if they had a condition that precluded routine
or tight blood pressure management or had end-stage renal disease. And finally, we also
excluded patients with dementia or impairments that might compromise cognitive
assessments.

Randomization and masking

Participants were randomly allocated using computer-generated assignments to tight or
routine pressure management in a 1:1 ratio without stratification in a block size of four by an
independent statistician (D.S.Y) using SAS 9.2 software (SAS Institute, USA). Allocation
was concealed within sealed opaque envelopes until shortly before anesthesia induction.

Intervention

The original protocol is detailed in Supplemental Text Document. No changes were made
before trial data were accessed. This manuscript adheres to the applicable CONSORT
guidelines.
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The pilot trial was designed to inform a future pivotal trial by considering two co-primary
feasibility hypotheses. First that there is suitable statistical significant separation of
intraoperative and postoperative blood pressure across two blood pressure management
strategies (intraoperative MAP maintained > 85 mmHg and postoperative tight pressure
control versus routine care with some hypotension expected). And second, that restarting
routine antihypertensive medications per protocol is feasible (restart delayed until the third
postoperative day versus immediate restart). We also consider the exploratory efficacy
hypothesis that perfusion-related complications and delirium are reduced by tight
perioperative blood pressure control.

In patients assigned to tight pressure management, angiotensin converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs) were not given the morning of surgery. A
norepinephrine peripherally intravenous infusion was adjusted to maintain intraoperative
MAP > 85 mmHg. General anesthesia was induced and maintained per routine, .Fluid
administration and blood transfusion were also per clinical judgement. Resumption of chronic
anti-hypertensive medications was delayed until the third postoperative day unless deemed
necessary to treat hypertension or for another clinical indication.

In patients assigned to routine pressure management, routinely used ACEIs and ARBs were
given the morning of surgery if deemed appropriate by the attending anesthesiologist. General
anesthesia was induced and maintained per routine. Fluid administration and blood
transfusion were also per clinical judgement. Intraoperative pressure management was per
routine. As usual, chronic anti-hypertensive medication was restarted shortly after surgery
unless contraindicated by hypotension.

Blinding

Randomization and group assignment were performed by an investigator (K.L) who did not
participate in perioperative care or data collection. Anesthesiologists who were responsible
for anesthetic management were not involved in trial follow up. Investigators (H.Z.T, L.W.Y)
who performed postoperative follow-up and patients were masked to study group assignment.
The trial was thus assessor blinded.

Data collection

The required data will be collected by trained research staff, recorded in paper based case
report forms (CRFs) and then stored into Excel digital forms. Assessors will conduct the
follow-up procedures in person.

Measurements

Intraoperative pressures from the required arterial catheter were automatically recorded in our
electronic anesthesia records at 1-minute intervals. Typically, postoperative pressures were
measured oscillometrically at 8-hour intervals.

For perfusion-related complications, we considered a collapsed (one or more) composite of
myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury defined by
the creatinine component of the Kidney Disease: Improving Global Outcomes (KIDGO)
definition, deep or organ-space infection, sepsis, and all-cause mortality within 30 days of
surgery. We required high-sensitivity troponin I and creatinine preoperatively and daily for
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the initial three postoperative days.

Myocardial injury after non-cardiac surgery was defined as troponin I exceeding the local
99th percentile (0.04 ng/L)."3 Strokes were detected based on clinical symptoms and required
radiographic evidence consistent with new-onset cerebral ischemic or hemorrhagic injury.
Delirium was assessed between 7-10 AM and again between 5-8 PM by 3D-CAM for the
initial four postoperative days while patients remain hospitalized,'* with any positive
assessment being considered evidence of delirium.

Primary outcomes
The first co-primary outcome was the fraction of time when intraoperative MAP was >85
mmHg, intraoperative area of MAP >85 mmHg, and intraoperative area of MAP <65 mmHg.

Secondary outcomes

The second co-primary outcome was postoperative blood pressure management, characterized
by the time routine antihypertensive medications were restarted after surgery.

The secondary feasibility outcome measures were time-weighted average (TWA)
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative
systolic blood pressure (SBP), and mean of the lowest 3 postoperative SBPs. Post-hoc, we
also defined the measures intraoperative area over MAP >80 mmHg and area of MAP <60
mmHg as additional secondary outcomes.

The exploratory efficacy outcome measures were: 1) perfusion-related complications within
30 days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

Data and sample storage
All relevant clinical trial materials will be saved for at least 3 years after termination of the
trial. The investigators and statistician have access to the whole data set.

Data monitoring
Due to the low-risk of the intervention, Data Monitoring Committee is not considered
necessary in our study.

Protocol changes
No changes were made before trial data were accessed. Any important protocol modifications
such as sample size will be communicated to relevant parties.

Power calculation

The study enrolled 40 patients in each treatment group. Design analysis for the study was
done after patients were enrolled, but before data were accessed.

The fraction of time spent above 85 mmHg was assumed to be distributed as Beta (5, 5) and
with the above sample size, the confidence interval half-width for estimating the mean would
be 0.05 which was deemed to be sufficiently precise. The beta distribution was appropriate as
the outcome was restricted to the closed interval between 0 and 1. The observed confidence
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interval widths were 0.01.

Area of MAP <65 mmHg is typically heavily positively skewed. Using the same sample size
as above, we assumed that area of MAP <65 mmHg would be distributed as Gamma (0.25,
0.1) which would give us a confidence interval half-width of 0.73. This was deemed to be
sufficiently precise for estimation of the median area of MAP <65 mmHg. The observed CI
half-widths were 8.6 [reference group] and 0 [treatment group].

Statistical analysis

Balance on baseline characteristics was assessed using absolute standardized difference
(ASD), which is defined as the absolute difference in means, ranks, or proportions divided by
the pooled standard deviation. Groups were considered to be imbalanced with respect to a
baseline characteristic when ASD exceeded 0.44 [1.96*sqrt(1/n1 + 1/n2)]."3

We primarily evaluated the effect of tight blood pressure control on the fraction of time when
intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests were used to
evaluate the effect of tight perioperative BP control on intraoperative area of MAP
>85 mmHg, intraoperative area of MAP <65 mmHg, and time to restart routine
antihypertensive medications after surgery.

We also evaluated the effect of tight blood pressure control on intraoperative area of MAP
>80 mmHg, and intraoperative area of MAP <60 mmHg using Wilcoxon rank-sum tests. We
used two-sided, two-sample t-tests to evaluate the effect of blood pressure control on
time-weighted average intraoperative mean arterial pressure, cumulative minimum MAP for
10 minutes, time weighted average SBP, and mean of the lowest 3 postoperative SBPs. On an
exploratory bases, we used log-binomial models to evaluate a collapsed composite of
perfusion-related complications, and postoperative delirium.

All analyses were conducted using R 4.0.2.

Patient and public involvement
There was no patient involved.

Ethics and dissemination:

The protocol was approved by The Ethics Committee of the China-Japan Union Hospital of
Jilin University, Changchun, China, (Chairperson Prof. Songyan Liu) on 28 June 2022.
(Approval number: 20201120). The study was approved by the Institutional Review Board
(IRB #20201120) on November 30, 2020 and written informed consent was obtained from all
subjects participating in the trial.

Preliminary result

Between May 23, 2021, and September 29, 2021, 9618 cases were screened, and 393 were
deemed eligible. Two-hundred and ninety cases were preferentially introduced and enrolled
by another trial. A total of 103 patients were approached and 80 cases were consented. Forty
patients were randomized to tight pressure management and 40 were randomized to routine
pressure management. No patients withdrew before hospital discharge. Our CONSORT flow
diagram is presented in Figure 1. Three patients assigned to tight pressure management were
lost between discharge and the 1-month follow-up assessment. There were thus 80 patients
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included in final analysis (K.S). The last patient follow-up was completed on November 1,
2021.

Patient demographic and baseline characteristics are presented in Table 1. Only diastolic
blood pressure (DBP) and surgery type were imbalanced, with ASD >0.44.

Table 1. Baseline patient and demographic characteristics

Routine perioperative BP Tight perioperative

Characteristic control BP management ASD
N=40 N=40
Age 68(10) 67(10) 0.12
Height - cm 166(8) 165(8) 0.06
Weight - kg 66(12) 71(16) 0.28
SBP 142 (18) 148(21) 0.31
DBP 80 (10) 86(10) 0.67"
Surgery Type 0.66"
Abdominal 23 (58%) 18 (45%)
Gynecologic 0 (0) 1 (2%)
Neurosurgical 2 (5%) 6 (15%)
Orthopedic 6 (15%) 3 (8%)
Thoracic 7 (18%) 12 (30%)
Thoracic and abdominal 1 (2%) 0(0)
Urology 1 (2%) 0(0)
Smokers 8 (20%) 6 (15%) 0.13

Data are presented as means (SD)s or n (%) as appropriate.
ASD — Absolute Standardized Difference; "ASD > 0.44 indicates imbalance.

The mean(SD) fraction of time with intraoperative MAP exceeding 85 mmHg (i.e., time when
MAP >85 mmHg divided by total surgery duration) was 0.52(0.25) in patients assigned to
routine blood pressure management and 0.87(0.15) in those assigned to tight control. The
estimated absolute difference in the mean fraction of time between tight and routine blood
pressure management was 0.35 [0.26 to 0.44].

The median intraoperative area of MAP >85 mmHg was 1303 [772-2419] mmHg*min in
patients assigned to routine perioperative BP control and 2425 [1926- 3545] mmHg*min in
those assigned to tight perioperative BP management (Figure 2). Tight blood pressure control
increased area of MAP >85 mmHg by 1102 [596 to 1608] mmHg*min. Similarly, for
intraoperative area of MAP <65 mmHg, the median was 7 [0-40] mmHg*min with routine
pressure management, and 0 [0-0] mmHg*min with tight control (Figure 3). Tight pressure
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control thus reduced exposure to MAP <65 mmHg by 6 [2 to 15] mmHg*min. In the routine

pressure management group, 40% (n = 16) of the patients experienced hypotension (any time

below 65 mmHg) with a median duration of 6 [2-9] minutes compared to 10% (n = 4) in the

tight blood pressure control group, with a median durat-ion of 5 [4-6] minutes (Figure 4).

The median intraoperative area of MAP >80 mmHg was 1917 [1249- 3169] mmHg*min in
patients assigned to routine BP control and 3355 [2549-4417] mmHg*min in the patients
assigned to tight BP control. The area of MAP >80 mmHg was thus 1335 [667 to 1928]
mmHg*min greater in patients assigned to tight pressure control. For intraoperative area of

MAP <60 mmHg, the median was 0 [0-6] mmHg*min with routine pressure management and

0 [0-0] mmHg*min with tight pressure control, for an estimated treatment effect of 0 [0 to 0]

(Table 2).

Table 2. Summary of analysis results.

Routine BP Tight Perioperative Estimated
Outcome Management* BP Control* treatment effect
N=40 N=40 [95% CI]
Primary Outcomes
Fracti fint ti i
raction of intraoperative period 0.52(0.25) 0.87(0.15) 0.35 [0.26 to 0.44]**

with MAP >85 mmHg

Area of intraoperative MAP >85
mmHg (mmHg*min)

Area of intraoperative MAP <65
mmHg (mmHg*min)

Time to restart antihypertensive
medications (days)

1303 [772-2419]

7 [0-40]

1[1-1]

2425 [1926- 3545] 1102 {596 to

1608]%**
0 [0-0] -6 [-15 to -2]***
4[3-4] 2[1 to 3]***

Secondary Outcomes

Area of intraoperative MAP >80
mmHg (mmHg*min)

Area of intraoperative MAP <60
mmHg (mmHg*min)

Time-weighted average
intraoperative MAP (mmHg)

1917 [1249- 3169]

0 [0-6]

89(9)

3355 [2549-4417] 1335667 to

1928]%*
0 [0-0] 0 [0 to 0]**
101(8) 12 [8 to 16]***
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Minimum intraoperative MAP
sustained for 10 cumulative 71(9) 85(9) 14 [11 to 18]***
minutes (mmHg)

Mean postoperative systolic

133(1 138(1 -1 to 11]***
pressure (mmHg) 33(15) 38(13) S[todl
Mean of 3 lowest postoperative

- 122(14 127(14 5 [-1 tol 1]#+*
systolic pressures [mmHg] (14) (14) [-1 tol1]

*Data presented as means (SD) or medians [IQR]
** Difference in means and 95% CI

*** Hodges Lehmann shift estimator

The difference in the intraoperative TWA MAP between tight and routine pressure
management was 12 [8 to 16] mmHg, and the difference in cumulative intraoperative
minimum MAP sustained for 10 minutes was 14 [11 to 18] mmHg. (Supplemental Figure 1;
Table 2).

Antihypertensive medications were restarted 2 [1 to 3] days later in patients assigned to tight
blood pressure control. The difference in postoperative mean SBP between tight and routine
pressure management was 5 [-1 to 11] mmHg, and the difference in mean of the lowest 3
postoperative SBP measurements was also 5 [ -1 to 11] mmHg (Supplemental Figure 2; Table
2).

The incidence of perfusion related complications was 12% in both groups and the relative risk
was estimated to be 1.0 [0.3 to 3.3]. No delirium was detected in either group. No severe
adverse events were attributed to the study.

DISCUSSION

Intraoperative blood pressure management was excellent in patients assigned to tight control
titrated with norepinephrine intravenous infusion, and MAP exceeded the target of 85 mmHg
87% of the time. Furthermore, the average of the lowest mean arterial pressures sustained for
ten minutes in the tight group was 85 mmHg, indicating that mean arterial pressures in these
patients was only rarely and transiently less than 85 mmHg. Intraoperative pressures also
exceeded 85 mmHg about half the time in patients assigned to routine management which is
unsurprising since hypertension was an inclusion criterion for the trial.

Because patients cannot be randomized to hypotension, the more important question is the
extent to which pressures were <65 mmHg, which is thought to be the intraoperative harm
threshold, with routine management.3 Unsurprisingly, there was almost no hypotension in
patients assigned to tight control whereas the median area <65 mmHg was 7 mmHg*min in
those with routine management. Furthermore, the lowest mean arterial pressures sustained for
ten minutes in patients assigned to routine management was 71(9) mmHg, and about 40% had
lowest sustained pressures <65 mmHg. There were thus distinct differences in mean arterial
pressures in the two management groups, with one having virtually no hypotension and the
other often experiencing mean pressures <65 mmHg.
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Antihypertensive management was successful with the mean restart day being 1 with routine
management and 4 with tight management, corresponding to a difference of 2 [95% CI: 1 to
3] days which is a clinically meaningful difference. However, antihypertensive management
had little effect on postoperative systolic pressures, with the lowest three measurements
differing by only 5 mmHg. Furthermore, the average lowest measurements exceeded
120 mmHg which is well above proposed postoperative harm threshold defined either by a
mean arterial pressure of 75 mmHg!'¢ or a systolic pressure of 90 mmHg.?

Previous studies report considerably more postoperative hypotension than we observed. For
example, Liem reported that 2 cumulative hours below threshold of 60 mmHg occurred in 8%
patients and 4 continuous hours less than 75 mmHg occurred in 48% patients.!® Khanna and
colleagues similarly reported that 63% of patients experienced a MAP <75 mmHg within 48
hours after surgery, and that 22% experienced MAP <65 mmHg.!” However, there were two
important differences between our trial and previous observational reports. The first is that
both previous reports were based on continuous noninvasive blood pressure monitoring rather
than oscillometric assessments at 8-hour intervals. Continuous monitoring will obviously
detect more hypotension than intermittent monitoring. Furthermore, continuous non-invasive
monitors are not well validated and may at times generate false low values. More frequent
postoperative measurements would be helpful in a full trial. The second important difference
between current and previous results is that enrollment in our pilot trial was restricted to
patients taking anti-hypertensive medications, and thus having a diagnosis of hypertension. It
is understandable that hypertensive patients would have less hypotension than a general
surgical population.

Only 10 of 80 patients experienced our composite outcome of major perfusion-related
complications, evenly split between the treatment groups. With so few events, the (lack of)
difference between the groups is noninformative. Curiously, no delirium was observed in our
80 patients. The incidence of delirium after non-cardiac surgery varies widely, but is probably
now lower than previously reported.'® 1 Delirium incidence also clearly depends strongly on
age, with the incidence increasing markedly in patients older than 65 years.” The average age
in our patients was 67 years which is relatively young which may have contributed to lack of
observed delirium.

The major limitation of our trial is that it was conducted in a single center whereas our
planned full trial will involve dozens of centers around the world. Our results demonstrating
that intraoperative pressure and postoperative antihypertensive management is feasible does
not mean that it will prove practical at all trial sites. Because the trial was only powered for
feasibility and pressure management, the incidence of hard outcomes (based on only ten
events) is essentially non-informative.

Conclusion

In summary, we achieved excellent separation of intraoperative mean arterial pressures.
Similarly, we were able to control restarting antihypertensive medications per protocol —
although doing so had relatively little effect on postoperative systolic pressures. Furthermore,
the requirement that all patients have chronic hypertension resulted in relatively high
intraoperative and postoperative pressures. Consequently, we amended the protocol for the
full trial to include patients without chronic hypertension. The full trial appears feasible and
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remains well warranted.
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Figure Legends

Figure 1. CONSORT flow diagram. Patient flow through stages of the trial.

Figure 2. Area of intraoperative MAP >85 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with
the central line representing the median; whiskers extend to 1.5 times the interquartile range
from the edges of the box; data beyond the whiskers are outliers and plotted individually.
Figure 3. Area of intraoperative MAP <65 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with
the central line representing the median; whiskers extend to 1.5 times the interquartile range
from the edges of the box; data beyond the whiskers are outliers and plotted individually.
Figure 4. Time spent below 65 mmHg by blood pressure management group. Patients who
never went below 65mmHg not shown.

Supplemental Figure 1. Cumulative lowest intraoperative MAP sustained for 10 minutes by
treatment group. The lower and upper edges of the box correspond to 25th and 75th percentile
respectively, with the central line representing the median; whiskers extend to 1.5 times the
interquartile range from the edges of the box; all data points are plotted individually and
superimposed on the boxplot.

Supplemental Figure 2. Mean of lowest 3 postoperative systolic blood pressure
measurements by treatment group. The lower and upper edges of the box correspond to 25th
and 75th percentile respectively, with the central line representing the median; whiskers
extend to 1.5 times the interquartile range from the edges of the box; all data points are
plotted individually and superimposed on the boxplot.
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Pilot of “tight perioperative blood pressure
management to reduce serious cardiovascular, renal,
and cognitive complications”

The GUARDIAN Pilot Trial

Single-center prospective randomized pilot trial

Principal Investigator

Kai Li, MD, Vice-chair, Department of Anesthesia, China Japan Union Hospital of Jilin university,s
Chang Chun, China.
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Daniel I. Sessler, MD., Michael Cudahy Professor and Chair, Department of OUTCOMES RESEARCH,
Anesthesiology Instltute Cleveland Clinic, Cleveland, OH. 9500 Euclid Ave — P77, Cleveland, OH
44195; Visiting investigator, Population Health Research Institute, Ontario, Canada. Tel: 216-444-
4900, Email: DS@OR.org.
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Summary

We are planing to propose a robust international randomized trial in 6,254 patients to test the
primary hypothesis that perioperative tight blood pressure management reduces a composite of major
perfusion-related complications (myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute
kidney injury, deep or organ-space infection, sepsis, and death) in the 30 days after major non-
cardiac surgery.

o
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluates
feasibility, especially the ability to target blood pressure per protocol. The pilot trial of 80 cases will be%
designed to inform a future pivotal trial by considering two co-primary feasibility hypotheses. First that2
there is suitable separation of intraoperative and postoperative blood pressure across two bloods
pressure management strategies (intraoperative MAP maintained 285 mmHg and postoperative tight§
pressure control versus routine care with some hypotension expected). And second, that restartingz:
routine antihypertensive medications per protocol is feasible (restart delayed until the third=
postoperative day versus immediate restart). We also consider the exploratory efficacy hypothesisz
that perfusion-related complications and delirium are reduced by tight perioperative blood pressureg:
control.
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Introduction

When patients having major surgery reach the post-anaesthesia care unit, families naturally
assume that they have survived the most dangerous part of the perioperative experience. Their
assumption is wrong. Mortality in the 30 days after surgery is 1,000 times higher than intraoperative
mortality.”? In fact, if the month after surgery were considered a disease, it would be the third leading
cause of death in the United States.’ Most postoperative mortality occurs during the initial_
hospitalization, that is, under direct medical care in our highest-level facilities. The two most commong
and comparable causes of 30-day mortality after non-cardiac surgery are major bleeding which3
cannot easily be prevented, and myocardial injury which possibly can be; sepsis is a distant third.*

109

2 Aq pa

Myocardial injury after non-cardiac surgery (MINS) is defined by troponin elevation of presumablyo
ischemic origin, and is highly associated with 30-day® (Fig. 1) and one-year® mortality. Myocardlar<,
infarction (MI), per 4t Universal Definition, is defined by troponin elevation and either symptoms orz
signs of myocardial ischemia.” More than 90% of MINS and MI occur within the initial two:'
postoperative days.® Both are strongly associated with many unmodifiable baseline characterlstlcsg
including age, diabetes, and cardiovascular history. In large randomized trials (n=7,000-10,000), we3
have shown that Ml cannot be safely prevented by beta blockers,® avoiding nitrous oxide, 10
clonidine,' or aspirin.’> In a recent large trial, one patient in seven who had MINS suffered re-c
infarction within 17 postoperative months.'3
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Fig. 1. 30-day mortality as a function of postoperative 1 z
peak high-sensitivity troponin T. Mortality increases - 2
markedly from 0.1% at a troponin T concentration <5 ng/L 5.0 2
to 30% mortality when troponin T exceeds 1,000 ng/L. | Probability of u y
Data from The Vascular Events in Noncardiac Surgery 30-day°>/IortaI|ty 2.01 2
Patients Cohort Evaluation (VISION) Study Investigators: (e 1.0 n g
Association between complications and death within 30 05, - 5
days after noncardiac surgery. Can Med Assoc J 2019; 3
191: E830-E7 >
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Intraoperative hypotension is associated with MINS and MlI, with the harm threshold being a
mean arterial pressure (MAP) =65 mmHg (Fig. 2).'' The harm threshold for acute kidney injury (AKIE
is similar,’'617 and 40% of Stage 2 AKI persists or is worse 1-2 years after surgery (Turan,®
Anesthesiology, in press). We and others have also shown that postoperative hypotension is3
associated with myocardial infarction, independent of intraoperative hypotension (Fig. 3).181°
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Fig. 2. Lowest mean arterial pressure (MAP) thresholds
for myocardial injury after non-cardiac surgery. The left
graph shows the relationship between the Ilowest
cumulative absolute mean arterial pressure maintained
for 3 and 10 minutes and myocardial injury. The right
graph shows the relationship between the lowest
cumulative relative mean arterial pressure maintained for
3 and 10 minutes and myocardial injury. Both graphs are
multivariable logistic regressions adjusted for baseline
characteristics and smoothed by restricted cubic spline
with three degrees and knots at 10th, 50th, and 90th
percentiles of given exposure variable. From Salmasi, et
al: Relationship between intraoperative hypotension,
defined by either reduction from baseline or absolute
thresholds, and acute kidney and myocardial injury after
non-cardiac surgery: A retrospective cohort analysis.
Anesthesiology 2017; 126: 47-65.

Fig. 3. Odds ratios of average relative effect on the primary
composite of 30-day myocardial infarction and mortality for

three perioperative periods: intraoperative, remaining day of
surgery, and the initial four PODs of hospitalization. Cls for

multiple comparisons were adjusted by Bonferroni correction. &
Correspondingly, P < 0.017 (0.05/3) was considered to beg.
significant for the average relative effect. The circles presentd
the odds ratios, and the bars present the Cls. POD =g
postoperative day. From Sessler et al: Period- dependentc
associations between hypotension during and for four daysrr
after noncardiac surgery and a composite of myocard|al-
infarction and death: A substudy of the POISE-2 trial.of
Anesthesiology 2018; 128: 317-27
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There is currently sparse evidence that the associations are casual. But a small fragile
randomized trial (n=292) shows that preventing intraoperative hypotension reduces the risk of majors

UlulW elep pUE 1Xa) 0} paj:

complications by 25%.2° Perioperative hypotension is also associated with stroke,®2'2* althougha-
inconsistently.?> Blood pressure — specifically hypotension prevention — is therefore a modifiable>

factor that may reduce cardiovascular complications.

uluren |

Delirium is a common complication of cardiac surgery and is associated with morbidity and@
mortality.?-*2 The reported incidence of delirium after major non-cardiac surgery is typically about3
10%, and increases markedly as age increases beyond 65 years. The pathophysiology of delirium ise.
multifactorial but surely includes inadequate brain perfusion that results when mean arterial pressurei
is less than the lower limit of autoregulation.®3-3% Consistent with this theory, hypotension |s$
associated with delirium and cognitive decline,?83637 although inconsistently.?”3839 Limiteds
randomized data (n=199) indicate that hypotension causes delirium.*® Patients who have deliriumg
after surgery are far more likely than others to develop long-term cognitive impairment,*! although |tco
remains unknown whether the association is causal. Hypotension may also provoke overt or (farm
more commonly) covert strokes which is strongly linked to delirium.4?

No robust randomized trial has been published.
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Specific Aims

Mortality in the 30 days after surgery is surprisingly common, and usually occurs during the
initial hospitalization. Major bleeding and cardiovascular complications are the most common causes
of 30-day postoperative mortality. Cardiovascular complications are independently associated with
intraoperative and postoperative hypotension. Cognitive impairment, both acute delirium and long-
term, are common after major surgery. There is increasing evidence that perioperative hypotension_
may contribute to brain injury. However, there is currently only sparse and fragile randomizeds
evidence indicating that intraoperative hypotension prevention reduces cardiovascular risk and/org
cognitive impairment in non-cardiac surgical patients. We are planing to propose a robustg
international randomized trial in 6,254 patients to test the primary hypothesis that perioperative tightg
blood pressure management reduces a composite of major perfusion-related complicationsS
(myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury, deep or organ-=

Brik

space infection, sepsis, and death) in the 30 days after major non-cardiac surgery. _2
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluate%
feasibility, especially the ability to target blood pressure per protocol. 3

Aims

First, we will test whether there is suitable separation of intraoperative and postoperative bloo
pressure across two blood pressure management strategies (intraoperative MAP maintaine
=85 mmHg and postoperative tight pressure control versus routine care with some hypotension
expected).

QO
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Second, that restarting routine antihypertensive medications per protocol should be feasible
(restart delayed until the third postoperative day versus immediate restart).

We also consider the exploratory efficacy hypothesis that perfusion-related complications and=.
delirium are reduced by tight perioperative blood pressure control.

Methods

pue ‘Buiuren |y ‘Bul

The trial will be conducted with IRB approval and written patient consent will be obtained.2.
There will be no restriction on sex, or ethnicity. All qualifying patients will be asked to consider the trialg
The trial is restricted to patients 245 years old because cardiovascular outcomes are rare in younger~
patients, but there is no upper age restriction. The trial will be registered on ClinicalTrial.gov beforej
enrollment.Pilot patients will be enrolled before normal enroliment.A full statistical analysis plan will beo
developed before any data are evaluated. Reporting will be consistent with the CONSORT gwdellnes S

m
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Subject selection

Consenting patients will be eligible if they are:

Scheduled for major noncardiac surgery expected to last at least 2 hours;
Having general endotracheal anesthesia;

Expected to require at least overnight hospitalization;

Are designated ASA physical status 2-4;

Chronically taking at least one anti-hypertensive medication;

Expected to have direct blood pressure monitoring with an arterial catheter;

At least 45 years old;

Cared for by clinicians willing to follow the protocol;

Subject to at least one of the following risk factors:

History of peripheral arterial surgery;

History of coronary artery disease;

History of stroke or transient ischemic attack;

Serum creatinine >175 ymal/L (>2.0 mg/dl);

Diabetes requiring medication;

Current smoking or 15 pack-year history of smoking tobacco

Scheduled for major vascular surgery

Body mass index 235 kg/m?;

Preoperative high-sensitivity troponin T >14 ng/L or troponin | equivalent
B-type natriuretic protein (BNP) >80 ng/ml or N-terminal B-type natriuretic protein (NT-
ProBNP) >200 ng/ml.

CONOORWN =
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Patients will be ineligible if they:

Are scheduled for carotid artery surgery;

Are scheduled for intracranial surgery;

Are scheduled for partial or complete nephrectomy

Are scheduled for pheochromocytoma surgery;

Are scheduled for liver transplantation;

Have a condition that precludes routine or tight blood pressure management such as surgeon
request for relative hypotension or relatively high pressure required for carotid artery surgery;
Have end-stage renal disease requiring dialysis or estimated glomerular filtration rate (eGFR)
<30 ml/min;

Have a documented history of dementia;

Have language, vision, or hearing impairments that may compromise cognitive assessments;

OO WN =
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Protocol
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Consenting patients who take either ACEIls or ARBs will be asked not to take the medications=
on the morning of surgery, and instead bring them with them to the hospital. Qualifying patients W|II°
be randomly allocated using computer-generated assignments 1:1 ratio without stratification in ach
block of four. Allocation will be concealed within sealed opaque envelopes until shortly beforef”
anesthesia induction. Allocation will thus remain concealed until the last practical moment.
Randomization will be implemented by clinicians in collaboration with research personnel. Arterial
catheter transducers will be positioned at the level of the right atrium, and adjusted as necessary if
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patient position is changed. A fast-flush square-wave test will be performed shortly after catheter
insertion to confirm that dynamic characteristics of the pressure monitoring system are appropriate.®

The treatments will be:1) norepinephrine infusion to maintain intraoperative MAP =285 mmHg,
delayed resumption of chronic antihypertensive medications, and a target ward systolic pressure of at
least 120 mmHg (tight pressure management); or, 2) routine intraoperative blood pressure
management and prompt resumption of chronic antihypertensive medications (routine pressure
management)

pPa13310.1d

Tight pressure management. In patients assigned to tight pressure management,
angiotensin converting enzyme inhibitors (ACEls) and angiotensin receptor blockers (ARBs) will notz
be given the morning of surgery. Clinicians will be encouraged to insert the required arterial catheterg
before anesthetic induction because much hypotension occurs shortly after anesthetic induction.*® A2
norepinephrine infusion (in the preferred local concentration) will be prepared, connected to an2
intravenous catheter, and activated at a low rate. Norepinephrine can be safely given through aZ.
central catheter or peripherally. In a recent study of 14,328 patients, there were only 5 extravasation2
events and not a single patient experienced local tissue injury.*” It can be substituted ifS
norepinephrine is contraindicated or impractical.

Buipn|ou

General anesthesia will be induced with propofol which will be given in repeated small boluses
in an effort to keep intraoperative MAP =285 mmHg. Simultaneously, the vasopressor infusion will be
adjusted with the same goal. Anesthetic dose, fluid administration, and vasopressor administration
will be adjusted with the goal of maintaining intraoperative MAP 285 mmHg.

Resumption of chronic anti-hypertensive medications will be delayed until the third
postoperative day unless deemed necessary to treat hypertension or for some other clear indication
(e.g., preventing atrial fibrillation in a chronic beta-blocker user) because >90% of MINS occurs within
48 hours after surgery. When necessary to treat hypertension, chronic antihypertensive or new
medications can be used per clinician preference. Clinicians will make what efforts they can toz.
maintain postoperative systolic pressure of at least 120 mmHg during the initial three postoperatives™
days by maintaining adequate hydration, using inotropic and chronotropic drugs, and vasopressor as:.
necessary. This protocol specifies the blood pressure target, but leaves implementation to cllnlcalq
judgement.
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Routine pressure management: In patients assigned to routine pressure management,g
ACEls and ARBs can be given the morning of surgery if deemed appropriate by the attendingz
anesthesiologist. The arterial catheter will be inserted before or after induction of anesthesia per3.
clinician preference. General anesthesia will be induced and maintained per routine. Intraoperative~
pressure management will be per routine. As usual, chronic anti-hypertensive medications will be&

restarted shortly after surgery unless contraindicated by hypotension.

!60|0uq

In both groups, other aspects of anesthetic management will be at the discretion of theg
responsible anesthesiologist, including the types and volumes of various fluids. Volatile or
intravenous anesthesia is permitted. There is increasing evidence that deep anesthesia promotes
deliium and long-term cognitive dysfunction (Evered, in review).*® Therefore, processed EEG
monitoring, such as the Bispectral Index (BIS) or Patient State Index (PSI), should be used. If BIS is

7
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the method, a value of 50 should be targeted from soon after induction until shortly before emergence.
If another EEG system is used, a comparable hypnotic depth should be targeted.

There will be no limitation on ancillary vasoactive, chronotropic, and inotropic drugs. Clinicians
will be free to use advanced hemodynamic monitoring (e.g., FlowTrac, esophageal Doppler, etc.).
Blood products will be given per routine. Similarly, postoperative analgesic management will be per
routine and clinician preference. Neuraxial and peripheral nerve blocks are permitted, but epidural
catheters should not be activated until surgery is nearly finished.

Because patients must be fairly sick to qualify for Pilot GUARDIAN, some will go to directlya
from surgery to critical care units, or much less often, become unstable and require transfer from ag
routine ward to an ICU. In either case, every effort will be to maintain randomized treatments and3

blood pressure targets. g

In all cases, good judgement will predominate. Clinicians should always act in their patients’é
best interests, irrespective of the GUARDIAN protocol. g
Measurements §
Baseline E

Baseline demographic and morphometric characteristics will be recorded, including height,
weight, and sex. Routine anesthetic variables will be recorded including volatile anesthetic partial
pressure, Fluid type and volume, estimated blood loss, and transfusions. Cardiovascular risks will be
recorded, including hypertension requiring treatment, diabetes requiring oral medications or insulin,
history of previous myocardial infarction, congestive heart failure, chronic obstructive pulmonary
disease, current smoking status, and pack-years of smoking history. Cardiovascular medications will
be similarly recorded by category, including beta blockers, angiotensin converting enzyme inhibitors,
angiotensin receptor blockers, and statins. Types of surgery will be characterized as orthopedic,
laparoscopic, open abdominal, neurosurgical (including spine), thoracic, urologic, gynecologic,
vascular, and other. Timing will be characterized as elective, urgent, or emergent.
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Baseline laboratory values (within 30 days before surgery) will be recorded on an as- avallable‘Q '
basis, including albumin, BNP, and NT-ProBNP. Baseline electrocardiogram and echocardlogramj—>
interpretations will also be recorded as available, as will hemoglobin and creatinine other thang.

specified below. §
Q

Perioperative a
Blood pressure is our primary exposure and will therefore be carefully recorded. The most%

recent pressure from a clinic assessment will be used. Our institution have electronic anesthesia
records that will automatically record systolic, mean, and diastolic pressures from the required artenal“
catheter at no less than 1-minute intervals. When possible, we will obtain electronic data which areo
efficient, denser, and more reliable than manual recording. But where necessary, intraoperative bIoodLg
pressures will be recorded manually at 5-minute intervals. Ward blood pressure will normally be?
recorded by nurses at 8-hour-intervals. Any pressures obtained for clinical purposes will be recorded
for use in the trial.Additional ward pressures might also be obtained. However, all blood pressures
during the initial three postoperative days will be retrieved and included in the trial database. We will
restrict recording to this period because >90% of postoperative myocardial injury occurs within the

8
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initial two postoperative days. High-risk patients may require ICU admission. Blood pressure is
measured frequently in critical care units, and all available pressures will be recorded.

We will require creatinine preoperatively (within 30 days), and on the initial three
postoperative days while patients remain hospitalized. Additional values obtained for clinical reasons
will be recorded during the initial 30 postoperative days. Hemoglobin will be recorded on an as-
available basis for the initial three postoperative days.

Blood for generations 4 or 5 troponin T, or troponin | will be recorded preoperatively up to
30 days before surgery, and on the first three postoperative days so long as patients remaina
hospitalized.® Additional troponin samples will also be obtained if patients have shortness of breath org
experience chest, neck, or arm pain. Blood troponin concentrations exceeding thresholds (dependingd
on individual types of troponin tests) should prompt cardiology consultation, an electrocardiogram,2
and when practical an echocardiogram.

q u/(do:)

Myocardial injury will be diagnosed by objective screening based on preoperative and firsta
three postoperative day troponin | values crossing specific thresholds for MINS so long as patlentsi.
remain hospitalized. Abnormal troponin concentrations will be evaluated as clinically indicated with2
ECG, echocardiography, and clinical symptoms; the resulting values will be recorded, as will others:
cardiovascular interventions such as angioplasty. MINS will be diagnosed by troponin exceeding2,
thresholds apparently of ischemic origin (e.g., no other obvious cause for artifactual elevation).= S
Myocardial infarction will also be centrally adjudicated and require both MINS and at least one
symptom (e.g., chest pain or shortness of breath) or sign (e.g. ECG or echocardiogram abnormality).

We will consider all patients who had an elevated serum troponin concentration anytime during
the first 30 days after surgery and determine the presence of any ischemic features (i.e., whethe
patients fulfilled the universal definition of myocardial infarction),® whether there was a non-ischemic
etiology that could explain the elevated troponin measurement, and whether the myocardial inju
appears to have occurred during or after surgery (i.e., no evidence to support it was due to
preoperative event).
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Myocardial injury after non-cardiac surgery will be defined as having values exceeding Iocal
99" percentile for troponin |. Patients meeting diagnostic criteria for MINS will be evaluated for;>
myocardial infarction with an electrocardiogram, echocardiogram (when possible), and a cardlac~
consultation. Non-fatal cardiac arrest and mortality will be determined from case-reports and medlcaI:sj
records. Strokes will be detected based on clinical symptoms, and require radiographic evidencea
consistent with new-onset cerebral ischemic or hemorrhagic injury.

IS pue

Delirium will be assessed 7-10 AM and 5-8 PM for the initial four postoperative days while2.
patients remain hospitalized because this approach will detect nearly all postoperative deIiriumE
(Fig. 4). Delirium will not be evaluated the evening after surgery because confusion might result from§
residual anesthetic effects. We will use the 3D-CAM which is based on a three-minute questionnaire,3
and has a sensitivity of 95% (95% Cl, 84, 99), and specificity of 94% (Cl: 90, 97) compared withg
formal psychometric evaluation.®" The test works well in patients with dementia.>' CAM-ICU, which isg
also well validated, will be substituted when patients are intubated.?? Delirium will be assessed by
investigators trained in the methods. Any positive CAM test will be considered evidence of delirium
which will analyzed dichotomously.
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Fig. 4. Detection of delirium with CAM-ICU as a 10
function of assessment times over postoperative
days 1-5. Nearly all delirium was detected with twice
daily assessments for the initial four postoperative 5
days. From Hamadnalla, et al, in review.
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Acute kidney injury. Postoperative Acute Kidney Injury will be defined by Kidney Disease Improvings
Global Guidelines (KDIGO) Clinical Practice Guidelines.110 By convention in perioperative studies,%
urine output will not be considered since it is rarely available.111 Specifically, patients will beZ
considered to have Stage 1 acute kidney injury (risk) if the postoperative serum creatinine increases=
at 1.5-1.9-fold or by more than 0.3 mg/dl (226.5 umol/L) within a 48-hour period. Stage 2 will bez
defined by a 2.0-2.9-fold increase in creatinine, and Stage 3 will be defined by a 3-fold increase in5
creatinine or an increase from baseline by 24 mg/dl (=353.6 pmol/L) or initiation of renal replacement‘;
therapy.We will compare the preoperative creatinine concentration closest to surgery to the highest“
postoperative concentration measured within 7 days. Only Stages 2 and 3 will be considered for thed
primary perioperative composite.

Outcomes and clinically meaningful differences

The first co-primary feasibility outcomes are the fraction of time when intraoperative
MAP >85 mmHg, intraoperative area of MAP >85 mmHg, and intraoperative area of MAP <65 mmHg.
The area of MAP below (above) a threshold refers to the cumulative sum of areas for the MAP-time
curve below (above) the specified threshold.

p IOUB 1X3] 0] pajle|al sas

The second co-primary feasibility outcome is postoperative blood pressure management
characterized by the time routine antihypertensive medications restarted after surgery.

‘6UIUIUJ ele
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The secondary feasibility outcome measures are time-weighted average (TWA)2
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative systolic bIoo =]
pressure (SBP), and mean of the lowest 3 postoperative SBPs.

‘D

The exploratory efficacy outcome measures are: 1) perfusion-related complications withing
30 days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

uyoa) Jejiwis pue

Adverse Events

A serious adverse event (SAE) is defined as any untoward medical occurrence that at any—
dose: is life-threatening; or requires inpatient hospitalization or prolongation of existing hospitalization;3
or results in persistent or significant disability/incapacity; or is a congenital anomaly/birth defect; or isf”
a medically important event.

Suspected unexpected serious adverse reactions (SUSARSs) are events that meet the following
criteria: 1) suspected to be causally associated with blood pressure management, anesthetic
induction agent, or vasopressor; 2) unexpected if the nature, severity, or outcome of the reaction(s) is

10
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not consistent with the reference information (i.e., product monograph for trial drugs); 3) serious (as
defined above for an SAE); and 4) not a defined efficacy.

Efficacy and safety outcomes will be recorded separately and not as SAEs, except if, because
of the course or severity or any other feature of such events, the investigator, according to his/her
best medical judgment, considers these events as exceptional in this medical condition.

Hospitalizations, which were planned before inclusion in the study (e.g., elective or scheduled
surgery or other interventions), will not be regarded as SAEs. This pertains also to hospitalizations
which are part of the normal treatment or monitoring of the studied disease or another disease
present before inclusion in the study (e.g., patient returning to the hospital for chemotherapy), and
which did not result in a worsening of the disease.

All SAEs need to be reported within 48 hours of knowledge of the event to the Project Office.d
For such events, research personnel will complete an SAE CRF in the database. The Project Officed
will then inform regulatory authorities in a timely manner, as necessary, according to the applicable2
regulations. S

The DMC will provide oversight of patients’ safety throughout the trial by reviewing aggregate=s.
data (including all reported study outcome events and SAEs) by treatment group at regular intervals
throughout the duration of the trial and as defined in the DMC Charter.

104d

b

‘saifojouyoal Jejiwis pue ‘Bulure) |v ‘Buiuiw elep pue 1xa] 0] parejal sasn 1o Buipn|oul

11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

* (s3gv) Jnauadns juswaublasug
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING


http://bmjopen.bmj.com/

Page 33 of 40

oNOYTULT D WN =

Data Analysis

Primary, secondary, and exploratory outcomes will be analyzed on a modified intent-to-treat
basis by randomized group assignments. Specifically, we will include all randomized patients who
have surgery, even if the operation is changed to one that would not otherwise qualify for Pilot
GUARDIAN.

Balance on baseline characteristics will be assessed using absolute standardized difference
(ASD), which is defined as the absolute difference in means, ranks, or proportions divided by ’[heTJ
pooled standard deviation. Groups are considered to be imbalanced with respect to a baselines
characteristic when ASD exceeded 0.44 [1.96*sqrt(1/n4 + 1/n2)].

We primarily evaluate the effect of tight blood pressure control on the fraction of time when<

:) AQ pa12910

intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests will be used toS
evaluate the effect of tight perioperative BP control on intraoperative area of MAP >85 mmHg,E.
intraoperative area of MAP <65 mmHg, and time to restart routine antihypertensive medications after=

surgery.

Sample Size Considerations

The study will enroll 40 patients in each treatment group. Design analysis for the study will be

done after data collection but before we conducted the analysis.

The fraction of time spent above 85 mmHg is assumed to be distributed as Beta (5, 5) an
with the above sample size, the confidence interval half-width for estimating the mean would be 0.0
which is deemed to be sufficiently precise. The beta distribution is appropriate as the outcome is
restricted to the closed interval between 0 and 1. The observed confidence interval widths are 0.01.
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ABSTRACT

Objective: Evaluate feasibility of a trial of perioperative hypotension and serious
complications.

Design: A patient and assessor blinded randomized feasibility trial.

Setting: We included patients in tertiary university hospital.

Participants: We enrolled 80 adults scheduled for major non-cardiac surgery.
Interventions: In patients randomized to tight blood pressure control, intraoperative
mean arterial pressure (MAP) was targeted to >85 mmHg maintained with
norepinephrine infusion, and restarting chronic antihypertensive medications was delayed
until the third postoperative day. In the reference group, intraoperative blood pressure was
managed per routine and antihypertensive medications were restarted immediately after
surgery.

Primary and secondary outcome measures: Our first co-primary outcome was the
fraction of time when intraoperative MAP was >85 mmHg, intraoperative area of MAP
>85 mmHg, and intraoperative area of MAP <65 mmHg. The second co-primary outcome
was time until antihypertensive medications were restarted after surgery. . Secondary
outcomes were time-weighted average (TWA) intraoperative MAP, cumulative minimum
MAP for 10 minutes, average postoperative systolic blood pressure (SBP), and mean of
the lowest 3 postoperative SBPs.

Results: Forty patients in each group were analyzed. The median for intraoperative area
of MAP >85 mmHg was 1303 [772-2419] mmHg*min in routine BP cases and 2425
[1926- 3545] mmHg*min in tight BP control. The area for intraoperative MAP

<65 mmHg was 7 [0-40] mmHg*min with routine BP management, and 0 [0-0]
mmHg*min with tight BP control. Antihypertensive medications were restarted 2 [1 to 3]
days later in tight BP control cases. However, postoperative systolic pressures were
similar.

Conclusions: Tight BP management markedly increased intraoperative MAP and
reduced the amount of hypotension. In contrast, delaying chronic antihypertensive
medications had little effect on postoperative systolic pressure. The full trial appears

feasible and remains necessary but should not include postoperative antihypertensive
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management.
*  Trial registration: www.clinicaltrials.gov (NCT04789733).
* Keywords: Anesthesia, blood pressure, perioperative management, myocardial injury

after non-cardiac surgery, myocardial infarction, acute kidney injury, delirium.

Strengths and limitations of this study

* The protocol was practical, and intraoperative pressure management was excellent separated.
* However, we failed to manipulate postoperative blood pressure by changing when
antihypertensive medications were restarted.

» Feasibility in one site does not mean that it will prove practical at all trial sites.

Word count: 3533
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INTRODUCTION

Mortality in the 30 days after surgery is more than 100 times higher than intraoperative
mortality.! Myocardial injury and associated vascular complications are among the leading
causes of postoperative mortality.? Intraoperative hypotension is associated with myocardial
injury after non-cardiac surgery (MINS) and myocardial infarction (MI), with the apparent
harm threshold being a mean arterial pressure (MAP) = 65 mmHg.3> 4 Furthermore,
postoperative hypotension is associated with myocardial infarction even after adjustment for
intraoperative hypotension.’

The harm threshold for perioperative acute kidney injury (AKI) also appears to be a mean
arterial pressure (MAP) near 65 mmHg.® Perioperative hypotension is also associated with
delirium and cognitive decline,” ® although inconsistently.” Furthermore, cumulative duration
of MAP less than 50, 55, 60, 70, and 80 mmHg appear associated with increased odds of 30-
day mortality after noncardiac surgery is reported in a retrospective cohort.* Hypotension
prevention may therefore be a modifiable factor that reduces postoperative cardiovascular and
perfusion related complications.

There is currently sparse evidence that the associations observed between hypotension and
myocardial and renal injury are casual. A small randomized trial (n=292) reports that preventing
intraoperative hypotension reduces the risk of major complications by 25%.!° In contrast, a
458-patient randomized trial demonstrated no improvement with tight intraoperative blood
pressure control.!' Limited randomized data (n=199) also suggests that hypotension causes
delirium.'?

A robust trial remains necessary to characterize the potential benefits of reducing perioperative
hypotension in high-risk patients. We therefore plan a multi-national randomized trial to test
the primary hypothesis that perioperative hypotension prevention in high-risk patients reduces
a composite of perfusion-related complications in the 30 days after major non-cardiac surgery.
In anticipation of the full trial, we conducted a pre-planned feasibility trial — reported here —
designed to evaluate feasibility, especially the ability to target blood pressure per protocol.

METHODS AND ANALYSIS: PARTICIPANTS, INTERVENTION, AND
OUTCOMES

Study design

This single-center trial was performed in China-Japan Union Hospital of Jilin University (Jilin,
China). The study was approved by the Institutional Review Board (IRB #20201120) on
November 30, 2020 and written informed consent was obtained from all subjects participating
in the trial. The trial was registered prior to patient enrollment at clinicaltrials.gov
(NCT04789733, named as The GUARDIAN Pilot Trial, Principal investigator: K.L.).
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Inclusion criteria

Major inclusion criteria were age >45 years; noncardiac surgery expected to last at least 2

hours; overnight hospitalization; ASA physical status 2-4; chronically taking at least one anti-
hypertensive medication; and expected to have an arterial catheter before anaesthesia induction.
Participants were also required to have at least one of following risk factors: 1) history of
peripheral arterial surgery; 2) history of coronary artery disease; 3) history of stroke or transient
ischemic attack; 4)serum creatinine >175 pmol/L (>2.0 mg/dl); 5) diabetes requiring
medication; 6) current smoking or 15 pack-year history of smoking tobacco; 7) scheduled for
major vascular surgery; 8)body mass index > 35 kg/m?; 9) preoperative high-sensitivity

troponin T >14 ng/L or troponin I equivalent; or 10) B-type natriuretic protein (BNP) >80 ng/L
or N-terminal B-type natriuretic protein (NT-proBNP) >100 ng/L.

Exclusion criteria

Patients were excluded when they were scheduled for carotid artery surgery, intracranial
surgery, partial or complete nephrectomy, pheochromocytoma surgery or liver transplantation.
Patients were similarly excluded if they had a condition that precluded routine or tight blood
pressure management or had end-stage renal disease. And finally, we also excluded patients
with dementia or impairments that might compromise cognitive assessments.

Randomization and masking

Participants were randomly allocated using computer-generated assignments to tight or routine
pressure management in a 1:1 ratio without stratification in a block size of four by an
independent statistician (D.S.Y) using SAS 9.2 software (SAS Institute, USA). Allocation was
concealed within sealed opaque envelopes until shortly before anesthesia induction.

Intervention

The original protocol is detailed in Supplemental Text Document. No changes were made
before trial data were accessed. This manuscript adheres to the applicable CONSORT
guidelines.

Our feasibility trial was designed to inform a future pivotal trial by considering two co-primary
feasibility hypotheses. First that there is suitable statistically significant and clinically
meaningful separation of intraoperative and postoperative blood pressure across two blood
pressure management strategies (intraoperative MAP maintained > 85 mmHg and
postoperative tight pressure control versus routine care with some hypotension expected). And
second, that restarting routine antihypertensive medications per protocol is feasible (restart
delayed until the third postoperative day versus immediate restart). We also consider the
exploratory efficacy hypothesis that perfusion-related complications and delirium are reduced
by tight perioperative blood pressure control.

In patients assigned to tight pressure management, angiotensin converting enzyme inhibitors
(ACElIs) and angiotensin receptor blockers (ARBs) were not given the morning of surgery. A
norepinephrine peripherally intravenous infusion was adjusted to maintain intraoperative MAP
>85 mmHg. Either intermittent bolus 4-8 ug noradrenaline at 2 mg/500 ml or a continuous
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infusion noradrenaline 3-10 ml/h of a 2 mg/50 ml solution was used per clinical routine in our
institution. General anesthesia was induced and maintained per routine as intraoperative
bispectral index value of 40-60. Fluid administration and blood transfusion were also per
clinical judgement. Resumption of chronic anti-hypertensive medications was delayed until the
third postoperative day unless deemed necessary to treat hypertension or for another clinical
indication.

In patients assigned to routine pressure management, routinely used ACEIs and ARBs were
given the morning of surgery if deemed appropriate by the attending anesthesiologist.
Vasopressors, as above, were used per the attending clinician’s discretion. General anesthesia
was induced and maintained per routine as intraoperative bispectral index of 40-60. Fluid
administration and blood transfusion were also per clinical judgement. Intraoperative pressure
management was per routine. As usual, chronic anti-hypertensive medication was restarted
shortly after surgery unless contraindicated by hypotension.

Blinding

Randomization and group assignment were performed by an investigator (K.L) who did not
participate in perioperative care or data collection. Anesthesiologists who were responsible for
anesthetic management were not involved in trial follow up. Investigators(Z.T.H, W.Y.L)who
performed postoperative follow-up and patients were masked to study group assignment. The
trial was thus assessor and patients blinded.

Data collection

The required data was collected by trained research staff, recorded in paper based case report
forms (CRFs) and then stored into Excel digital forms. Assessors will conduct the follow-up
procedures in person.

Measurements

Intraoperative pressures from the required arterial catheter were automatically recorded in our
electronic anesthesia records at 1-minute intervals before anesthesia induction. Typically,
postoperative pressures were measured oscillometrically at 8-hour intervals in surgical ward.
For perfusion-related complications, we considered a collapsed (one or more) composite of
myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury defined by the
creatinine component of the Kidney Disease: Improving Global Outcomes (KIDGO) definition,
deep or organ-space infection, sepsis, and all-cause mortality within 30 days of surgery. We
required high-sensitivity troponin I and creatinine preoperatively and daily for the initial three
postoperative days.

Myocardial injury after non-cardiac surgery was defined as troponin I exceeding the local 99th
percentile (0.04 ng/mL)."* Strokes were detected based on clinical symptoms and required
radiographic evidence consistent with new-onset cerebral ischemic or hemorrhagic injury.
Delirium was assessed between 7-10 AM and again between 5-8 PM by 3D-CAM for the initial
four postoperative days while patients remain hospitalized,'* with any positive assessment
being considered evidence of delirium.
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Primary outcomes

The first co-primary outcome was the fraction of time when intraoperative MAP was >85
mmHg, intraoperative area of MAP >85 mmHg, and intraoperative area of MAP <65 mmHg.
The second co-primary outcome was postoperative blood pressure management, characterized
by the time routine antihypertensive medications were restarted after surgery.

Secondary outcomes

The secondary feasibility outcome measures were time-weighted average (TWA)
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative systolic
blood pressure (SBP), and mean of the lowest 3 postoperative SBPs. Cumulative minimum
MAP for 10 minutes was calculated as the lowest MAP, at or below which a patient’s MAP
was sustained for at least 10 minutes during the surgery. Post-hoc, we also defined the measures
intraoperative area over MAP >80 mmHg and area of MAP <60 mmHg as additional secondary
outcomes.

The exploratory efficacy outcome measures were: 1) perfusion-related complications within 30
days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

Data and sample storage
All relevant clinical trial materials will be saved for at least 3 years after termination of the trial.
The investigators and statistician have access to the entire data set.

Data monitoring
The trial was coordinated by an Executive Committee, but there was not an external Data and
Safety Monitoring Board.

Protocol changes
No protocol changes were made during the trial or before trial data were accessed.

Power calculation
The study enrolled 40 patients in each treatment group. The statistical analysis plan was
finalized after patients were enrolled, but before data were accessed.

The fraction of time spent above 85 mmHg was not expected to be normally distributed and
instead, assumed to have a Beta(5,5) distribution. Using the above sample size, the confidence
interval half-width for estimating the mean would be 0.05, which was deemed to be sufficiently
precise. The observed confidence interval widths were 0.01.

Area of MAP <65 mmHg is typically heavily skewed and not normally distributed. Using the
same sample size as above, we assumed that area of MAP <65 mmHg would be distributed as
Gamma (0.25, 0.1) which would give us a confidence interval half-width of 0.73. This was
deemed to be sufficiently precise for estimation of the mean area of MAP <65 mmHg. The
observed CI half-widths were 8.6 [reference group] and O [treatment group].
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Statistical analysis

Balance on baseline characteristics was assessed using absolute standardized difference (ASD),
which is defined as the absolute difference in means, ranks, or proportions divided by the pooled
standard deviation. Groups were considered to be imbalanced with respect to a baseline
characteristic when ASD exceeded 0.44 [1.96*sqrt(1/nl + 1/n2)].1

We primarily evaluated the effect of tight blood pressure control on the fraction of time when
intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests were used to
evaluate the effect of tight perioperative BP control on intraoperative area of MAP >85 mmHg,
intraoperative area of MAP <65 mmHg, and time to restart routine antihypertensive
medications after surgery.

We also evaluated the effect of tight blood pressure control on intraoperative area of MAP >80
mmHg, and intraoperative area of MAP <60 mmHg using Wilcoxon rank-sum tests. We used
two-sided, two-sample t-tests to evaluate the effect of blood pressure control on time-weighted
average intraoperative mean arterial pressure, cumulative minimum MAP for 10 minutes, time
weighted average SBP, and mean of the lowest 3 postoperative SBPs. On an exploratory bases,
we used log-binomial models to evaluate a collapsed composite of perfusion-related
complications, and postoperative delirium.

All analyses were conducted using R 4.0.2.

Patient and public involvement
There was no public or patient involvement.

Ethics and dissemination:

The protocol was approved by The Ethics Committee of the China-Japan Union Hospital of
Jilin University, Changchun, China, (Chairperson Prof. Songyan Liu) on November 30, 2020
(Approval number: 20201120).and written informed consent was obtained from all subjects
participating in the trial.

Results

Between May 23, 2021, and September 29, 2021, 9618 cases were screened, and 393 were
deemed eligible. Two-hundred and ninety cases were preferentially enrolled by another trial. A
total of 103 patients were approached, and 80 consented. Forty patients were randomized to
tight pressure management and 40 were randomized to routine pressure management. No
patients withdrew before hospital discharge. Our CONSORT flow diagram is presented in
Figure 1. Three patients assigned to tight pressure management were lost between discharge
and the 1-month follow-up assessment. There were thus 80 patients included in the primary
analysis, and 77 in the 1-month analysis. The last patient follow-up was completed on
November 1, 2021.

Patient demographic and baseline characteristics are presented in Table 1. Only diastolic blood
pressure (DBP) and surgery type were imbalanced, with ASD >0.44. The median [Q1, Q3]
blood loss was 175 [100, 300] ml in the tight perioperative BP control group and 50 [50, 200]
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ml in the routine BP management group.

Table 1.Patient baseline and demographic characteristics

Page 10 of 42

Characteristic Routine perioperative BP Tight perioperative ASD
control BP management
N=40 N=40
Age 68 (10) 67 (10) 0.12
Height - cm 166 (8) 165 (8) 0.06
Weight - kg 66 (12) 71 (16) 0.28
SBP 142 (18) 148 (21) 0.31
DBP 80 (10) 86 (10) 0.67"
Surgery length (hours) 2.56 [2, 4] 2.25[1.7,2.8] 0.26
Surgery Type 0.66"
Abdominal 23 (58%) 18 (45%)
Gynecologic 0(0) 1 (2%)
Neurosurgical 2 (5%) 6 (15%)
Orthopedic 6 (15%) 3 (8%)
Thoracic 7 (18%) 12 (30%)
Thoracic and abdominal 1 (2%) 0 (0)
Urology 1 (2%) 0(0)
Smokers 8 (20%) 6 (15%) 0.13

Data are presented as mean (SD), median [Q1, Q3] orn (%) as appropriate.
ASD — Absolute Standardized Difference; "ASD > 0.44 indicates imbalance.

The mean (SD) fraction of time with intraoperative MAP exceeding 85 mmHg (i.e., time when
MAP >85 mmHg divided by total surgery duration) was 0.52(0.25) in patients assigned to
routine blood pressure management and 0.87(0.15) in those assigned to tight control. The
estimated absolute difference in the mean fraction of time between tight and routine blood
pressure management was 0.35 [95% CI: 0.26, 0.44].

The median [Q1-Q3] intraoperative area of MAP >85 mmHg was 1303 [772-2419] mmHg*min
in patients assigned to routine perioperative BP control and 2425 [1926- 3545] mmHg*min in
those assigned to tight perioperative BP management (Figure 2). Tight blood pressure control
increased area of MAP >85 mmHg by 1102 [95% CI: 596, 1608] mmHg*min. Similarly, for
intraoperative area of MAP <65 mmHg, the median [Q1-Q3] was 7 [0-40] mmHg*min with
routine pressure management, and 0 [0-0] mmHg*min with tight control (Figure 3). Tight
pressure control thus reduced exposure to MAP <65 mmHg by 6 [95% CI: 2, 15] mmHg*min.
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In the routine pressure management group, 40% (n = 16) of the patients experienced
hypotension (any time below 65 mmHg) with a median [Q1-Q3] duration of 6 [2-9] minutes
compared to 10% (n = 4) in the tight blood pressure control group, with a median duration of 5
[4-6] minutes (Supplemental Figure 1).

The median [Q1, Q3] intraoperative area of MAP >80 mmHg was 1917 [1249-3169]
mmHg*min in patients assigned to routine BP control and 3355 [2549-4417] mmHg*min in
the patients assigned to tight BP control. The area of MAP >80 mmHg was thus 1335 [95% CI:
667, 1928] mmHg*min greater in patients assigned to tight pressure control. For intraoperative
area of MAP <60 mmHg, the median was 0 [0-6] mmHg*min with routine pressure
management and 0 [0-0] mmHg*min with tight pressure control, for an estimated treatment
effect of 0 [95% CI: 0, 0] (Table 2).

Table 2. Summary of analysis results.

Routine BP Tight Perioperative Estimated
Outcome Management* BP Control* treatment effect
N=40 N=40 [95% CI]
Primary Outcomes
Fracti fint ti i
raction of intraoperative period 0.52 (0.25) 0.87 (0.15) 0.35 [0.26 to 0.44]**

with MAP >85 mmHg

Area of intraoperative MAP >85
mmHg (mmHg*min)

Area of intraoperative MAP <65

1303 [772-2419]

2425 [1926- 3545]

-4 -
mmHg (mmHg*min) 710-40] 0 [0-0]
Time to restart antihypertensive
medications (days) 1 [1-1] 4 [3-4]

1102 [596 to
1608]%**

-6 [-15 to -2]***

2[1 to 3]***

Secondary Outcomes

Area of intraoperative MAP >80

1917 [1249- 3169]

3355 [2549-4417]

1335 [667 to

mmHg (mmHg*min) 1928]**
Area of intraoperative MAP <60
- - t k3k
mmHg (mmHg*min) 0 [0-6] 0 [0-0] 010 to 0]
Time-weighted average 89(9) 101(8) 12 [8 to 16]***
10
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systolic pressures [mmHg]

*Data presented as means (SD) or medians [IQR]
** Difference in means and 95% CI

*** Hodges Lehmann shift estimator

The mean difference in the intraoperative TWA MAP between tight and routine pressure
management was 12 [95% CI: 8 to 16] mmHg, and the difference in cumulative intraoperative
minimum MAP sustained for 10 minutes was 14 [95% CI: 11 to 18] mmHg. (Supplemental
Figure 2; Table 2).

Antihypertensive medications were restarted 2 [95% CI: 1 to 3] days later in patients assigned
to tight blood pressure control. The difference [95% CI] in postoperative mean SBP between
tight and routine pressure management was 5 [-1 to 11] mmHg, and the difference in mean of
the lowest 3 postoperative SBP measurements was also 5 [-1 to 11] mmHg (Supplemental
Figure 3; Table 2).

The incidence of perfusion related complications was 12% in both groups and the relative risk
was estimated to be 1.0 [0.3 to 3.3]. No delirium was detected in either group. No severe adverse
events were attributed to the study.

DISCUSSION

Intraoperative blood pressure management was well maintained in patients assigned to tight
control titrated with norepinephrine intravenous infusion, and MAP exceeded the target of
85 mmHg in 87% of the time. Furthermore, the average of the lowest mean arterial pressures
sustained for ten minutes in the tight group was 85 mmHg, indicating that mean arterial
pressures in these patients was only rarely and transiently less than 85 mmHg. Intraoperative
pressures also exceeded 85 mmHg about half the time in patients assigned to routine
management which is unsurprising since hypertension was an inclusion criterion for the trial.

Because patients cannot be randomized to hypotension, the more important question is the
extent to which pressures were <65 mmHg, which is thought to be the intraoperative harm
threshold, with routine management. There was almost no hypotension in patients assigned to
tight control whereas the median area <65 mmHg was 7 mmHg*min in those with routine
management. Furthermore, the lowest mean arterial pressures sustained for ten minutes in
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intraoperative MAP (mmHg)
Minimum intraoperative MAP
sustained for 10 cumulative 71(9) 85(9) 14 [11 to 18]***
minutes (mmHg)
Mean postoperative systolic 133(15) 138(13) 5[-1 to 11]+**
pressure (mmHg)
Mean of 3 lowest postoperative 122(14) 127(14) 5 [-1 tol 1]#**
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patients assigned to routine management was 71 (9) mmHg, and about 40% of patients had
lowest sustained pressures <65 mmHg. There were thus distinct differences in mean arterial
pressures in the two management groups, with one having virtually no hypotension and the
other often experiencing mean pressures <65 mmHg.

Antihypertensive management was successful with the mean restart day being 1 with routine
management and 4 with tight management, corresponding to a difference of 2 [95% CI: 1 to 3]
days which is a clinically meaningful difference. However, antihypertensive management had
little effect on postoperative systolic pressures, with the lowest three measurements differing
by only 5 mmHg. Furthermore, the average lowest measurements exceeded 120 mmHg which
is well above proposed postoperative harm threshold defined either by a mean arterial pressure
of 75 mmHg'® or a systolic pressure of 90 mmHg.> These results suggest that antihypertensive
management should not be included in the full trial.

Previous studies report considerably more postoperative hypotension than we observed. For
example, Liem reported that 2 cumulative hours below threshold of 60 mmHg occurred in 8%
patients and 4 continuous hours less than 75 mmHg occurred in 48% patients.!® Khanna and
colleagues similarly reported that 63% of patients experienced a MAP <75 mmHg within 48
hours after surgery, and that 22% experienced MAP <65 mmHg.!” However, there were two
important differences between our trial and previous observational reports. The first is that both
previous reports were based on continuous noninvasive blood pressure monitoring rather than
oscillometric assessments at 8-hour intervals. Continuous monitoring will obviously detect
more hypotension than intermittent monitoring. Furthermore, continuous non-invasive
monitors are not well validated and may at times generate false low values. More frequent
postoperative measurements would be helpful in a full trial. The second important difference
between current and previous results is that enrollment in our feasibility trial was restricted to
patients taking anti-hypertensive medications, and thus having a diagnosis of hypertension. It
is understandable that hypertensive patients would have less hypotension than a general surgical
population.

Only 10 of 80 patients experienced our composite outcome of major perfusion-related
complications, evenly split between the treatment groups. With so few events, the (lack of)
difference between the groups is noninformative. Curiously, no delirium was observed in our
80 patients. The incidence of delirium after noncardiac surgery varies widely, but is probably
now lower than previously reported.'® 1 Delirium incidence also clearly depends strongly on
age, with the incidence increasing markedly in patients older than 65 years.” The average age
in our patients was 67 years which is relatively young which may have contributed to lack of
observed delirium.

The major limitation of our trial is that it was conducted in a single center whereas our planned
full trial will involve dozens of centers around the world. Our results demonstrating that
intraoperative pressure and postoperative antihypertensive management is feasible does not
mean that it will prove practical at all trial sites. Because the trial was only powered for
feasibility and pressure management, the incidence of hard outcomes (based on only ten events)
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is essentially non-informative.

Conclusion

We achieved substantial separation of intraoperative mean arterial pressures. Similarly, we
were able to control restarting antihypertensive medications per protocol — although doing so
had relatively little effect on postoperative systolic pressures. Furthermore, the requirement that
all patients have chronic hypertension resulted in relatively high intraoperative and
postoperative pressures. Consequently, we amended the protocol for the full trial to include
patients without chronic hypertension and no longer specify posotoperative antihypertensive
management. The full trial appears feasible and remains well warranted.
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Figure Legends

Figure 1. CONSORT flow diagram. Patient flow through stages of the trial.

Figure 2. Area of intraoperative MAP >85 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with the
central line representing the median; whiskers extend to 1.5 times the interquartile range from
the edges of the box; data beyond the whiskers are outliers and plotted individually.

Figure 3. Area of intraoperative MAP <65 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with the
central line representing the median; whiskers extend to 1.5 times the interquartile range from
the edges of the box; data beyond the whiskers are outliers and plotted individually.
Supplemental Figure 1. Time spent below 65 mmHg by blood pressure management group.
Patients who never went below 65mmHg not shown.

Supplemental Figure 2. Cumulative lowest intraoperative MAP sustained for 10 minutes by
treatment group. The lower and upper edges of the box correspond to 25th and 75th percentile
respectively, with the central line representing the median; whiskers extend to 1.5 times the
interquartile range from the edges of the box; all data points are plotted individually and
superimposed on the boxplot.

Supplemental Figure 3. Mean of lowest 3 postoperative systolic blood pressure measurements
by treatment group. The lower and upper edges of the box correspond to 25th and 75th
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percentile respectively, with the central line representing the median; whiskers extend to 1.5
times the interquartile range from the edges of the box; all data points are plotted individually
and superimposed on the boxplot.
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Pilot of “tight perioperative blood pressure
management to reduce serious cardiovascular, renal,
and cognitive complications”

The GUARDIAN Pilot Trial

Single-center prospective randomized pilot trial

Principal Investigator

Kai Li, MD, Vice-chair, Department of Anesthesia, China Japan Union Hospital of Jilin university,s
Chang Chun, China.

Buipnjoul ‘1ybuAdoo Aq paroalold

Guided by

Daniel I. Sessler, MD., Michael Cudahy Professor and Chair, Department of OUTCOMES RESEARCH,
Anesthesiology Instltute Cleveland Clinic, Cleveland, OH. 9500 Euclid Ave — P77, Cleveland, OH
44195; Visiting investigator, Population Health Research Institute, Ontario, Canada. Tel: 216-444-
4900, Email: DS@OR.org.
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Summary

We are planing to propose a robust international randomized trial in 6,254 patients to test the
primary hypothesis that perioperative tight blood pressure management reduces a composite of major
perfusion-related complications (myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute
kidney injury, deep or organ-space infection, sepsis, and death) in the 30 days after major non-
cardiac surgery.

o
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluates
feasibility, especially the ability to target blood pressure per protocol. The pilot trial of 80 cases will be%
designed to inform a future pivotal trial by considering two co-primary feasibility hypotheses. First that2
there is suitable separation of intraoperative and postoperative blood pressure across two bloods
pressure management strategies (intraoperative MAP maintained 285 mmHg and postoperative tight§
pressure control versus routine care with some hypotension expected). And second, that restartingz:
routine antihypertensive medications per protocol is feasible (restart delayed until the third=
postoperative day versus immediate restart). We also consider the exploratory efficacy hypothesisz
that perfusion-related complications and delirium are reduced by tight perioperative blood pressureg:
control.
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Introduction

When patients having major surgery reach the post-anaesthesia care unit, families naturally
assume that they have survived the most dangerous part of the perioperative experience. Their
assumption is wrong. Mortality in the 30 days after surgery is 1,000 times higher than intraoperative
mortality.”? In fact, if the month after surgery were considered a disease, it would be the third leading
cause of death in the United States.’ Most postoperative mortality occurs during the initial_
hospitalization, that is, under direct medical care in our highest-level facilities. The two most commong
and comparable causes of 30-day mortality after non-cardiac surgery are major bleeding which3
cannot easily be prevented, and myocardial injury which possibly can be; sepsis is a distant third.*

109

2 Aq pa

Myocardial injury after non-cardiac surgery (MINS) is defined by troponin elevation of presumablyo
ischemic origin, and is highly associated with 30-day® (Fig. 1) and one-year® mortality. Myocardlar<,
infarction (MI), per 4t Universal Definition, is defined by troponin elevation and either symptoms orz
signs of myocardial ischemia.” More than 90% of MINS and MI occur within the initial two:'
postoperative days.® Both are strongly associated with many unmodifiable baseline characterlstlcsg
including age, diabetes, and cardiovascular history. In large randomized trials (n=7,000-10,000), we3
have shown that Ml cannot be safely prevented by beta blockers,® avoiding nitrous oxide, 10
clonidine,' or aspirin.’> In a recent large trial, one patient in seven who had MINS suffered re-c
infarction within 17 postoperative months.'3
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Fig. 1. 30-day mortality as a function of postoperative 1 z
peak high-sensitivity troponin T. Mortality increases - 2
markedly from 0.1% at a troponin T concentration <5 ng/L 5.0 2
to 30% mortality when troponin T exceeds 1,000 ng/L. | Probability of u y
Data from The Vascular Events in Noncardiac Surgery 30-day°>/IortaI|ty 2.01 2
Patients Cohort Evaluation (VISION) Study Investigators: (e 1.0 n g
Association between complications and death within 30 05, - 5
days after noncardiac surgery. Can Med Assoc J 2019; 3
191: E830-E7 >
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Intraoperative hypotension is associated with MINS and MlI, with the harm threshold being a
mean arterial pressure (MAP) =65 mmHg (Fig. 2).'' The harm threshold for acute kidney injury (AKIE
is similar,’'617 and 40% of Stage 2 AKI persists or is worse 1-2 years after surgery (Turan,®
Anesthesiology, in press). We and others have also shown that postoperative hypotension is3
associated with myocardial infarction, independent of intraoperative hypotension (Fig. 3).181°
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Fig. 2. Lowest mean arterial pressure (MAP) thresholds
for myocardial injury after non-cardiac surgery. The left
graph shows the relationship between the Ilowest
cumulative absolute mean arterial pressure maintained
for 3 and 10 minutes and myocardial injury. The right
graph shows the relationship between the lowest
cumulative relative mean arterial pressure maintained for
3 and 10 minutes and myocardial injury. Both graphs are
multivariable logistic regressions adjusted for baseline
characteristics and smoothed by restricted cubic spline
with three degrees and knots at 10th, 50th, and 90th
percentiles of given exposure variable. From Salmasi, et
al: Relationship between intraoperative hypotension,
defined by either reduction from baseline or absolute
thresholds, and acute kidney and myocardial injury after
non-cardiac surgery: A retrospective cohort analysis.
Anesthesiology 2017; 126: 47-65.

Fig. 3. Odds ratios of average relative effect on the primary
composite of 30-day myocardial infarction and mortality for

three perioperative periods: intraoperative, remaining day of
surgery, and the initial four PODs of hospitalization. Cls for

multiple comparisons were adjusted by Bonferroni correction. &
Correspondingly, P < 0.017 (0.05/3) was considered to beg.
significant for the average relative effect. The circles presentd
the odds ratios, and the bars present the Cls. POD =g
postoperative day. From Sessler et al: Period- dependentc
associations between hypotension during and for four daysrr
after noncardiac surgery and a composite of myocard|al-
infarction and death: A substudy of the POISE-2 trial.of
Anesthesiology 2018; 128: 317-27
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There is currently sparse evidence that the associations are casual. But a small fragile
randomized trial (n=292) shows that preventing intraoperative hypotension reduces the risk of majors

UlulW elep pUE 1Xa) 0} paj:

complications by 25%.2° Perioperative hypotension is also associated with stroke,®2'2* althougha-
inconsistently.?> Blood pressure — specifically hypotension prevention — is therefore a modifiable>

factor that may reduce cardiovascular complications.

uluren |

Delirium is a common complication of cardiac surgery and is associated with morbidity and@
mortality.?-*2 The reported incidence of delirium after major non-cardiac surgery is typically about3
10%, and increases markedly as age increases beyond 65 years. The pathophysiology of delirium ise.
multifactorial but surely includes inadequate brain perfusion that results when mean arterial pressurei
is less than the lower limit of autoregulation.®3-3% Consistent with this theory, hypotension |s$
associated with delirium and cognitive decline,?83637 although inconsistently.?”3839 Limiteds
randomized data (n=199) indicate that hypotension causes delirium.*® Patients who have deliriumg
after surgery are far more likely than others to develop long-term cognitive impairment,*! although |tco
remains unknown whether the association is causal. Hypotension may also provoke overt or (farm
more commonly) covert strokes which is strongly linked to delirium.4?

No robust randomized trial has been published.
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Specific Aims

Mortality in the 30 days after surgery is surprisingly common, and usually occurs during the
initial hospitalization. Major bleeding and cardiovascular complications are the most common causes
of 30-day postoperative mortality. Cardiovascular complications are independently associated with
intraoperative and postoperative hypotension. Cognitive impairment, both acute delirium and long-
term, are common after major surgery. There is increasing evidence that perioperative hypotension_
may contribute to brain injury. However, there is currently only sparse and fragile randomizeds
evidence indicating that intraoperative hypotension prevention reduces cardiovascular risk and/org
cognitive impairment in non-cardiac surgical patients. We are planing to propose a robustg
international randomized trial in 6,254 patients to test the primary hypothesis that perioperative tightg
blood pressure management reduces a composite of major perfusion-related complicationsS
(myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury, deep or organ-=

Brik

space infection, sepsis, and death) in the 30 days after major non-cardiac surgery. _2
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluate%
feasibility, especially the ability to target blood pressure per protocol. 3

Aims

First, we will test whether there is suitable separation of intraoperative and postoperative bloo
pressure across two blood pressure management strategies (intraoperative MAP maintaine
=85 mmHg and postoperative tight pressure control versus routine care with some hypotension
expected).

QO

Uil elep pue 1x3a] 0] pare|al sasn 1o}

Second, that restarting routine antihypertensive medications per protocol should be feasible
(restart delayed until the third postoperative day versus immediate restart).

We also consider the exploratory efficacy hypothesis that perfusion-related complications and=.
delirium are reduced by tight perioperative blood pressure control.

Methods

pue ‘Buiuren |y ‘Bul

The trial will be conducted with IRB approval and written patient consent will be obtained.2.
There will be no restriction on sex, or ethnicity. All qualifying patients will be asked to consider the trialg
The trial is restricted to patients 245 years old because cardiovascular outcomes are rare in younger~
patients, but there is no upper age restriction. The trial will be registered on ClinicalTrial.gov beforej
enrollment.Pilot patients will be enrolled before normal enroliment.A full statistical analysis plan will beo
developed before any data are evaluated. Reporting will be consistent with the CONSORT gwdellnes S

m
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Subject selection

Consenting patients will be eligible if they are:

Scheduled for major noncardiac surgery expected to last at least 2 hours;
Having general endotracheal anesthesia;

Expected to require at least overnight hospitalization;

Are designated ASA physical status 2-4;

Chronically taking at least one anti-hypertensive medication;

Expected to have direct blood pressure monitoring with an arterial catheter;

At least 45 years old;

Cared for by clinicians willing to follow the protocol;

Subject to at least one of the following risk factors:

History of peripheral arterial surgery;

History of coronary artery disease;

History of stroke or transient ischemic attack;

Serum creatinine >175 ymal/L (>2.0 mg/dl);

Diabetes requiring medication;

Current smoking or 15 pack-year history of smoking tobacco

Scheduled for major vascular surgery

Body mass index 235 kg/m?;

Preoperative high-sensitivity troponin T >14 ng/L or troponin | equivalent
B-type natriuretic protein (BNP) >80 ng/ml or N-terminal B-type natriuretic protein (NT-
ProBNP) >200 ng/ml.

CONOORWN =
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Patients will be ineligible if they:

Are scheduled for carotid artery surgery;

Are scheduled for intracranial surgery;

Are scheduled for partial or complete nephrectomy

Are scheduled for pheochromocytoma surgery;

Are scheduled for liver transplantation;

Have a condition that precludes routine or tight blood pressure management such as surgeon
request for relative hypotension or relatively high pressure required for carotid artery surgery;
Have end-stage renal disease requiring dialysis or estimated glomerular filtration rate (eGFR)
<30 ml/min;

Have a documented history of dementia;

Have language, vision, or hearing impairments that may compromise cognitive assessments;

OO WN =
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Consenting patients who take either ACEIls or ARBs will be asked not to take the medications=
on the morning of surgery, and instead bring them with them to the hospital. Qualifying patients W|II°
be randomly allocated using computer-generated assignments 1:1 ratio without stratification in ach
block of four. Allocation will be concealed within sealed opaque envelopes until shortly beforef”
anesthesia induction. Allocation will thus remain concealed until the last practical moment.
Randomization will be implemented by clinicians in collaboration with research personnel. Arterial
catheter transducers will be positioned at the level of the right atrium, and adjusted as necessary if
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patient position is changed. A fast-flush square-wave test will be performed shortly after catheter
insertion to confirm that dynamic characteristics of the pressure monitoring system are appropriate.®

The treatments will be:1) norepinephrine infusion to maintain intraoperative MAP =285 mmHg,
delayed resumption of chronic antihypertensive medications, and a target ward systolic pressure of at
least 120 mmHg (tight pressure management); or, 2) routine intraoperative blood pressure
management and prompt resumption of chronic antihypertensive medications (routine pressure
management)

pPa13310.1d

Tight pressure management. In patients assigned to tight pressure management,
angiotensin converting enzyme inhibitors (ACEls) and angiotensin receptor blockers (ARBs) will notz
be given the morning of surgery. Clinicians will be encouraged to insert the required arterial catheterg
before anesthetic induction because much hypotension occurs shortly after anesthetic induction.*® A2
norepinephrine infusion (in the preferred local concentration) will be prepared, connected to an2
intravenous catheter, and activated at a low rate. Norepinephrine can be safely given through aZ.
central catheter or peripherally. In a recent study of 14,328 patients, there were only 5 extravasation2
events and not a single patient experienced local tissue injury.*” It can be substituted ifS
norepinephrine is contraindicated or impractical.

Buipn|ou

General anesthesia will be induced with propofol which will be given in repeated small boluses
in an effort to keep intraoperative MAP =285 mmHg. Simultaneously, the vasopressor infusion will be
adjusted with the same goal. Anesthetic dose, fluid administration, and vasopressor administration
will be adjusted with the goal of maintaining intraoperative MAP 285 mmHg.

Resumption of chronic anti-hypertensive medications will be delayed until the third
postoperative day unless deemed necessary to treat hypertension or for some other clear indication
(e.g., preventing atrial fibrillation in a chronic beta-blocker user) because >90% of MINS occurs within
48 hours after surgery. When necessary to treat hypertension, chronic antihypertensive or new
medications can be used per clinician preference. Clinicians will make what efforts they can toz.
maintain postoperative systolic pressure of at least 120 mmHg during the initial three postoperatives™
days by maintaining adequate hydration, using inotropic and chronotropic drugs, and vasopressor as:.
necessary. This protocol specifies the blood pressure target, but leaves implementation to cllnlcalq
judgement.
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Routine pressure management: In patients assigned to routine pressure management,g
ACEls and ARBs can be given the morning of surgery if deemed appropriate by the attendingz
anesthesiologist. The arterial catheter will be inserted before or after induction of anesthesia per3.
clinician preference. General anesthesia will be induced and maintained per routine. Intraoperative~
pressure management will be per routine. As usual, chronic anti-hypertensive medications will be&

restarted shortly after surgery unless contraindicated by hypotension.

!60|0uq

In both groups, other aspects of anesthetic management will be at the discretion of theg
responsible anesthesiologist, including the types and volumes of various fluids. Volatile or
intravenous anesthesia is permitted. There is increasing evidence that deep anesthesia promotes
deliium and long-term cognitive dysfunction (Evered, in review).*® Therefore, processed EEG
monitoring, such as the Bispectral Index (BIS) or Patient State Index (PSI), should be used. If BIS is

7
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the method, a value of 50 should be targeted from soon after induction until shortly before emergence.
If another EEG system is used, a comparable hypnotic depth should be targeted.

There will be no limitation on ancillary vasoactive, chronotropic, and inotropic drugs. Clinicians
will be free to use advanced hemodynamic monitoring (e.g., FlowTrac, esophageal Doppler, etc.).
Blood products will be given per routine. Similarly, postoperative analgesic management will be per
routine and clinician preference. Neuraxial and peripheral nerve blocks are permitted, but epidural
catheters should not be activated until surgery is nearly finished.

Because patients must be fairly sick to qualify for Pilot GUARDIAN, some will go to directlya
from surgery to critical care units, or much less often, become unstable and require transfer from ag
routine ward to an ICU. In either case, every effort will be to maintain randomized treatments and3

blood pressure targets. g

In all cases, good judgement will predominate. Clinicians should always act in their patients’é
best interests, irrespective of the GUARDIAN protocol. g
Measurements §
Baseline E

Baseline demographic and morphometric characteristics will be recorded, including height,
weight, and sex. Routine anesthetic variables will be recorded including volatile anesthetic partial
pressure, Fluid type and volume, estimated blood loss, and transfusions. Cardiovascular risks will be
recorded, including hypertension requiring treatment, diabetes requiring oral medications or insulin,
history of previous myocardial infarction, congestive heart failure, chronic obstructive pulmonary
disease, current smoking status, and pack-years of smoking history. Cardiovascular medications will
be similarly recorded by category, including beta blockers, angiotensin converting enzyme inhibitors,
angiotensin receptor blockers, and statins. Types of surgery will be characterized as orthopedic,
laparoscopic, open abdominal, neurosurgical (including spine), thoracic, urologic, gynecologic,
vascular, and other. Timing will be characterized as elective, urgent, or emergent.
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Baseline laboratory values (within 30 days before surgery) will be recorded on an as- avallable‘Q '
basis, including albumin, BNP, and NT-ProBNP. Baseline electrocardiogram and echocardlogramj—>
interpretations will also be recorded as available, as will hemoglobin and creatinine other thang.

specified below. §
Q

Perioperative a
Blood pressure is our primary exposure and will therefore be carefully recorded. The most%

recent pressure from a clinic assessment will be used. Our institution have electronic anesthesia
records that will automatically record systolic, mean, and diastolic pressures from the required artenal“
catheter at no less than 1-minute intervals. When possible, we will obtain electronic data which areo
efficient, denser, and more reliable than manual recording. But where necessary, intraoperative bIoodLg
pressures will be recorded manually at 5-minute intervals. Ward blood pressure will normally be?
recorded by nurses at 8-hour-intervals. Any pressures obtained for clinical purposes will be recorded
for use in the trial.Additional ward pressures might also be obtained. However, all blood pressures
during the initial three postoperative days will be retrieved and included in the trial database. We will
restrict recording to this period because >90% of postoperative myocardial injury occurs within the

8
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initial two postoperative days. High-risk patients may require ICU admission. Blood pressure is
measured frequently in critical care units, and all available pressures will be recorded.

We will require creatinine preoperatively (within 30 days), and on the initial three
postoperative days while patients remain hospitalized. Additional values obtained for clinical reasons
will be recorded during the initial 30 postoperative days. Hemoglobin will be recorded on an as-
available basis for the initial three postoperative days.

Blood for generations 4 or 5 troponin T, or troponin | will be recorded preoperatively up to
30 days before surgery, and on the first three postoperative days so long as patients remaina
hospitalized.® Additional troponin samples will also be obtained if patients have shortness of breath org
experience chest, neck, or arm pain. Blood troponin concentrations exceeding thresholds (dependingd
on individual types of troponin tests) should prompt cardiology consultation, an electrocardiogram,2
and when practical an echocardiogram.

q u/(do:)

Myocardial injury will be diagnosed by objective screening based on preoperative and firsta
three postoperative day troponin | values crossing specific thresholds for MINS so long as patlentsi.
remain hospitalized. Abnormal troponin concentrations will be evaluated as clinically indicated with2
ECG, echocardiography, and clinical symptoms; the resulting values will be recorded, as will others:
cardiovascular interventions such as angioplasty. MINS will be diagnosed by troponin exceeding2,
thresholds apparently of ischemic origin (e.g., no other obvious cause for artifactual elevation).= S
Myocardial infarction will also be centrally adjudicated and require both MINS and at least one
symptom (e.g., chest pain or shortness of breath) or sign (e.g. ECG or echocardiogram abnormality).

We will consider all patients who had an elevated serum troponin concentration anytime during
the first 30 days after surgery and determine the presence of any ischemic features (i.e., whethe
patients fulfilled the universal definition of myocardial infarction),® whether there was a non-ischemic
etiology that could explain the elevated troponin measurement, and whether the myocardial inju
appears to have occurred during or after surgery (i.e., no evidence to support it was due to
preoperative event).
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Myocardial injury after non-cardiac surgery will be defined as having values exceeding Iocal
99" percentile for troponin |. Patients meeting diagnostic criteria for MINS will be evaluated for;>
myocardial infarction with an electrocardiogram, echocardiogram (when possible), and a cardlac~
consultation. Non-fatal cardiac arrest and mortality will be determined from case-reports and medlcaI:sj
records. Strokes will be detected based on clinical symptoms, and require radiographic evidencea
consistent with new-onset cerebral ischemic or hemorrhagic injury.

IS pue

Delirium will be assessed 7-10 AM and 5-8 PM for the initial four postoperative days while2.
patients remain hospitalized because this approach will detect nearly all postoperative deIiriumE
(Fig. 4). Delirium will not be evaluated the evening after surgery because confusion might result from§
residual anesthetic effects. We will use the 3D-CAM which is based on a three-minute questionnaire,3
and has a sensitivity of 95% (95% Cl, 84, 99), and specificity of 94% (Cl: 90, 97) compared withg
formal psychometric evaluation.®" The test works well in patients with dementia.>' CAM-ICU, which isg
also well validated, will be substituted when patients are intubated.?? Delirium will be assessed by
investigators trained in the methods. Any positive CAM test will be considered evidence of delirium
which will analyzed dichotomously.
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Fig. 4. Detection of delirium with CAM-ICU as a 10
function of assessment times over postoperative
days 1-5. Nearly all delirium was detected with twice
daily assessments for the initial four postoperative 5
days. From Hamadnalla, et al, in review.
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Acute kidney injury. Postoperative Acute Kidney Injury will be defined by Kidney Disease Improvings
Global Guidelines (KDIGO) Clinical Practice Guidelines.110 By convention in perioperative studies,%
urine output will not be considered since it is rarely available.111 Specifically, patients will beZ
considered to have Stage 1 acute kidney injury (risk) if the postoperative serum creatinine increases=
at 1.5-1.9-fold or by more than 0.3 mg/dl (226.5 umol/L) within a 48-hour period. Stage 2 will bez
defined by a 2.0-2.9-fold increase in creatinine, and Stage 3 will be defined by a 3-fold increase in5
creatinine or an increase from baseline by 24 mg/dl (=353.6 pmol/L) or initiation of renal replacement‘;
therapy.We will compare the preoperative creatinine concentration closest to surgery to the highest“
postoperative concentration measured within 7 days. Only Stages 2 and 3 will be considered for thed
primary perioperative composite.

Outcomes and clinically meaningful differences

The first co-primary feasibility outcomes are the fraction of time when intraoperative
MAP >85 mmHg, intraoperative area of MAP >85 mmHg, and intraoperative area of MAP <65 mmHg.
The area of MAP below (above) a threshold refers to the cumulative sum of areas for the MAP-time
curve below (above) the specified threshold.

p IOUB 1X3] 0] pajle|al sas

The second co-primary feasibility outcome is postoperative blood pressure management
characterized by the time routine antihypertensive medications restarted after surgery.

‘6UIUIUJ ele
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The secondary feasibility outcome measures are time-weighted average (TWA)2
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative systolic bIoo =]
pressure (SBP), and mean of the lowest 3 postoperative SBPs.

‘D

The exploratory efficacy outcome measures are: 1) perfusion-related complications withing
30 days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

uyoa) Jejiwis pue

Adverse Events

A serious adverse event (SAE) is defined as any untoward medical occurrence that at any—
dose: is life-threatening; or requires inpatient hospitalization or prolongation of existing hospitalization;3
or results in persistent or significant disability/incapacity; or is a congenital anomaly/birth defect; or isf”
a medically important event.

Suspected unexpected serious adverse reactions (SUSARSs) are events that meet the following
criteria: 1) suspected to be causally associated with blood pressure management, anesthetic
induction agent, or vasopressor; 2) unexpected if the nature, severity, or outcome of the reaction(s) is

10
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not consistent with the reference information (i.e., product monograph for trial drugs); 3) serious (as
defined above for an SAE); and 4) not a defined efficacy.

Efficacy and safety outcomes will be recorded separately and not as SAEs, except if, because
of the course or severity or any other feature of such events, the investigator, according to his/her
best medical judgment, considers these events as exceptional in this medical condition.

Hospitalizations, which were planned before inclusion in the study (e.g., elective or scheduled
surgery or other interventions), will not be regarded as SAEs. This pertains also to hospitalizations
which are part of the normal treatment or monitoring of the studied disease or another disease
present before inclusion in the study (e.g., patient returning to the hospital for chemotherapy), and
which did not result in a worsening of the disease.

All SAEs need to be reported within 48 hours of knowledge of the event to the Project Office.d
For such events, research personnel will complete an SAE CRF in the database. The Project Officed
will then inform regulatory authorities in a timely manner, as necessary, according to the applicable2
regulations. S

The DMC will provide oversight of patients’ safety throughout the trial by reviewing aggregate=s.
data (including all reported study outcome events and SAEs) by treatment group at regular intervals
throughout the duration of the trial and as defined in the DMC Charter.

104d
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Data Analysis

Primary, secondary, and exploratory outcomes will be analyzed on a modified intent-to-treat
basis by randomized group assignments. Specifically, we will include all randomized patients who
have surgery, even if the operation is changed to one that would not otherwise qualify for Pilot
GUARDIAN.

Balance on baseline characteristics will be assessed using absolute standardized difference
(ASD), which is defined as the absolute difference in means, ranks, or proportions divided by ’[heTJ
pooled standard deviation. Groups are considered to be imbalanced with respect to a baselines
characteristic when ASD exceeded 0.44 [1.96*sqrt(1/n4 + 1/n2)].

We primarily evaluate the effect of tight blood pressure control on the fraction of time when<

:) AQ pa12910

intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests will be used toS
evaluate the effect of tight perioperative BP control on intraoperative area of MAP >85 mmHg,E.
intraoperative area of MAP <65 mmHg, and time to restart routine antihypertensive medications after=

surgery.

Sample Size Considerations

The study will enroll 40 patients in each treatment group. Design analysis for the study will be

done after data collection but before we conducted the analysis.

The fraction of time spent above 85 mmHg is assumed to be distributed as Beta (5, 5) an
with the above sample size, the confidence interval half-width for estimating the mean would be 0.0
which is deemed to be sufficiently precise. The beta distribution is appropriate as the outcome is
restricted to the closed interval between 0 and 1. The observed confidence interval widths are 0.01.
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ABSTRACT

Objective: Evaluate feasibility of a trial of perioperative hypotension and serious
complications.

Design: A patient and assessor blinded randomized feasibility trial.

Setting: We included patients in tertiary university hospital.

Participants: We enrolled 80 adults scheduled for major non-cardiac surgery.
Interventions: In patients randomized to tight blood pressure control, intraoperative
mean arterial pressure (MAP) was targeted to >85 mmHg maintained with
norepinephrine infusion, and restarting chronic antihypertensive medications was delayed
until the third postoperative day. In the reference group, intraoperative blood pressure was
managed per routine and antihypertensive medications were restarted immediately after
surgery.

Primary and secondary outcome measures: Our first co-primary outcome was the
fraction of time when intraoperative MAP was >85 mmHg, intraoperative area (time
integral Jof MAP >85 mmHg, and MAP <65 mmHg. The second co-primary outcome
was time until antihypertensive medications were restarted after surgery. Secondary
outcomes were time-weighted average (TWA) intraoperative MAP, cumulative minimum
MAP for 10 minutes, average postoperative systolic blood pressure (SBP), and mean of
the lowest 3 postoperative SBPs.

Results: Forty patients in each group were analyzed. The median for intraoperative area
of MAP >85 mmHg was 1303 [772-2419] mmHg*min in routine BP cases and 2425
[1926- 3545] mmHg*min in tight BP control. The area for intraoperative MAP

<65 mmHg was 7 [0-40] mmHg*min with routine BP management, and 0 [0-0]
mmHg*min with tight BP control. The fraction of time with MAP>85 mmHg was 0.52
(0.25) and 0.87 (0.15). Antihypertensive medications were restarted 2 [1 to 3] days later
in tight BP control cases. However, postoperative systolic pressures were similar.
Conclusions: Tight BP management markedly increased intraoperative MAP and
reduced the amount of hypotension. In contrast, delaying chronic antihypertensive
medications had little effect on postoperative systolic pressure. The full trial appears

feasible and remains necessary but should not include postoperative antihypertensive

2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

management.
*  Trial registration: www.clinicaltrials.gov (NCT04789733).
* Keywords: Anesthesia, blood pressure, perioperative management, myocardial injury

after non-cardiac surgery, myocardial infarction, acute kidney injury, delirium.

Strengths and limitations of this study

* The protocol was practical, and intraoperative pressure management resulted in excellent
separation..

* However, we failed to manipulate postoperative blood pressure by changing when
antihypertensive medications were restarted.

» Feasibility in one site does not mean that it will prove practical at all trial sites.

Word count: 3940
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INTRODUCTION

Mortality in the 30 days after surgery is more than 100 times higher than intraoperative
mortality.[1] Myocardial injury and associated vascular complications are among the leading
causes of postoperative mortality.[2]Intraoperative hypotension is associated with myocardial
injury after non-cardiac surgery (MINS) and myocardial infarction (MI), with the apparent
harm threshold being a mean arterial pressure (MAP) = 65 mmHg.[3, 4]Furthermore,
postoperative hypotension is associated with myocardial infarction even after adjustment for
intraoperative hypotension.[5]

The harm threshold for perioperative acute kidney injury (AKI) also appears to be a mean
arterial pressure (MAP) near 65 mmHg.[6]Perioperative hypotension is also associated with
delirium and cognitive decline,[7, 8]although inconsistently.[9] Furthermore, cumulative
duration of MAP less than 50, 55, 60, 70, and 80 mmHg appear associated with increased odds
of 30-day mortality after noncardiac surgery is reported in a retrospective cohort.[4]
Hypotension prevention may therefore be a modifiable factor that reduces postoperative
cardiovascular and perfusion related complications.

There is currently sparse evidence that the associations observed between hypotension and
myocardial and renal injury are casual. A small randomized trial (n=292) reports that preventing
intraoperative hypotension reduces the risk of major complications by 25%.[10] In contrast, a
458-patient randomized trial demonstrated no improvement with tight intraoperative blood
pressure control.[11] Limited randomized data (n=199) also suggests that hypotension causes
delirium.[12]

A robust trial remains necessary to characterize the potential benefits of reducing perioperative
hypotension in high-risk patients. We therefore plan a multi-national randomized trial to test
the primary hypothesis that perioperative hypotension prevention in high-risk patients reduces
a composite of perfusion-related complications in the 30 days after major non-cardiac surgery.
In anticipation of the full trial, we conducted a pre-planned feasibility trial — reported here —
designed to evaluate feasibility, especially the ability to target blood pressure per protocol.

METHODS AND ANALYSIS: PARTICIPANTS, INTERVENTION, AND
OUTCOMES

Study design

This single-center trial was performed in China-Japan Union Hospital of Jilin University (Jilin,
China). The study was approved by the Institutional Review Board (IRB #20201120) on
November 30, 2020 and written informed consent was obtained from all subjects participating
in the trial. The trial was registered prior to patient enrollment at clinicaltrials.gov
(NCT04789733, named as The GUARDIAN Pilot Trial, Principal investigator: K.L.).
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Inclusion criteria

Major inclusion criteria were age >45 years; noncardiac surgery expected to last at least 2

hours; overnight hospitalization; ASA physical status 2-4; chronically taking at least one anti-
hypertensive medication; and expected to have an arterial catheter before anaesthesia induction.
Participants were also required to have at least one of following risk factors: 1) history of
peripheral arterial surgery; 2) history of coronary artery disease; 3) history of stroke or transient
ischemic attack; 4)serum creatinine >175 pmol/L (>2.0 mg/dl); 5) diabetes requiring
medication; 6) current smoking or 15 pack-year history of smoking tobacco; 7) scheduled for
major vascular surgery; 8)body mass index > 35 kg/m?; 9) preoperative high-sensitivity

troponin T >14 ng/L or troponin I equivalent; or 10) B-type natriuretic protein (BNP) >80 ng/L
or N-terminal B-type natriuretic protein (NT-proBNP) >100 ng/L.

Exclusion criteria

Patients were excluded when they were scheduled for carotid artery surgery, intracranial
surgery, partial or complete nephrectomy, pheochromocytoma surgery or liver transplantation.
Patients were similarly excluded if they had a condition that precluded routine or tight blood
pressure management or had end-stage renal disease. And finally, we also excluded patients
with dementia or impairments that might compromise cognitive assessments.

Randomization and masking

Participants were randomly allocated using computer-generated assignments to tight or routine
pressure management in a 1:1 ratio without stratification in a block size of four by an
independent statistician (D.S.Y) using SAS 9.2 software (SAS Institute, USA). Allocation was
concealed within sealed opaque envelopes until shortly before anesthesia induction.

Intervention

The original protocol is detailed in Supplemental Text Document. No changes were made
before trial data were accessed. This manuscript adheres to the applicable CONSORT
guidelines.

Our feasibility trial was designed to inform a future pivotal trial by considering two co-primary
feasibility hypotheses. First that there is suitable statistically significant and clinically
meaningful separation of intraoperative and postoperative blood pressure across two blood
pressure management strategies (intraoperative MAP maintained > 85 mmHg and
postoperative tight pressure control versus routine care with some hypotension expected). And
second, that restarting routine antihypertensive medications per protocol is feasible (restart
delayed until the third postoperative day versus immediate restart). We also consider the
exploratory efficacy hypothesis that perfusion-related complications and delirium are reduced
by tight perioperative blood pressure control.

In patients assigned to tight pressure management, angiotensin converting enzyme inhibitors
(ACElIs) and angiotensin receptor blockers (ARBs) were not given the morning of surgery. A
norepinephrine peripherally intravenous infusion was adjusted to maintain intraoperative MAP
>85 mmHg. Either intermittent bolus 4-8 ug noradrenaline at 2 mg/500 ml or a continuous
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infusion noradrenaline 3-10 ml/h of a 2 mg/50 ml solution was used per clinical routine in our
institution. General anesthesia was induced and maintained per routine as intraoperative
bispectral index value of 40-60. Fluid administration and blood transfusion were also per
clinical judgement. Resumption of chronic anti-hypertensive medications was delayed until the
third postoperative day unless deemed necessary to treat hypertension or for another clinical
indication.

In patients assigned to routine pressure management, routinely used ACEIs and ARBs were
given the morning of surgery if deemed appropriate by the attending anesthesiologist.
Vasopressors, as above, were used per the attending clinician’s discretion. General anesthesia
was induced and maintained per routine as intraoperative bispectral index of 40-60. Fluid
administration and blood transfusion were also per clinical judgement. Intraoperative pressure
management was per routine. As usual, chronic anti-hypertensive medication was restarted
shortly after surgery unless contraindicated by hypotension.

Blinding

Randomization and group assignment were performed by an investigator (K.L) who did not
participate in perioperative care or data collection. Anesthesiologists who were responsible for
anesthetic management were not involved in trial follow up. Investigators(Z.T.H, W.Y.L)who
performed postoperative follow-up and patients were masked to study group assignment. The
trial was thus assessor and patients blinded.

Data collection

The required data was collected by trained research staff, recorded in paper based case report
forms (CRFs) and then stored into Excel digital forms. Assessors will conduct the follow-up
procedures in person.

Measurements

Intraoperative pressures from the required arterial catheter were automatically recorded in our
electronic anesthesia records at 1-minute intervals before anesthesia induction. Typically,
postoperative pressures were measured oscillometrically at 8-hour intervals in surgical ward.
For perfusion-related complications, we considered a collapsed (one or more) composite of
myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury defined by the
creatinine component of the Kidney Disease: Improving Global Outcomes (KIDGO) definition,
deep or organ-space infection, sepsis, and all-cause mortality within 30 days of surgery. We
required high-sensitivity troponin I and creatinine preoperatively and daily for the initial three
postoperative days.

Myocardial injury after non-cardiac surgery was defined as troponin I exceeding the local 99th
percentile (0.04 ng/mL).[13] Strokes were detected based on clinical symptoms and required
radiographic evidence consistent with new-onset cerebral ischemic or hemorrhagic injury.
Delirium was assessed between 7-10 AM and again between 5-8 PM by 3D-CAM for the initial
four postoperative days while patients remain hospitalized,[14] with any positive assessment
being considered evidence of delirium.
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Primary outcomes

The first co-primary outcome was the fraction of time when intraoperative MAP was >85
mmHg, intraoperative area (time integral) of MAP >85 mmHg, and intraoperative area (time
integral) of MAP <65 mmHg.

The second co-primary outcome was postoperative blood pressure management, characterized
by the time routine antihypertensive medications were restarted after surgery.

Secondary outcomes

The secondary feasibility outcome measures were time-weighted average (TWA)
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative systolic
blood pressure (SBP), and mean of the lowest 3 postoperative SBPs. Cumulative minimum
MAP for 10 minutes was calculated as the lowest MAP, at or below which a patient’s MAP
was sustained for at least 10 minutes during the surgery. Post-hoc, we also defined the measures
intraoperative area over MAP >80 mmHg and area of MAP <60 mmHg as additional secondary
outcomes.

The exploratory efficacy outcome measures were: 1) perfusion-related complications within 30
days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

Data and sample storage
All relevant clinical trial materials will be saved for at least 3 years after termination of the trial.
The investigators and statistician have access to the entire data set.

Data monitoring
The trial was coordinated by an Executive Committee, but there was not an external Data and
Safety Monitoring Board.

Protocol changes
No protocol changes were made during the trial or before trial data were accessed.

Power calculation

The study enrolled 40 patients in each treatment group. The statistical analysis plan was
finalized after patients were enrolled, but before data were accessed. As this was a feasibility
trial, our primary goal was to assess implementation of the protocol. We nonetheless estimate
how many patients were required to give us a reasonable sense of dispersion that would be the
basis for a subsequent full trial.

The fraction of time spent above 85 mmHg was not expected to be normally distributed and
instead, assumed to have a Beta(5,5) distribution. Using the above sample size, the confidence
interval half-width for estimating the mean would be 0.05, which was deemed to be sufficiently
precise. The observed confidence interval widths were 0.01.

Area of MAP <65 mmHg is typically heavily skewed and not normally distributed. Using the
same sample size as above, we assumed that area of MAP <65 mmHg would be distributed as
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Gamma (0.25, 0.1) which would give us a confidence interval half-width of 0.73. This was
deemed to be sufficiently precise for estimation of the mean area of MAP <65 mmHg. The
observed CI half-widths were 8.6 [reference group] and O [treatment group].

Statistical analysis

Balance on baseline characteristics was assessed using absolute standardized difference (ASD),
which is defined as the absolute difference in means, ranks, or proportions divided by the pooled
standard deviation. Groups were considered to be imbalanced with respect to a baseline
characteristic when ASD exceeded 0.44 [1.96*sqrt(1/nl + 1/n2)].[15]

We primarily evaluated the effect of tight blood pressure control on the fraction of time when
intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests were used to
evaluate the effect of tight perioperative BP control on intraoperative area of MAP >85 mmHg,
intraoperative area of MAP <65 mmHg, and time to restart routine antihypertensive
medications after surgery.

We also evaluated the effect of tight blood pressure control on intraoperative area of MAP >80
mmHg, and intraoperative area of MAP <60 mmHg using Wilcoxon rank-sum tests. We used
two-sided, two-sample t-tests to evaluate the effect of blood pressure control on time-weighted
average intraoperative mean arterial pressure, cumulative minimum MAP for 10 minutes, time
weighted average SBP, and mean of the lowest 3 postoperative SBPs. On an exploratory bases,
we used log-binomial models to evaluate a collapsed composite of perfusion-related
complications, and postoperative delirium.

All analyses were conducted using R 4.0.2.

Patient and public involvement
There was no public or patient involvement.

Ethics and dissemination:

The protocol was approved by The Ethics Committee of the China-Japan Union Hospital of
Jilin University, Changchun, China, (Chairperson Prof. Songyan Liu) on November 30, 2020
(Approval number: 20201120).and written informed consent was obtained from all subjects
participating in the trial.

Results

Between May 23, 2021, and September 29, 2021, 9618 cases were screened, and 393 were
deemed eligible. Two-hundred and ninety cases were preferentially enrolled by another trial. A
total of 103 patients were approached, and 80 consented. Forty patients were randomized to
tight pressure management and 40 were randomized to routine pressure management. No
patients withdrew before hospital discharge. Our CONSORT flow diagram is presented in
Figure 1. Three patients assigned to tight pressure management were lost between discharge
and the 1-month follow-up assessment. There were thus 80 patients included in the primary
analysis, and 77 in the 1-month analysis. The last patient follow-up was completed on
November 1, 2021.
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Patient demographic and baseline characteristics are presented in Table 1. Only diastolic blood
pressure (DBP) and surgery type were imbalanced, with ASD >0.44. The median [Q1, Q3]
blood loss was 175 [100, 300] ml in the tight perioperative BP control group and 50 [50, 200]
ml in the routine BP management group.

Table 1.Patient baseline and demographic characteristics

Page 10 of 43

Characteristic

Age

Height - cm

Weight - kg

SBP

DBP

Surgery length (hours)

Surgery Type
Abdominal
Gynecologic
Neurosurgical
Orthopedic
Thoracic

Thoracic and abdominal
Urology

Smokers

Routine perioperative BP
control

N=40
68 (10)
166 (8)
66 (12)
142 (18)
80 (10)

2.56 [2, 4]

23 (58%)
0 (0)
2 (5%)
6 (15%)
7 (18%)
1 (2%)
1 (2%)
8 (20%)

Tight perioperative
BP management

N=40
67 (10)
165 (8)

71 (16)

148 (21)

86 (10)
2.25[1.7,2.8]

18 (45%)
1 (2%)
6 (15%)
3 (8%)
12 (30%)
0(0)
0(0)
6 (15%)

ASD

0.12
0.06
0.28
0.31
0.67"
0.26
0.66"

0.13

Data are presented as mean (SD), median [Q1, Q3] orn (%) as appropriate.
ASD — Absolute Standardized Difference; "ASD > 0.44 indicates imbalance.

The mean (SD) fraction of time with intraoperative MAP exceeding 85 mmHg (i.e., time when

MAP >85 mmHg divided by total surgery duration) was 0.52(0.25) in patients assigned to

routine blood pressure management and 0.87(0.15) in those assigned to tight control. The

estimated absolute difference in the mean fraction of time between tight and routine blood
pressure management was 0.35 [95% CI: 0.26, 0.44].
The median [Q1-Q3] intraoperative area of MAP >85 mmHg was 1303 [772-2419] mmHg*min
in patients assigned to routine perioperative BP control and 2425 [1926- 3545] mmHg*min in

those assigned to tight perioperative BP management (Figure 2). Tight blood pressure control
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increased area of MAP >85 mmHg by 1102 [95% CI: 596, 1608] mmHg*min. Similarly, for
intraoperative area of MAP <65 mmHg, the median [Q1-Q3] was 7 [0-40] mmHg*min with
routine pressure management, and 0 [0-0] mmHg*min with tight control (Figure 3). Tight
pressure control thus reduced exposure to MAP <65 mmHg by 6 [95% CI: 2, 15] mmHg*min.
In the routine pressure management group, 40% (n = 16) of the patients experienced
hypotension (any time below 65 mmHg) with a median [Q1-Q3] duration of 6 [2-9] minutes
compared to 10% (n = 4) in the tight blood pressure control group, with a median duration of 5
[4-6] minutes (Supplemental Figure 1).

The median [Q1, Q3] intraoperative area of MAP >80 mmHg was 1917 [1249-3169]
mmHg*min in patients assigned to routine BP control and 3355 [2549-4417] mmHg*min in
the patients assigned to tight BP control. The area of MAP >80 mmHg was thus 1335 [95% CI:
667, 1928] mmHg*min greater in patients assigned to tight pressure control. For intraoperative
area of MAP <60 mmHg, the median was 0 [0-6] mmHg*min with routine pressure
management and 0 [0-0] mmHg*min with tight pressure control, for an estimated treatment
effect of 0 [95% CI: 0, 0] (Table 2).

Table 2. Summary of analysis results.

Routine BP Tight Perioperative Estimated
Outcome Management* BP Control* treatment effect
N=40 N=40 [95% CI]
Primary Outcomes
Fracti fint ti i
raction of intraoperative period 0.52 (0.25) 0.87 (0.15) 0.35 [0.26 to 0.44]**

with MAP >85 mmHg

Area of intraoperative MAP >85
mmHg (mmHg*min)

Area of intraoperative MAP <65

1303 [772-2419]

2425 [1926- 3545]

4 -
mmHg (mmHg*min) 710-40] 0 [0-0]
Time to restart antihypertensive
medications (days) 1 [1-1] 4 [3-4]

1102 [596 to
1608]%**

-6 [-15 to -2]***

2[1 to 3]***

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xa1 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

Secondary Outcomes

Area of intraoperative MAP >80
mmHg (mmHg*min)

1917 [1249- 3169]

10

3355 [2549-4417]
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Area of intraoperative MAP <60

- - kok
mmHg (mmHg*min) 0[0-6] 0 [0-0] 0 [0 to 0]

Time-weighted average

skskk
intraoperative MAP (mmHg) 890) 101(8) 12 [8 to 16]

Mean postoperative systolic
pressure (mmHg)

Mean of 3 lowest postoperative
systolic pressures [mmHg]

Minimum intraoperative MAP
sustained for 10 cumulative 71(9) 85(9) 14 [11 to 18]***
minutes (mmHg)

133(15) 138(13) 5[-1to 11]#**

122(14) 127(14) 5[-1 tol 1]+

*Data presented as means (SD) or medians [IQR]
** Difference in means and 95% CI

*** Hodges Lehmann shift estimator

The mean difference in the intraoperative TWA MAP between tight and routine pressure
management was 12 [95% CI: 8 to 16] mmHg, and the difference in cumulative intraoperative
minimum MAP sustained for 10 minutes was 14 [95% CI: 11 to 18] mmHg. (Supplemental
Figure 2; Table 2).

Antihypertensive medications were restarted 2 [95% CI: 1 to 3] days later in patients assigned
to tight blood pressure control. The difference [95% CI] in postoperative mean SBP between
tight and routine pressure management was 5 [-1 to 11] mmHg, and the difference in mean of
the lowest 3 postoperative SBP measurements was also 5 [-1 to 11] mmHg (Supplemental
Figure 3; Table 2).

The incidence of perfusion related complications was 12% in both groups and the relative risk
was estimated to be 1.0 [0.3 to 3.3]. No delirium was detected in either group. No severe adverse
events were attributed to the study.

DISCUSSION

Intraoperative blood pressure management was well maintained in patients assigned to tight
control titrated with norepinephrine intravenous infusion, and MAP exceeded the target of
85 mmHg in 87% of the time. Furthermore, the average of the lowest mean arterial pressures
sustained for ten minutes in the tight group was 85 mmHg, indicating that mean arterial
pressures in these patients was only rarely and transiently less than 85 mmHg. Intraoperative
pressures also exceeded 85 mmHg about half the time in patients assigned to routine
management which is unsurprising since hypertension was an inclusion criterion for the trial.

Because patients cannot be randomized to hypotension, the more important question is the
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extent to which pressures were <65 mmHg, which is thought to be the intraoperative harm
threshold, with routine management. There was almost no hypotension in patients assigned to
tight control whereas the median area <65 mmHg was 7 mmHg*min in those with routine
management. Furthermore, the lowest mean arterial pressures sustained for ten minutes in
patients assigned to routine management was 71 (9) mmHg, and about 40% of patients had
lowest sustained pressures <65 mmHg. There were thus distinct differences in mean arterial
pressures in the two management groups, with one having virtually no hypotension and the
other often experiencing mean pressures <65 mmHg.

Antihypertensive management was successful with the mean restart day being 1 with routine
management and 4 with tight management, corresponding to a difference of 2 [95% CI: 1 to 3]
days which is a clinically meaningful difference. However, antihypertensive management had
little effect on postoperative systolic pressures, with the lowest three measurements differing
by only 5 mmHg. Furthermore, the average lowest measurements exceeded 120 mmHg which
is well above proposed postoperative harm threshold defined either by a mean arterial pressure
of 75 mmHg[16] or a systolic pressure of 90 mmHg.[5]These results suggest that
antihypertensive management should not be included in the full trial.

Previous studies report considerably more postoperative hypotension than we observed. For
example, Liem reported that 2 cumulative hours below threshold of 60 mmHg occurred in 8%
patients and 4 continuous hours less than 75 mmHg occurred in 48% patients.[16] Khanna and
colleagues similarly reported that 63% of patients experienced a MAP <75 mmHg within 48
hours after surgery, and that 22% experienced MAP <65 mmHg.[17]However, there were two
important differences between our trial and previous observational reports. The first is that both
previous reports were based on continuous noninvasive blood pressure monitoring rather than
oscillometric assessments at 8-hour intervals. Continuous monitoring will obviously detect
more hypotension than intermittent monitoring. Furthermore, continuous non-invasive
monitors are not well validated and may at times generate false low values. More frequent
postoperative measurements would be helpful in a full trial. The second important difference
between current and previous results is that enrollment in our feasibility trial was restricted to
patients taking anti-hypertensive medications, and thus having a diagnosis of hypertension. It
is understandable that hypertensive patients would have less hypotension than a general surgical
population.

Only 10 of 80 patients experienced our composite outcome of major perfusion-related
complications, evenly split between the treatment groups. With so few events, the (lack of)
difference between the groups is noninformative. Curiously, no delirium was observed in our
80 patients. The incidence of delirium after noncardiac surgery varies widely, but is probably
now lower than previously reported.[18, 19] Delirium incidence also clearly depends strongly
on age, with the incidence increasing markedly in patients older than 65 years.[9]The average
age in our patients was 67 years which is relatively young which may have contributed to lack
of observed delirium.

The major limitation of our trial is that it was conducted in a single center whereas our planned
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full trial will involve dozens of centers around the world. Our results demonstrating that
intraoperative pressure and postoperative antihypertensive management is feasible does not
mean that it will prove practical at all trial sites. Because the trial was only powered for
feasibility and pressure management, the incidence of hard outcomes (based on only ten events)
is essentially non-informative. Patients assigned to routine care had slightly lower diastolic
blood pressures, 80 versus 86 mmHg. However, this small difference seems unlikely to have
much influenced our conclusions.

Conclusion

We achieved substantial separation of intraoperative mean arterial pressures. Similarly, we
were able to control restarting antihypertensive medications per protocol — although doing so
had relatively little effect on postoperative systolic pressures. Furthermore, the requirement that
all patients have chronic hypertension resulted in relatively high intraoperative and
postoperative pressures. Consequently, we amended the protocol for the full trial to include
patients without chronic hypertension and no longer specify posotoperative antihypertensive
management. The full trial appears feasible and remains well warranted.
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Figure Legends

Figure 1. CONSORT flow diagram. Patient flow through stages of the trial.

Figure 2. Area of intraoperative MAP >85 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with the
central line representing the median; whiskers extend to 1.5 times the interquartile range from
the edges of the box; data beyond the whiskers are outliers and plotted individually.

Figure 3. Area of intraoperative MAP <65 mmHg by blood pressure management group. The
lower and upper edges of the box correspond to 25th and 75th percentile respectively, with the
central line representing the median; whiskers extend to 1.5 times the interquartile range from
the edges of the box; data beyond the whiskers are outliers and plotted individually.
Supplemental Figure 1. Time spent below 65 mmHg by blood pressure management group.
Patients who never went below 65mmHg not shown.

Supplemental Figure 2. Cumulative lowest intraoperative MAP sustained for 10 minutes by
treatment group. The lower and upper edges of the box correspond to 25th and 75th percentile
respectively, with the central line representing the median; whiskers extend to 1.5 times the
interquartile range from the edges of the box; all data points are plotted individually and
superimposed on the boxplot.

Supplemental Figure 3. Mean of lowest 3 postoperative systolic blood pressure measurements
by treatment group. The lower and upper edges of the box correspond to 25th and 75th
percentile respectively, with the central line representing the median; whiskers extend to 1.5
times the interquartile range from the edges of the box; all data points are plotted individually
and superimposed on the boxplot.
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Summary

We are planing to propose a robust international randomized trial in 6,254 patients to test the
primary hypothesis that perioperative tight blood pressure management reduces a composite of major
perfusion-related complications (myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute
kidney injury, deep or organ-space infection, sepsis, and death) in the 30 days after major non-
cardiac surgery.

o
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluates
feasibility, especially the ability to target blood pressure per protocol. The pilot trial of 80 cases will be%
designed to inform a future pivotal trial by considering two co-primary feasibility hypotheses. First that2
there is suitable separation of intraoperative and postoperative blood pressure across two bloods
pressure management strategies (intraoperative MAP maintained 285 mmHg and postoperative tight§
pressure control versus routine care with some hypotension expected). And second, that restartingz:
routine antihypertensive medications per protocol is feasible (restart delayed until the third=
postoperative day versus immediate restart). We also consider the exploratory efficacy hypothesisz
that perfusion-related complications and delirium are reduced by tight perioperative blood pressureg:
control.
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Introduction

When patients having major surgery reach the post-anaesthesia care unit, families naturally
assume that they have survived the most dangerous part of the perioperative experience. Their
assumption is wrong. Mortality in the 30 days after surgery is 1,000 times higher than intraoperative
mortality.”? In fact, if the month after surgery were considered a disease, it would be the third leading
cause of death in the United States.’ Most postoperative mortality occurs during the initial_
hospitalization, that is, under direct medical care in our highest-level facilities. The two most commong
and comparable causes of 30-day mortality after non-cardiac surgery are major bleeding which3
cannot easily be prevented, and myocardial injury which possibly can be; sepsis is a distant third.*

109

2 Aq pa

Myocardial injury after non-cardiac surgery (MINS) is defined by troponin elevation of presumablyo
ischemic origin, and is highly associated with 30-day® (Fig. 1) and one-year® mortality. Myocardlar<,
infarction (MI), per 4t Universal Definition, is defined by troponin elevation and either symptoms orz
signs of myocardial ischemia.” More than 90% of MINS and MI occur within the initial two:'
postoperative days.® Both are strongly associated with many unmodifiable baseline characterlstlcsg
including age, diabetes, and cardiovascular history. In large randomized trials (n=7,000-10,000), we3
have shown that Ml cannot be safely prevented by beta blockers,® avoiding nitrous oxide, 10
clonidine,' or aspirin.’> In a recent large trial, one patient in seven who had MINS suffered re-c
infarction within 17 postoperative months.'3
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Fig. 1. 30-day mortality as a function of postoperative 1 z
peak high-sensitivity troponin T. Mortality increases - 2
markedly from 0.1% at a troponin T concentration <5 ng/L 5.0 2
to 30% mortality when troponin T exceeds 1,000 ng/L. | Probability of u y
Data from The Vascular Events in Noncardiac Surgery 30-day°>/IortaI|ty 2.01 2
Patients Cohort Evaluation (VISION) Study Investigators: (e 1.0 n g
Association between complications and death within 30 05, - 5
days after noncardiac surgery. Can Med Assoc J 2019; 3
191: E830-E7 >
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Intraoperative hypotension is associated with MINS and MlI, with the harm threshold being a
mean arterial pressure (MAP) =65 mmHg (Fig. 2).'' The harm threshold for acute kidney injury (AKIE
is similar,’'617 and 40% of Stage 2 AKI persists or is worse 1-2 years after surgery (Turan,®
Anesthesiology, in press). We and others have also shown that postoperative hypotension is3
associated with myocardial infarction, independent of intraoperative hypotension (Fig. 3).181°
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Fig. 2. Lowest mean arterial pressure (MAP) thresholds
for myocardial injury after non-cardiac surgery. The left
graph shows the relationship between the Ilowest
cumulative absolute mean arterial pressure maintained
for 3 and 10 minutes and myocardial injury. The right
graph shows the relationship between the lowest
cumulative relative mean arterial pressure maintained for
3 and 10 minutes and myocardial injury. Both graphs are
multivariable logistic regressions adjusted for baseline
characteristics and smoothed by restricted cubic spline
with three degrees and knots at 10th, 50th, and 90th
percentiles of given exposure variable. From Salmasi, et
al: Relationship between intraoperative hypotension,
defined by either reduction from baseline or absolute
thresholds, and acute kidney and myocardial injury after
non-cardiac surgery: A retrospective cohort analysis.
Anesthesiology 2017; 126: 47-65.

Fig. 3. Odds ratios of average relative effect on the primary
composite of 30-day myocardial infarction and mortality for

three perioperative periods: intraoperative, remaining day of
surgery, and the initial four PODs of hospitalization. Cls for

multiple comparisons were adjusted by Bonferroni correction. &
Correspondingly, P < 0.017 (0.05/3) was considered to beg.
significant for the average relative effect. The circles presentd
the odds ratios, and the bars present the Cls. POD =g
postoperative day. From Sessler et al: Period- dependentc
associations between hypotension during and for four daysrr
after noncardiac surgery and a composite of myocard|al-
infarction and death: A substudy of the POISE-2 trial.of
Anesthesiology 2018; 128: 317-27
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There is currently sparse evidence that the associations are casual. But a small fragile
randomized trial (n=292) shows that preventing intraoperative hypotension reduces the risk of majors

UlulW elep pUE 1Xa) 0} paj:

complications by 25%.2° Perioperative hypotension is also associated with stroke,®2'2* althougha-
inconsistently.?> Blood pressure — specifically hypotension prevention — is therefore a modifiable>

factor that may reduce cardiovascular complications.

uluren |

Delirium is a common complication of cardiac surgery and is associated with morbidity and@
mortality.?-*2 The reported incidence of delirium after major non-cardiac surgery is typically about3
10%, and increases markedly as age increases beyond 65 years. The pathophysiology of delirium ise.
multifactorial but surely includes inadequate brain perfusion that results when mean arterial pressurei
is less than the lower limit of autoregulation.®3-3% Consistent with this theory, hypotension |s$
associated with delirium and cognitive decline,?83637 although inconsistently.?”3839 Limiteds
randomized data (n=199) indicate that hypotension causes delirium.*® Patients who have deliriumg
after surgery are far more likely than others to develop long-term cognitive impairment,*! although |tco
remains unknown whether the association is causal. Hypotension may also provoke overt or (farm
more commonly) covert strokes which is strongly linked to delirium.4?

No robust randomized trial has been published.
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Specific Aims

Mortality in the 30 days after surgery is surprisingly common, and usually occurs during the
initial hospitalization. Major bleeding and cardiovascular complications are the most common causes
of 30-day postoperative mortality. Cardiovascular complications are independently associated with
intraoperative and postoperative hypotension. Cognitive impairment, both acute delirium and long-
term, are common after major surgery. There is increasing evidence that perioperative hypotension_
may contribute to brain injury. However, there is currently only sparse and fragile randomizeds
evidence indicating that intraoperative hypotension prevention reduces cardiovascular risk and/org
cognitive impairment in non-cardiac surgical patients. We are planing to propose a robustg
international randomized trial in 6,254 patients to test the primary hypothesis that perioperative tightg
blood pressure management reduces a composite of major perfusion-related complicationsS
(myocardial injury, stroke, non-fatal cardiac arrest, Stage 2-3 acute kidney injury, deep or organ-=

Brik

space infection, sepsis, and death) in the 30 days after major non-cardiac surgery. _2
In anticipation of the full trial, we will conduct the pre-planned pilot trial designed to evaluate%
feasibility, especially the ability to target blood pressure per protocol. 3

Aims

First, we will test whether there is suitable separation of intraoperative and postoperative bloo
pressure across two blood pressure management strategies (intraoperative MAP maintaine
=85 mmHg and postoperative tight pressure control versus routine care with some hypotension
expected).

QO
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Second, that restarting routine antihypertensive medications per protocol should be feasible
(restart delayed until the third postoperative day versus immediate restart).

We also consider the exploratory efficacy hypothesis that perfusion-related complications and=.
delirium are reduced by tight perioperative blood pressure control.

Methods

pue ‘Buiuren |y ‘Bul

The trial will be conducted with IRB approval and written patient consent will be obtained.2.
There will be no restriction on sex, or ethnicity. All qualifying patients will be asked to consider the trialg
The trial is restricted to patients 245 years old because cardiovascular outcomes are rare in younger~
patients, but there is no upper age restriction. The trial will be registered on ClinicalTrial.gov beforej
enrollment.Pilot patients will be enrolled before normal enroliment.A full statistical analysis plan will beo
developed before any data are evaluated. Reporting will be consistent with the CONSORT gwdellnes S

m
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Subject selection

Consenting patients will be eligible if they are:

Scheduled for major noncardiac surgery expected to last at least 2 hours;
Having general endotracheal anesthesia;

Expected to require at least overnight hospitalization;

Are designated ASA physical status 2-4;

Chronically taking at least one anti-hypertensive medication;

Expected to have direct blood pressure monitoring with an arterial catheter;

At least 45 years old;

Cared for by clinicians willing to follow the protocol;

Subject to at least one of the following risk factors:

History of peripheral arterial surgery;

History of coronary artery disease;

History of stroke or transient ischemic attack;

Serum creatinine >175 ymal/L (>2.0 mg/dl);

Diabetes requiring medication;

Current smoking or 15 pack-year history of smoking tobacco

Scheduled for major vascular surgery

Body mass index 235 kg/m?;

Preoperative high-sensitivity troponin T >14 ng/L or troponin | equivalent
B-type natriuretic protein (BNP) >80 ng/ml or N-terminal B-type natriuretic protein (NT-
ProBNP) >200 ng/ml.

CONOORWN =

T o@mea0oT

Patients will be ineligible if they:

Are scheduled for carotid artery surgery;

Are scheduled for intracranial surgery;

Are scheduled for partial or complete nephrectomy

Are scheduled for pheochromocytoma surgery;

Are scheduled for liver transplantation;

Have a condition that precludes routine or tight blood pressure management such as surgeon
request for relative hypotension or relatively high pressure required for carotid artery surgery;
Have end-stage renal disease requiring dialysis or estimated glomerular filtration rate (eGFR)
<30 ml/min;

Have a documented history of dementia;

Have language, vision, or hearing impairments that may compromise cognitive assessments;

OO WN =
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Consenting patients who take either ACEIls or ARBs will be asked not to take the medications=
on the morning of surgery, and instead bring them with them to the hospital. Qualifying patients W|II°
be randomly allocated using computer-generated assignments 1:1 ratio without stratification in ach
block of four. Allocation will be concealed within sealed opaque envelopes until shortly beforef”
anesthesia induction. Allocation will thus remain concealed until the last practical moment.
Randomization will be implemented by clinicians in collaboration with research personnel. Arterial
catheter transducers will be positioned at the level of the right atrium, and adjusted as necessary if
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patient position is changed. A fast-flush square-wave test will be performed shortly after catheter
insertion to confirm that dynamic characteristics of the pressure monitoring system are appropriate.®

The treatments will be:1) norepinephrine infusion to maintain intraoperative MAP =285 mmHg,
delayed resumption of chronic antihypertensive medications, and a target ward systolic pressure of at
least 120 mmHg (tight pressure management); or, 2) routine intraoperative blood pressure
management and prompt resumption of chronic antihypertensive medications (routine pressure
management)

pPa13310.1d

Tight pressure management. In patients assigned to tight pressure management,
angiotensin converting enzyme inhibitors (ACEls) and angiotensin receptor blockers (ARBs) will notz
be given the morning of surgery. Clinicians will be encouraged to insert the required arterial catheterg
before anesthetic induction because much hypotension occurs shortly after anesthetic induction.*® A2
norepinephrine infusion (in the preferred local concentration) will be prepared, connected to an2
intravenous catheter, and activated at a low rate. Norepinephrine can be safely given through aZ.
central catheter or peripherally. In a recent study of 14,328 patients, there were only 5 extravasation2
events and not a single patient experienced local tissue injury.*” It can be substituted ifS
norepinephrine is contraindicated or impractical.

Buipn|ou

General anesthesia will be induced with propofol which will be given in repeated small boluses
in an effort to keep intraoperative MAP =285 mmHg. Simultaneously, the vasopressor infusion will be
adjusted with the same goal. Anesthetic dose, fluid administration, and vasopressor administration
will be adjusted with the goal of maintaining intraoperative MAP 285 mmHg.

Resumption of chronic anti-hypertensive medications will be delayed until the third
postoperative day unless deemed necessary to treat hypertension or for some other clear indication
(e.g., preventing atrial fibrillation in a chronic beta-blocker user) because >90% of MINS occurs within
48 hours after surgery. When necessary to treat hypertension, chronic antihypertensive or new
medications can be used per clinician preference. Clinicians will make what efforts they can toz.
maintain postoperative systolic pressure of at least 120 mmHg during the initial three postoperatives™
days by maintaining adequate hydration, using inotropic and chronotropic drugs, and vasopressor as:.
necessary. This protocol specifies the blood pressure target, but leaves implementation to cllnlcalq
judgement.
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Routine pressure management: In patients assigned to routine pressure management,g
ACEls and ARBs can be given the morning of surgery if deemed appropriate by the attendingz
anesthesiologist. The arterial catheter will be inserted before or after induction of anesthesia per3.
clinician preference. General anesthesia will be induced and maintained per routine. Intraoperative~
pressure management will be per routine. As usual, chronic anti-hypertensive medications will be&

restarted shortly after surgery unless contraindicated by hypotension.

!60|0uq

In both groups, other aspects of anesthetic management will be at the discretion of theg
responsible anesthesiologist, including the types and volumes of various fluids. Volatile or
intravenous anesthesia is permitted. There is increasing evidence that deep anesthesia promotes
deliium and long-term cognitive dysfunction (Evered, in review).*® Therefore, processed EEG
monitoring, such as the Bispectral Index (BIS) or Patient State Index (PSI), should be used. If BIS is

7
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the method, a value of 50 should be targeted from soon after induction until shortly before emergence.
If another EEG system is used, a comparable hypnotic depth should be targeted.

There will be no limitation on ancillary vasoactive, chronotropic, and inotropic drugs. Clinicians
will be free to use advanced hemodynamic monitoring (e.g., FlowTrac, esophageal Doppler, etc.).
Blood products will be given per routine. Similarly, postoperative analgesic management will be per
routine and clinician preference. Neuraxial and peripheral nerve blocks are permitted, but epidural
catheters should not be activated until surgery is nearly finished.

Because patients must be fairly sick to qualify for Pilot GUARDIAN, some will go to directlya
from surgery to critical care units, or much less often, become unstable and require transfer from ag
routine ward to an ICU. In either case, every effort will be to maintain randomized treatments and3

blood pressure targets. g

In all cases, good judgement will predominate. Clinicians should always act in their patients’é
best interests, irrespective of the GUARDIAN protocol. g
Measurements §
Baseline E

Baseline demographic and morphometric characteristics will be recorded, including height,
weight, and sex. Routine anesthetic variables will be recorded including volatile anesthetic partial
pressure, Fluid type and volume, estimated blood loss, and transfusions. Cardiovascular risks will be
recorded, including hypertension requiring treatment, diabetes requiring oral medications or insulin,
history of previous myocardial infarction, congestive heart failure, chronic obstructive pulmonary
disease, current smoking status, and pack-years of smoking history. Cardiovascular medications will
be similarly recorded by category, including beta blockers, angiotensin converting enzyme inhibitors,
angiotensin receptor blockers, and statins. Types of surgery will be characterized as orthopedic,
laparoscopic, open abdominal, neurosurgical (including spine), thoracic, urologic, gynecologic,
vascular, and other. Timing will be characterized as elective, urgent, or emergent.
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Baseline laboratory values (within 30 days before surgery) will be recorded on an as- avallable‘Q '
basis, including albumin, BNP, and NT-ProBNP. Baseline electrocardiogram and echocardlogramj—>
interpretations will also be recorded as available, as will hemoglobin and creatinine other thang.

specified below. §
Q

Perioperative a
Blood pressure is our primary exposure and will therefore be carefully recorded. The most%

recent pressure from a clinic assessment will be used. Our institution have electronic anesthesia
records that will automatically record systolic, mean, and diastolic pressures from the required artenal“
catheter at no less than 1-minute intervals. When possible, we will obtain electronic data which areo
efficient, denser, and more reliable than manual recording. But where necessary, intraoperative bIoodLg
pressures will be recorded manually at 5-minute intervals. Ward blood pressure will normally be?
recorded by nurses at 8-hour-intervals. Any pressures obtained for clinical purposes will be recorded
for use in the trial.Additional ward pressures might also be obtained. However, all blood pressures
during the initial three postoperative days will be retrieved and included in the trial database. We will
restrict recording to this period because >90% of postoperative myocardial injury occurs within the

8
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initial two postoperative days. High-risk patients may require ICU admission. Blood pressure is
measured frequently in critical care units, and all available pressures will be recorded.

We will require creatinine preoperatively (within 30 days), and on the initial three
postoperative days while patients remain hospitalized. Additional values obtained for clinical reasons
will be recorded during the initial 30 postoperative days. Hemoglobin will be recorded on an as-
available basis for the initial three postoperative days.

Blood for generations 4 or 5 troponin T, or troponin | will be recorded preoperatively up to
30 days before surgery, and on the first three postoperative days so long as patients remaina
hospitalized.® Additional troponin samples will also be obtained if patients have shortness of breath org
experience chest, neck, or arm pain. Blood troponin concentrations exceeding thresholds (dependingd
on individual types of troponin tests) should prompt cardiology consultation, an electrocardiogram,2
and when practical an echocardiogram.

q u/(do:)

Myocardial injury will be diagnosed by objective screening based on preoperative and firsta
three postoperative day troponin | values crossing specific thresholds for MINS so long as patlentsi.
remain hospitalized. Abnormal troponin concentrations will be evaluated as clinically indicated with2
ECG, echocardiography, and clinical symptoms; the resulting values will be recorded, as will others:
cardiovascular interventions such as angioplasty. MINS will be diagnosed by troponin exceeding2,
thresholds apparently of ischemic origin (e.g., no other obvious cause for artifactual elevation).= S
Myocardial infarction will also be centrally adjudicated and require both MINS and at least one
symptom (e.g., chest pain or shortness of breath) or sign (e.g. ECG or echocardiogram abnormality).

We will consider all patients who had an elevated serum troponin concentration anytime during
the first 30 days after surgery and determine the presence of any ischemic features (i.e., whethe
patients fulfilled the universal definition of myocardial infarction),® whether there was a non-ischemic
etiology that could explain the elevated troponin measurement, and whether the myocardial inju
appears to have occurred during or after surgery (i.e., no evidence to support it was due to
preoperative event).
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Myocardial injury after non-cardiac surgery will be defined as having values exceeding Iocal
99" percentile for troponin |. Patients meeting diagnostic criteria for MINS will be evaluated for;>
myocardial infarction with an electrocardiogram, echocardiogram (when possible), and a cardlac~
consultation. Non-fatal cardiac arrest and mortality will be determined from case-reports and medlcaI:sj
records. Strokes will be detected based on clinical symptoms, and require radiographic evidencea
consistent with new-onset cerebral ischemic or hemorrhagic injury.

IS pue

Delirium will be assessed 7-10 AM and 5-8 PM for the initial four postoperative days while2.
patients remain hospitalized because this approach will detect nearly all postoperative deIiriumE
(Fig. 4). Delirium will not be evaluated the evening after surgery because confusion might result from§
residual anesthetic effects. We will use the 3D-CAM which is based on a three-minute questionnaire,3
and has a sensitivity of 95% (95% Cl, 84, 99), and specificity of 94% (Cl: 90, 97) compared withg
formal psychometric evaluation.®" The test works well in patients with dementia.>' CAM-ICU, which isg
also well validated, will be substituted when patients are intubated.?? Delirium will be assessed by
investigators trained in the methods. Any positive CAM test will be considered evidence of delirium
which will analyzed dichotomously.
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Fig. 4. Detection of delirium with CAM-ICU as a 10
function of assessment times over postoperative
days 1-5. Nearly all delirium was detected with twice
daily assessments for the initial four postoperative 5
days. From Hamadnalla, et al, in review.
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Acute kidney injury. Postoperative Acute Kidney Injury will be defined by Kidney Disease Improvings
Global Guidelines (KDIGO) Clinical Practice Guidelines.110 By convention in perioperative studies,%
urine output will not be considered since it is rarely available.111 Specifically, patients will beZ
considered to have Stage 1 acute kidney injury (risk) if the postoperative serum creatinine increases=
at 1.5-1.9-fold or by more than 0.3 mg/dl (226.5 umol/L) within a 48-hour period. Stage 2 will bez
defined by a 2.0-2.9-fold increase in creatinine, and Stage 3 will be defined by a 3-fold increase in5
creatinine or an increase from baseline by 24 mg/dl (=353.6 pmol/L) or initiation of renal replacement‘;
therapy.We will compare the preoperative creatinine concentration closest to surgery to the highest“
postoperative concentration measured within 7 days. Only Stages 2 and 3 will be considered for thed
primary perioperative composite.

Outcomes and clinically meaningful differences

The first co-primary feasibility outcomes are the fraction of time when intraoperative
MAP >85 mmHg, intraoperative area of MAP >85 mmHg, and intraoperative area of MAP <65 mmHg.
The area of MAP below (above) a threshold refers to the cumulative sum of areas for the MAP-time
curve below (above) the specified threshold.

p IOUB 1X3] 0] pajle|al sas

The second co-primary feasibility outcome is postoperative blood pressure management
characterized by the time routine antihypertensive medications restarted after surgery.

‘6UIUIUJ ele
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The secondary feasibility outcome measures are time-weighted average (TWA)2
intraoperative MAP, cumulative minimum MAP for 10 minutes, average postoperative systolic bIoo =]
pressure (SBP), and mean of the lowest 3 postoperative SBPs.

‘D

The exploratory efficacy outcome measures are: 1) perfusion-related complications withing
30 days of surgery; and 2) postoperative delirium within the first 4 postoperative days.

uyoa) Jejiwis pue

Adverse Events

A serious adverse event (SAE) is defined as any untoward medical occurrence that at any—
dose: is life-threatening; or requires inpatient hospitalization or prolongation of existing hospitalization;3
or results in persistent or significant disability/incapacity; or is a congenital anomaly/birth defect; or isf”
a medically important event.

Suspected unexpected serious adverse reactions (SUSARSs) are events that meet the following
criteria: 1) suspected to be causally associated with blood pressure management, anesthetic
induction agent, or vasopressor; 2) unexpected if the nature, severity, or outcome of the reaction(s) is

10
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not consistent with the reference information (i.e., product monograph for trial drugs); 3) serious (as g

; defined above for an SAE); and 4) not a defined efficacy. 3
3 Efficacy and safety outcomes will be recorded separately and not as SAEs, except if, because =
4 of the course or severity or any other feature of such events, the investigator, according to his/her &
5 best medical judgment, considers these events as exceptional in this medical condition. g
6 Hospitalizations, which were planned before inclusion in the study (e.g., elective or scheduled Z
% surgery or other interventions), will not be regarded as SAEs. This pertains also to hospitalizations §
g which are part of the normal treatment or monitoring of the studied disease or another disease g
10 Present before inclusion in the study (e.g., patient returning to the hospital for chemotherapy), and_U 5
11 Which did not result in a worsening of the disease. s B
12 All SAEs need to be reported within 48 hours of knowledge of the event to the Project Office.d 2
13 For such events, research personnel will complete an SAE CRF in the database. The Project Officed (_f
14 will then inform regulatory authorities in a timely manner, as necessary, according to the applicableZ ¢
15 regulations. S 3
1? The DMC will provide oversight of patients’ safety throughout the trial by reviewing aggregateé. E
1g  data (including all reported study outcome events and SAEs) by treatment group at regular intervalsz g
19 throughout the duration of the trial and as defined in the DMC Charter. 5 Q
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Data Analysis

Primary, secondary, and exploratory outcomes will be analyzed on a modified intent-to-treat
basis by randomized group assignments. Specifically, we will include all randomized patients who
have surgery, even if the operation is changed to one that would not otherwise qualify for Pilot
GUARDIAN.

Balance on baseline characteristics will be assessed using absolute standardized difference
(ASD), which is defined as the absolute difference in means, ranks, or proportions divided by ’[heTJ
pooled standard deviation. Groups are considered to be imbalanced with respect to a baselines
characteristic when ASD exceeded 0.44 [1.96*sqrt(1/n4 + 1/n2)].

We primarily evaluate the effect of tight blood pressure control on the fraction of time when<

:) AQ pa12910

intraoperative MAP exceeded 85 mmHg using a t-test. Wilcoxon rank-sum tests will be used toS
evaluate the effect of tight perioperative BP control on intraoperative area of MAP >85 mmHg,E.
intraoperative area of MAP <65 mmHg, and time to restart routine antihypertensive medications after=

surgery.

Sample Size Considerations

The study will enroll 40 patients in each treatment group. Design analysis for the study will be

done after data collection but before we conducted the analysis.

The fraction of time spent above 85 mmHg is assumed to be distributed as Beta (5, 5) an
with the above sample size, the confidence interval half-width for estimating the mean would be 0.0
which is deemed to be sufficiently precise. The beta distribution is appropriate as the outcome is
restricted to the closed interval between 0 and 1. The observed confidence interval widths are 0.01.

Schedule of Procedures

BP

Baseline(<30d) Y

DOS

POD1

POD2

POD3

POD4

Ward request
Discharged
POD30-35

1.

2.

European Society of A: Mortality after surgery in Europe: a 7 day cohort study. Lancet 2012; 380: 1059-65

IBP+MAP285/1BP
¥
¥
¥

¥

Li G, Warner M, Lang BH, Huang L, Sun LS: Epidemiology of anesthesia-related mortality in the United=
States, 1999-2005. Anesthesiology 2009; 110: 759-65

anti-HP medicine Creatinine Troponin I+ECG(Positive) 3D-CAM/ICU-CAM Perfusion-related complications Mortality
Y Y

P=ar=- A=t

¥/
Y/D
Y/
Y
Y
Y

¥
v
-

v

Y
v
v

References

Twice
Twice
Twice
Twice

d
5

Buipnjoul

!uJ BlEp pUR 1X3] 0] Pare|al sasn 4o}

'39%0|0uq091 Iejiwis pue ‘Buturen) |y ‘6u!u

Pearse RM, Moreno RP, Bauer P, Pelosi P, Metnitz P, Spies C, Vallet B, Vincent JL, Hoeft A, Rhodes A,
European Surgical Outcomes Study group for the Trials groups of the European Society of Intensive Care M, the

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 36 of 43

* (s3gv) Jnauadns juswaublasug
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING


http://bmjopen.bmj.com/

Page 37 of 43 BMJ Open

oNOYTULT D WN =

3. Bartels K, Karhausen J, Clambey ET, Grenz A, Eltzschig HK: Perioperative organ injury. Anesthesiology
2013; 119: 1474-89

4, Devereaux PJ, Sessler DI: Cardiac complications in patients undergoing major noncardiac surgery. N Engl
J Med 2015; 373: 2258-69

5. The Vascular Events in Noncardiac Surgery Patients Cohort Evaluation (VISION) Study Investigators:
Association between complications and death within 30 days after noncardiac surgery. Can Med Assoc J 2019; 191:
E830-E7

6. Beattie WS, Wijeysundera DN, Chan MTV, Peyton PJ, Leslie K, Paech MJ, Sessler DI, Wallace S, Myles PS,
Galagher W, Farrington C, Ditoro A, Baulch S, Sidiropoulos S, Bulach R, Bryant D, O'Loughlin E, Mitteregger V, Bolsin S,
Osborne C, McRae R, Backstrom M, Cotter R, March S, Silbert B, Said S, Halliwell R, Cope J, Fahlbusch D, Crump D,a'?
Thompson G, Jefferies A, Reeves M, Buckley N, Tidy T, Schricker T, Lattermann R, lannuzzi D, Carroll J, Jacka M, Bryden C,§
Badner N, Tsang MWY, Cheng BCP, Fong ACM, Chu LCY, Koo EGY, Mohd N, Ming LE, Campbell D, McAllister D, Walker S,g
Olliff S, Kennedy R, Eldawlatly A, Alzahrani T, Chua N, Sneyd R, McMillan H, Parkinson |, Brennan A, Balaji P, Nightingale g
Kunst G, Dickinson M, Subramaniam B, Banner-Godspeed V, Liu J, Kurz A, Hesler B, Fu AY, Egan C, Fiffick AN, Hutchersong
MT, Turan A, Naylor A, Obal D, Cooke E, Anzca Clinical Trials Network for the ENIGMA-II Investigators: Implication off_%
major adverse postoperative events and myocardial injury on disability and survival: A planned subanalysis of theg

ENIGMA-II trial. Anesth Analg 2018; 127: 1118-26 %
7. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD: Fourth Universal Definitiona
of Myocardial Infarction (2018). J Am Coll Cardiol 2018 S
8. Writing Committee for the Vision Study Investigators, Devereaux PJ, Biccard BM, Sigamani A, Xavier Dé

Chan MTV, Srinathan SK, Walsh M, Abraham V, Pearse R, Wang CY, Sessler DI, Kurz A, Szczeklik W, Berwanger O, ViIIarJC°
Malaga G, Garg AX, Chow CK, Ackland G, Patel A, Borges FK, Belley-Cote EP, Duceppe E, Spence J, Tandon V, Williams C,&
Sapsford RJ, Polanczyk CA, Tiboni M, Alonso-Coello P, Faruqui A, Heels-Ansdell D, Lamy A, Whitlock R, LeManach Y,
Roshanov PS, McGillion M, Kavsak P, McQueen MJ, Thabane L, Rodseth RN, Buse GAL, Bhandari M, Garutti |, Jacka MJ,
Schunemann HJ, Cortes OL, Coriat P, Dvirnik N, Botto F, Pettit S, Jaffe AS, Guyatt GH: Association of postoperative high-
sensitivity troponin levels with myocardial injury and 30-day mortality among patients undergoing noncardiac surgery.
JAMA 2017; 317: 1642-51

9. Devereaux PJ, Yang H, Yusuf S, Guyatt G, Leslie K, Villar JC, Xavier D, Chrolavicius S, Greenspan L, Pogue
Pais P, Liu L, Xu S, Malaga G, Avezum A, Chan M, Montori VM, Jacka M, Choi P: Effects of extended-release metoprolo
succinate in patients undergoing non-cardiac surgery (POISE trial): a randomised controlled trial. Lancet 2008; 371:
1839-47

10. Myles PS, Leslie K, Chan MT, Forbes A, Peyton PJ, Paech MJ, Beattie WS, Sessler DI, Devereaux PJ, Sllbert
B, Schricker T, Wallace S, Anzca Trials Group for the ENIGMA-II investigators: The safety of addition of nitrous oxide to-
general anaesthesia in at-risk patients having major non-cardiac surgery (ENIGMA-II): a randomised, single-blind trial.
Lancet 2014; 384: 1446-54

11. Devereaux PJ, Sessler DI, Leslie K, Kurz A, Mrkobrada M, Alonso-Coello P, Villar JC, Sigamani A, Biccard=
BM, Meyhoff CS, Parlow JL, Guyatt G, Robinson A, Garg AX, Rodseth RN, Botto F, Lurati Buse G, Xavier D, Chan MT,'g,
Tiboni M, Cook D, Kumar PA, Forget P, Malaga G, Fleischmann E, Amir M, Eikelboom J, Mizera R, Torres D, Wang CY, CL
Vanhelder T, Paniagua P, Berwanger O, Srinathan S, Graham M, Pasin L, Le Manach Y, Gao P, Pogue J, Whitlock R, Lamyg'
A, Kearon C, Chow C, Pettit S, Chrolavicius S, Yusuf S, Poise-2 Investigators: Clonidine in patients undergoing noncardlacgg'
surgery. N Engl J Med 2014; 370: 1504-13

12. Devereaux PJ, Mrkobrada M, Sessler DI, Leslie K, Alonso-Coello P, Kurz A, Villar JC, Sigamani A, Biccard3
BM, Meyhoff CS, Parlow JL, Guyatt G, Robinson A, Garg AX, Rodseth RN, Botto F, Lurati Buse G, Xavier D, Chan MT,%
Tiboni M, Cook D, Kumar PA, Forget P, Malaga G, Fleischmann E, Amir M, Eikelboom J, Mizera R, Torres D, Wang CY,‘?I>
VanHelder T, Paniagua P, Berwanger O, Srinathan S, Graham M, Pasin L, Le Manach Y, Gao P, Pogue J, Whitlock R, Lamysn
A, Kearon C, Baigent C, Chow C, Pettit S, Chrolavicius S, Yusuf S, Poise-2 Investigators: Aspirin in patients undergoing
noncardiac surgery. N Engl J Med 2014; 370: 1494-503

13. Devereaux PJ, Duceppe E, Guyatt G, Tandon V, Rodseth R, Biccard BM, Xavier D, Szczeklik W, Meyhoff CS,
Vincent J, Franzosi MG, Srinathan SK, Erb J, Magloire P, Neary J, Rao M, Rahate PV, Chaudhry NK, Mayosi B, de Nadal M,

—

uluiw ElEp pue 1x8} 01 p61‘9|6.l sas

" (s3gv) Jnauadng 1uewau6|esu5
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING

i)

Bulures) |v

291

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 38 of 43

Iglesias PP, Berwanger O, Villar JC, Botto F, Eikelboom JW, Sessler DI, Kearon C, Pettit S, Sharma M, Connolly SJ,
Bangdiwala SI, Rao-Melacini P, Hoeft A, Yusuf S, Investigators M: Dabigatran in patients with myocardial injury after non-
cardiac surgery (MANAGE): an international, randomised, placebo-controlled trial. Lancet 2018; 391: 2325-34

14. Salmasi V, Maheshwari K, Yang D, Mascha EJ, Singh A, Sessler DI, Kurz A: Relationship between
intraoperative hypotension, defined by either reduction from baseline or absolute thresholds, and acute kidney and
myocardial injury after noncardiac surgery: A retrospective cohort analysis. Anesthesiology 2017; 126: 47-65

15. Mascha EJ, Yang D, Weiss S, Sessler DI: Intraoperative mean arterial pressure variability and 30-day
mortality in patients having noncardiac surgery. Anesthesiology 2015; 123: 79-91
16. Walsh M, Garg AX, Devereaux PJ, Argalious M, Honar H, Sessler DI: The association between

perioperative hemoglobin and acute kidney injury in patients having noncardiac surgery. Anesth Analg 2013; 117: 924-
31

17. Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, Cywinski J, Thabane L, Sessler DI:
Relationship between intraoperative mean arterial pressure and clinical outcomes after noncardiac surgery: Toward an
empirical definition of hypotension. Anesthesiology 2013; 119: 507-15

18. Sessler DI, Meyhoff CS, Zimmerman NM, Mao G, Leslie K, Vasquez SM, Balaji P, Alvarez-Garcia J
Cavalcanti AB, Parlow JL, Rahate PV, Seeberger MD, Gossetti B, Walker SA, Premchand RK, Dahl RM, Duceppe E, Rodset
R, Botto F, Devereaux PJ: Period-dependent associations between hypotension during and for four days after noncardiac
surgery and a composite of myocardial infarction and death: A substudy of the POISE-2 trial. Anesthesiology 2018; 128:
317-27

19. Liem VGB, Hoeks SE, Mol K, Potters JW, Grune F, Stolker RJ, van Lier F: Postoperative hypotension afte
noncardiac surgery and the association with myocardial injury. Anesthesiology 2020; 133: 510-22

20. Futier E, Lefrant JY, Guinot PG, Godet T, Lorne E, Cuvillon P, Bertran S, Leone M, Pastene B, Piriou
Molliex S, Albanese J, Julia JM, Tavernier B, Imhoff E, Bazin JE, Constantin JM, Pereira B, Jaber S: Effect of individualize
vs standard blood pressure management strategies on postoperative organ dysfunction among high-risk patients
undergoing major surgery: A randomized clinical trial. JAMA 2017; 318: 1346-57

21. Bijker JB, Gelb AW: Review article: The role of hypotension in perioperative stroke. Can J Anaesth 2013;
60: 159-67

22. Bijker JB, Persoon S, Peelen LM, Moons KG, Kalkman CJ, Kappelle LJ, van Klei WA: Intraoperative
hypotension and perioperative ischemic stroke after general surgery: A nested case-control study. Anesthesiology 2012;
116: 658-64

23. Roshanov PS, Rochwerg B, Patel A, Salehian O, Duceppe E, Belley-Cote EP, Guyatt GH, Sessler DI, Le3
Manach Y, Borges FK, Tandon V, Worster A, Thompson A, Koshy M, Devereaux B, Spencer FA, Sanders RD, Sloan EN,=

Adoo /(q pa19910id

%u

Buipnjsui iy
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING

<

UlulW eYep pue 1xa] 0} paje|al sasn 1oy
- (s3gv) 1nauadns juswaublasug

’

o

Morley EE, Paul J, Raymer KE, Punthakee Z, Devereaux PJ: Withholding versus continuing angiotensin-converting enzym i
inhibitors or angiotensin Il receptor blockers before noncardiac surgery: An analysis of the vascular events in noncardlacg
surgery patients cohort evaluation prospective cohort. Anesthesiology 2017; 126: 16-27 2
24. Sun LY, Chung AM, Farkouh ME, van Diepen S, Weinberger J, Bourke M, Ruel M: Defining ang
intraoperative hypotension threshold in association with stroke in cardiac surgery. Anesthesiology 2018; 129: 440-7 '%
25. Hsieh JK, Dalton JE, Yang D, Farag ES, Sessler DI, Kurz AM: The association between mild intraoperativeg
hypotension and stroke in general surgery patients. Anesth Analg 2016; 123: 933-9 =
26. Hakim SM, Othman Al, Naoum DO: Early treatment with risperidone for subsyndromal delirium after on- ET
pump cardiac surgery in the elderly: a randomized trial. Anesthesiology 2012; 116: 987-97 T

27. Hirsch J, DePalma G, Tsai TT, Sands LP, Leung JM: Impact of intraoperative hypotension and blood3
pressure fluctuations on early postoperative delirium after non-cardiac surgerydaggerdouble dagger. Br J Anaesth 2015;5
115:418-26

28. Hori D, Brown C, Ono M, Rappold T, Sieber F, Gottschalk A, Neufeld KJ, Gottesman R, Adachi H, Hogue®
CW: Arterial pressure above the upper cerebral autoregulation limit during cardiopulmonary bypass is associated with
postoperative delirium. Br J Anaesth 2014; 113: 1009-17

29. Maldonado JR, Wysong A, van der Starre PJ, Block T, Miller C, Reitz BA: Dexmedetomidine and the
reduction of postoperative delirium after cardiac surgery. Psychosomatics 2009; 50: 206-17

OU

sa!ﬁ

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 39 of 43 BMJ Open

oNOYTULT D WN =

30. Royse CF, Saager L, Whitlock R, Ou-Young J, Royse A, Vincent J, Devereaux PJ, Kurz A, Awais A,
Panjasawatwong K, Sessler DI: Impact of methylprednisolone on postoperative quality of recovery and delirium in the
Steroids in Cardiac Surgery Trial: a randomized, double-blind, placebo-controlled substudy. Anesthesiology 2017; 126:
223-33

31. Shehabi Y, Grant P, Wolfenden H, Hammond N, Bass F, Campbell M, Chen J: Prevalence of delirium with
dexmedetomidine compared with morphine based therapy after cardiac surgery: a randomized controlled trial
(DEXmedetomidine COmpared to Morphine-DEXCOM Study). Anesthesiology 2009; 111: 1075-84

32. Turan A, Duncan A, Leung S, Karimi N, Fang J, Mao G, Hargrave J, Gillinov M, Trombetta C, Ayad S,
Hassan M, Feider A, Howard-Quijano K, Ruetzler K, Sessler DI, Bergese S, De Oliveira G, Honar H, Niazi A, Elliott K,
Hamadnalla H, Chodavarapu P, Bajracharya G, Fitzgerald P, Cuko E, Akhtar Z, Lokhande C, Khan MZ, Khoshknabi D, Ritera'?
Q, Hutcherson M, Yagar S, Glosse L, Saha P, Raza S: Dexmedetomidine for reduction of atrial fibrillation and deliriuma@
after cardiac surgery (DECADE): a randomised placebo-controlled trial. The Lancet 2020; 396: 177-85

33. Hayhurst CJ, Pandharipande PP, Hughes CG: Intensive care unit delirium: A review of diagnosis
prevention, and treatment. Anesthesiology 2016; 125: 1229-41

34, Daiello LA, Racine AM, Yun Gou R, Marcantonio ER, Xie Z, Kunze LJ, Vlassakov KV, Inouye SK, Jones RN,S
Alsop D, Travison T, Arnold S, Cooper Z, Dickerson B, Fong T, Metzger E, Pascual-Leone A, Schmitt EM, Shafi M, CavaIIaritg
M, Dai W, Dillon ST, McElhaney J, Guttmann C, Hshieh T, Kuchel G, Libermann T, Ngo L, Press D, Saczynski J,—.
Vasunilashorn S, O'Connor M, Kimchi E, Strauss J, Wong B, Belkin M, Ayres D, Callery M, Pomposelli F, Wright J,a
Schermerhorn M, Abrantes T, Albuquerque A, Bertrand S, Brown A, Callahan A, D'Aquila M, Dowal S, Fox M, Gallagher J,a
Anna Gersten R, Hodara A, Helfand B, Inloes J, Kettell J, Kuczmarska A, Nee J, Nemeth E, Ochsner L, Palihnich K, Parisi Ké
Puelle M, Rastegar S, Vella M, Xu G, Bryan M, Guess J, Enghorn D, Gross A, Gou Y, Habtemariam D, Isaza |, Kosar C,2
Rockett C, Tommet D, Gruen T, Ross M, Tasker K, Gee J, Kolanowski A, Pisani M, de Rooij S, Rogers S, Studenski S, Stern Y5
Whittemore A, Gottlieb G, Orav J, Sperling R, Group* SS: Postoperative delirium and postoperative cognitive dysfunction
Overlap and divergence. Anesthesiology 2019; 131: 477-91

35. Pan H, Liu C, Ma X, Xu Y, Zhang M, Wang Y: Perioperative dexmedetomidine reduces delirium in elderl
patients after non-cardiac surgery: a systematic review and meta-analysis of randomized-controlled trials. Can J Anaest
2019; 66: 1489-500

36. Feng X, Hu J, Hua F, Zhang J, Zhang L, Xu G: The correlation of intraoperative hypotension and
postoperative cognitive impairment: a meta-analysis of randomized controlled trials. BMC Anesthesiol 2020; 20: 193

37. Maheshwari K, Ahuja S, Khanna AK, Mao G, Perez-Protto S, Farag E, Turan A, Kurz A, Sessler DI:
Association between perioperative hypotension and delirium in postoperative critically ill patients: A retrospective
cohort analysis. Anesth Analg 2020; 130: 636-43

38. Wesselink EM, Kappen TH, van Klei WA, Dieleman JM, van Dijk D, Slooter AJ: Intraoperative hypotension-
and delirium after on-pump cardiac surgery. Br J Anaesth 2015; 115: 427-33

39. Langer T, Santini A, Zadek F, Chiodi M, Pugni P, Cordolcini V, Bonanomi B, Rosini F, Marcucci M, Valenzag-
F, Marenghi C, Inglese S, Pesenti A, Gattinoni L: Intraoperative hypotension is not associated with postoperative3
cognitive dysfunction in elderly patients undergoing general anesthesia for surgery: results of a randomized controlled'%
pilot trial. J Clin Anesth 2019; 52: 111-8

40. Brown CHt, Neufeld KJ, Tian J, Probert J, LaFlam A, Max L, Hori D, Nomura Y, Mandal K, Brady K, Hogues
CW, and the Cerebral Autoregulation Study G, Shah A, Zehr K, Cameron D, Conte J, Bienvenu OJ, Gottesman R,gtf
Yamaguchi A, Kraut M: Effect of targeting mean arterial pressure during cardiopulmonary bypass by monitoring cerebral§
autoregulation on postsurgical delirium among older patients: A nested randomized clinical trial. JAMA Surg 2019 =

41. Brown CHt, Probert J, Healy R, Parish M, Nomura Y, Yamaguchi A, Tian J, Zehr K, Mandal K, Kamath V,%
Neufeld KJ, Hogue CW: Cognitive decline after delirium in patients undergoing cardiac surgery. Anesthesiology 2018; 129%-
406-16 ?

42. Mrkobrada M, Chan MTV, Cowan D, Campbell D, Wang CY, Torres D, Malaga G, Sanders RD, Sharma M,
Brown C, Sigamani A, Szczeklik W, Sharma M, Guyatt G, Smith EE, Agid R, Dmytriw AA, Spence J, Adunuri NR, Borges FK,
Short TG, Hill MD, Saad F, Copland I, Pettit S, Ibrahim Q, Bangdiwala SI, Yusuf S, Tsai S, Sahlas DJ, Mensinkai A, Sposato
LA, Hussain S, Yang S, Siegal D, Khaw A, Mandzia J, Simpson S, Raval M, Karimuddin A, Phang PT, Mok VCT, Wu WKK, Yu

o

1kdo2 Aq pa)

o<

W ejep pue 1xal 0] pale|as sas

* (s3gv) Jnauadns juswaublasug
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING

11y Buiu

sp

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 40 of 43

SCH, Gin T, Loh PS, Liew MT, Ramli N, Siow YL, Fuentes M, Ortiz-Soriano V, Waymouth E, Kumar J, Sadana D, Thomas L,
Kaczmarek B, Lindroth H, Sessler D, Apolcer S, Trombetta A, Handsor S, Dasgupta M, Murkin JM, Lee SF, Devereaux PJ:
Perioperative covert stroke in patients undergoing non-cardiac surgery (NeuroVISION): a prospective cohort study.
Lancet 2019; 394: 1022-9

43, Joshi KK, Tiru M, Chin T, Fox MT, Stefan MS: Postoperative atrial fibrillation in patients undergoing non-
cardiac non-thoracic surgery: A practical approach for the hospitalist. Hosp Pract (1995) 2015; 43: 235-44

44, Bhave PD, Goldman LE, Vittinghoff E, Maselli J, Auerbach A: Incidence, predictors, and outcomes
associated with postoperative atrial fibrillation after major noncardiac surgery. Am Heart J 2012; 164: 918-24

45, Danelich IM, Lose JM, Wright SS, Asirvatham SJ, Ballinger BA, Larson DW, Lovely JK: Practical
management of postoperative atrial fibrillation after noncardiac surgery. J Am Coll Surg 2014; 219: 831-41

46. Maheshwari K, Turan A, Mao G, Yang D, Niazi AK, Agarwal D, Sessler DI, Kurz A: The association of
hypotension during non-cardiac surgery, before and after skin incision, with postoperative acute kidney injury: a
retrospective cohort analysis. Anaesthesia 2018; 73: 1223-8

47. Pancaro C, Shah N, Pasma W, Saager L, Cassidy R, van Klei W, Kooij F, Vittali D, Hollmann MW, Kheterpa
S, Lirk P: Risk of major complications after perioperative norepinephrine infusion through peripheral intravenous lines i
a multicenter study. Anesthesia & Analgesia 2019; 131: 1060-5

48. Farag E, Makarova N, Argalious M, Cywinski JB, Benzel E, Kalfas I, Sessler DI: Vasopressor infusion during:
prone spine surgery and acute renal injury: A retrospective cohort analysis. Anesth Analg 2019; 129: 896-904

49, Tang CJ, Jin Z, Sands LP, Pleasants D, Tabatabai S, Hong Y, Leung JM: ADAPT-2: A randomized clinical trial2,
to reduce intraoperative EEG suppression in older surgical patients undergoing major noncardiac surgery. Anesth Analgfg
2020; 131:1228-36

50. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD: Third Universal Definition of
Myocardial Infarction. Circulation 2012; 126: 2020-35

51. Marcantonio ER, Ngo LH, O'Connor M, Jones RN, Crane PK, Metzger ED, Inouye SK: 3D-CAM: Derivation
and Validation of a 3-Minute Diagnostic Interview for CAM-Defined Delirium: A Cross-sectional Diagnostic Test Study.
Ann Intern Med 2014; 161: 554-61

52. Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, Truman B, Speroff T, Gautam S, Margolin R
Hart RP, Dittus R: Delirium in mechanically ventilated patients: validity and reliability of the confusion assessmen
method for the intensive care unit (CAM-ICU). Jama 2001; 286: 2703-10.

pPa133]0.1d

00 Aq

1qﬁufd

njoul

1X3] 0] pale|al sasn 10}

~

"saifojouyoal Jejiwis pue ‘Buiures) |y ‘Buiuiw eep pue

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

* (s3gv) Jnauadns juswaublasug
| op anbiydeibol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg usdolway/:dny woll pspeojumod "€20Z J8qWIBAON LT UO 82E€T/0-2202-uadolwa/9geTT 0T se paysiignd 1siiy :uado rING


http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2022-071328 on 17 November 2023. Downloaded from http://omjopen.bmj.com/ on June 12, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

S
+—
<
x
[}
()
c
[}
S
>
(®)]
S~
=
>
o
QO
©
~
[}
=
wn
~
€
(o]
Y
€
<
c
(%
Q.
o
=
IS
2
=
o
Lt
+=
<
'
>
c
(o]
2
Q
>
[
put
S
[}
[
o
S
(o]
[N

— NN TN ONO0



http://bmjopen.bmj.com/

BMJ Open: first published as 10.1136/bmjopen-2022-071328 on 17 November 2023. Downloaded from http://omjopen.bmj.com/ on June 12, 2025 at Agence Bibliographique de |
Enseignement Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

Page 42 of 43

S
+—
<
x
%)
()
=
o
S
>
(®)]
S~
=
>
o
QO
©
~
[}
=
wn
~
IS
(o]
Y
€
Q
c
(%
Q.
o
=
IS
Ke]
3
o
Lt
+=
<

For peer review only

— NN TN ONO0



http://bmjopen.bmj.com/

Page 43 of 43 BMJ Open ‘g ?Z

1 CONSORT 2010 checKlist of information to include when repofting a randomised trial*

; — -

4 Item g §° Reported

5 Section/Topic No Checklist item «% ~ on page No

? Title and abstract E §

8 1a  Identification as a randomised trial in the title o (r::% 1

9 1b  Structured summary of trial design, methods, results, and conclusions (for specific gwdingegee CONSORT for abstracts) 2-3

10 5305

11 Introduction %g N

12 Background and 2a  Scientific background and explanation of rationale %ig 4

12 objectives 2b  Specific objectives or hypotheses 5?‘% § 4
S5 =

12 Methods ;g%

17  Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio Ea”%g 4-5

18 3b  Important changes to methods after trial commencement (such as eligibility crlterla_,@/i_:trh reasons NA

19 Participants 4a  Eligibility criteria for participants a- g 5

;? 4b  Settings and locations where the data were collected § § 4

22 Interventions 5 The interventions for each group with sufficient details to allow replication, mcludm@ hcgv and when they were 5-6

23 actually administered 3 3

;;' Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, inclu g §how and when they 7-8

26 were assessed o 9

27 6b  Any changes to trial outcomes after the trial commenced, with reasons 3 ;:’\) NA

28  Sample size 7a  How sample size was determined f‘;; > 7

gg 7b  When applicable, explanation of any interim analyses and stopping guidelines % % NA

31 Randomisation: =S

32 Sequence 8a  Method used to generate the random allocation sequence < § 5

gi generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) - 7 ;’ 5

35 Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially gumbered containers), 5

36 concealment describing any steps taken to conceal the sequence until interventions were assigned %

37 mechanism g

gg Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who a §s gned participants to 5

40 interventions %

41  Blinding 11a  If done, who was blinded after assignment to interventions (for example, participants, Gare providers, those 5
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g 3
assessing outcomes) and how E% E
11b  If relevant, description of the similarity of interventions ; 5 NA
Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes % § 8
12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses E NA
Results E) Z
Participant flow (a 13a For each group, the numbers of participants who were randomly assigned, recewe@ gﬁ?nded treatment, and 8, Figure 1
diagram is strongly were analysed for the primary outcome %ég
recommended) 13b  For each group, losses and exclusions after randomisation, together with reasons 235 8
Recruitment 14a Dates defining the periods of recruitment and follow-up gg E 8
14b  Why the trial ended or was stopped 8 fé;g NA
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group g;,'g = Table 1
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis ang g\/ﬁether the analysis was 8
by original assigned groups %;2
Outcomes and 17a  For each primary and secondary outcome, results for each group, and the estimatezd%%ect size and its 8-11,Table 2,
estimation precision (such as 95% confidence interval) gvg Figure 2-S2
17b  For binary outcomes, presentation of both absolute and relative effect sizes is recotmmgnded 11
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adJustezi aﬁalyses distinguishing NA
pre-specified from exploratory g' g
Harms 19  All important harms or unintended effects in each group (for specific guidance see CONSOFQ forgarms) 11
Discussion ; 8
Limitations 20  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, %1 I?rpllmty of analyses 12-13
Generalisability 21 Generalisability (external validity, applicability) of the trial findings % 12-13
Interpretation 22  Interpretation consistent with results, balancing benefits and harms, and considerlr‘?g o&er relevant evidence 11-13
Other information § E
Registration 23  Registration number and name of trial registry Q § 3,4
Protocol 24 Where the full trial protocol can be accessed, if available ) Supplemental
g text document
Funding 25  Sources of funding and other support (such as supply of drugs), role of funders % NA
o8}
O

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifigations on all the items. If relevant, we also

(o]
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatmignts, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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