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= Editorial
IMPORTANCE Perioperative hypotension is associated with an increase in postoperative

Supplemental content
morbidity and mortality, but the appropriate management strategy remains uncertain.

OBJECTIVE To evaluate whether an individualized blood pressure management strategy
tailored to individual patient physiology could reduce postoperative organ dysfunction.

DESIGN, SETTING, AND PARTICIPANTS The Intraoperative Norepinephrine to Control Arterial
Pressure (INPRESS) study was a multicenter, randomized, parallel-group clinical trial
conducted in 9 French university and nonuniversity hospitals. Adult patients (n = 298) at
increased risk of postoperative complications with a preoperative acute kidney injury risk
index of class Ill or higher (indicating moderate to high risk of postoperative kidney injury)
undergoing major surgery lasting 2 hours or longer under general anesthesia were enrolled
from December 4, 2012, through August 28, 2016 (last follow-up, September 28, 2016).

INTERVENTIONS Individualized management strategy aimed at achieving a systolic blood
pressure (SBP) within 10% of the reference value (ie, patient's resting SBP) or standard
management strategy of treating SBP less than 80 mm Hg or lower than 40% from the
reference value during and for 4 hours following surgery.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of systemic
inflammatory response syndrome and dysfunction of at least 1 organ system of the renal,
respiratory, cardiovascular, coagulation, and neurologic systems by day 7 after surgery.
Secondary outcomes included the individual components of the primary outcome, durations
of ICU and hospital stay, adverse events, and all-cause mortality at 30 days after surgery.

RESULTS Among 298 patients who were randomized, 292 patients completed the trial

(mean [SD] age, 70 [7] years; 44 [15.1%] women) and were included in the modified
intention-to-treat analysis. The primary outcome event occurred in 56 of 147 patients (38.1%)
assigned to the individualized treatment strategy vs 75 of 145 patients (51.7%) assigned to the
standard treatment strategy (relative risk, 0.73; 95% Cl, 0.56 to 0.94; P = .02; absolute risk

difference, -14%, 95% Cl, -25% to -2%). Sixty-eight patients (46.3%) in the individualized
treatment group and 92 (63.4%) in the standard treatment group had postoperative organ
dysfunction by day 30 (adjusted hazard ratio, 0.66; 95% Cl, 0.52 to 0.84; P = .001). There
were no significant between-group differences in severe adverse events or 30-day mortality.

CONCLUSIONS AND RELEVANCE Among patients predominantly undergoing abdominal
surgery who were at increased postoperative risk, management targeting an individualized
systolic blood pressure, compared with standard management, reduced the risk of
postoperative organ dysfunction.
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he number of patients undergoing major surgery world-

wide is growing with advancements in treating disease.!

However, many patients still die or experience severe
perioperative complications.?

Hemodynamic instability is common during surgery.
There is accumulating evidence that intraoperative hypoten-
sion is associated with injury to heart, kidney, and brain and
an increased likelihood of mortality in high-risk patients.>-¢
However, intraoperative hypotension is a preventable risk
factor as arterial pressure is modifiable using intravenous flu-
ids and/or vasopressors. There is no consensus regarding
optimal blood pressure target thresholds to support perfu-
sion of critical organs during surgery. Systolic blood pressure
(SBP) less than 80 mm Hg,®” mean arterial pressure less than
60 mm Hg,* and a reduction of 30% to 50% from baseline are
common treatment thresholds used in clinical practice,”®
highlighting the lack of consensus. Current guidelines from
the American College of Cardiology and the American Heart
Association® in the setting of noncardiac surgery recommend
individualizing care for surgical patients with associated
comorbidities. In patients with preexisting hypertension, the
autoregulatory capacity of the brain and kidneys is likely
impaired,'®-!! thus rendering organs more susceptible to
ischemia at low blood pressure. Accordingly, higher blood
pressure targets tailored to individual patient physiology may
be preferable for such high-risk patients.*>#12 Consensus
guidelines in the context of critical illness have suggested
adjusting blood pressure targets to premorbid values.!> How-
ever, trial data are lacking for an individualized strategy in
the surgical setting.

This multicenter, randomized, stratified clinical trial in-
volving high-risk surgical patients sought to determine whether
a strategy of targeting individualized systolic blood pressure,
tailored to the patient’s usual value, would reduce organ dys-
function as compared with standard practice.

Methods

Study Design

This was an investigator-initiated, multicenter, stratified,
parallel-group randomized clinical trial conducted in 9
French university and nonuniversity hospitals. The trial
protocol was approved for all centers on January 5, 2011,
by the ethics committee at the Clermont-Ferrand University
Hospital. Written informed consent was obtained from each
patient before randomization and surgery. The trial protocol
and the statistical analysis plan are available in Supple-
ment 1. An independent data and safety monitoring com-
mittee oversaw the study conduct and reviewed blinded
safety data.

Study Participants

Patients were assessed for eligibility on the eve of their sur-
gery. Patients were eligible for participation if they were
aged 50 years or older, were scheduled to undergo surgery
under general anesthesia with an expected duration of 2
hours or longer, had an American Society of Anesthesiolo-
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Key Points

Question Does a strategy based on individualized blood pressure
management reduce postoperative complications among high-risk
patients undergoing major abdominal surgery?

Findings In this randomized clinical trial involving 292 patients,
most of whom underwent abdominal surgery, an individualized
management strategy of targeting a systolic blood pressure within
10% of the patient’s normal resting value, compared with standard
practice, resulted in significantly lower rates of postoperative
organ dysfunction (38.1% vs 51.7%, respectively).

Meaning Among patients undergoing abdominal surgery, an
individualized blood pressure management strategy during
surgery tailored to individual patient physiology may improve
postoperative outcomes.

gists physical status of class II or higher, had a preoperative
acute kidney injury risk index** of class III or higher, and did
not meet any exclusion criteria. The acute kidney injury risk
index ranges from I to V, with higher classes indicating a
higher risk of postoperative acute kidney injury (eAppendix
in Supplement 2). Patients were excluded if they had severe
uncontrolled hypertension (SBP =180 mm Hg or diastolic
blood pressure =110 mm Hg); had chronic kidney disease
(glomerular filtration rate <30 mL/min/1.73 m? or requiring
renal replacement therapy for end-stage renal disease); had
acute or decompensated heart failure or acute coronary syn-
drome; had preoperative sepsis or were already receiving
norepinephrine infusion; required renal vascular surgery; or
were enrolled in another study. Detailed exclusion criteria
are listed in the eAppendix in Supplement 2.

Study Interventions

Eligible patients were assigned in a 1:1 ratio to either a stan-
dard or individualized treatment strategy. The resting blood
pressure from the preoperative anesthesiology consultation
was obtained from the patient medical record and used as
the reference value. If this was unavailable, the blood pres-
sure measurement recorded by a nurse of the surgical ward
the day before surgery, while the patient was in supine posi-
tion, was used as the reference value. In the standard treat-
ment group, patients received intravenous ephedrine admin-
istered in 6-mg boluses (for a maximum dose not exceeding
60 mg), as recommended,'® for any decrease in SBP below
80 mm Hg or lower than 40% from the patient’s reference
value.” In the individualized treatment group, SBP was tar-
geted to remain within +10% of the reference value using a
continuous infusion of norepinephrine. Norepinephrine was
diluted as 2.5 mg in 250 mL of 0.9% saline. The infusion rate
of norepinephrine was adjusted according to a dedicated
table (eAppendix in Supplement 2). In both groups, lactated
Ringer solution was infused intravenously at a rate of
4 mL/kg per hour to satisfy maintenance fluid requirements.
Additional fluids were given based on a protocolized hemo-
dynamic algorithm,'®'” using 6% hydroxyethyl starch
(molecular weight of 130 kDa, substitution ratio of 0.4) in
0.9% saline administered in 250-mL boluses to achieve and
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maintain a maximal value of stroke volume (eAppendix in
Supplement 2). In the individualized treatment group, a
reduction in the norepinephrine infusion rate was recom-
mended in the case of severe bradycardia (heart rate <40
beats/min). In the standard treatment group, if SBP remained
below the target value after a maximum dose of 60 mg of
ephedrine, the use of norepinephrine was permitted as res-
cue therapy. Group assignment was not modified, and data
analysis was conducted on a modified intention-to-treat
basis. The intervention period lasted from anesthesia induc-
tion to 4 hours after completion of surgery. With the excep-
tion of the interventions described earlier, decisions regard-
ing all other aspects of patient care during and after surgery
were at the discretion of the attending physician according to
local expertise and clinical practice. To avoid extremes of
practice, invasive blood pressure measurement through a
radial catheter was required. Additional details are given in
the trial protocol in Supplement 1.

Study Outcomes

The primary outcome was a composite of systemic inflamma-
tory response syndrome'® (SIRS) and at least 1 organ system
dysfunction for the renal (defined by a risk, injury, failure, loss,
and end-stage kidney injury [RIFLE] stage of risk or higher!®),
respiratory (need for invasive or noninvasive ventilation for
respiratory failure), cardiovascular (acute cardiac failure or
myocardial ischemia or infarction), neurologic (stroke or al-
tered consciousness, defined as a Glasgow Coma Scale score
<14), and coagulation (Sequential Organ Failure Assessment
[SOFA]° subscore >2 points in the coagulation component) sys-
tems occurring by day 7 after surgery. The occurrence and se-
verity of organ dysfunctions were assessed at least once daily
and at the time of follow-up evaluation.

The prespecified secondary outcomes included the indi-
vidual components of the primary composite outcome;
changes in hemodynamic variables; the SOFA score on days 1,
2, and 7; the SIRS score?!; postoperative complications; dura-
tions of intensive care unit and hospital stay; and all-cause
mortality at 30 days after surgery. Postoperative complica-
tions within 30 days after surgery were defined as infectious
complications (sepsis, severe sepsis, and septic shock using
the 2001 International Sepsis Definitions?2), respiratory com-
plications (hypoxemia, pneumonia, need for noninvasive or
invasive mechanical ventilation for respiratory failure, acute
respiratory distress syndrome), neurologic complications
(stroke, altered consciousness), cardiovascular complications
(cardiac arrhythmia, acute heart failure, myocardial infarc-
tion), and surgical complications (anastomotic leak, surgical
site infection, reoperation). Adverse events included severe
bradycardia (ie, heart rate <40 beats/min) and major bleeding
(ie, transfusion of >4 units of red blood cells). More details of
these definitions are provided in the trial protocol in Supplement
1. Other end points not reported in this article are listed in the
eAppendix in Supplement 2.

Randomization and Blinding
Enrollment, randomization (1:1 allocation ratio), and data
collection were performed using a dedicated, secure, web-
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based system. Randomization was performed with the use
of a minimization algorithm and stratified according to
study site, urgency of surgery, and surgical site (abdominal
or nonabdominal surgery). Although the research staff mem-
bers who collected data during surgery could not be blinded
to group assignments, much attention was given to ensuring
strict blinding during the follow-up period and during data
collection. The medical team who provided care during the
postoperative period (ie, in the intensive care unit and the
surgical ward), investigators, patients, the statistician, and
the data and safety monitoring committee were unaware
of the group assignments. Outcomes were verified according
to predefined criteria by the principal investigator or desig-
nee at each site. Automated validation checks included plau-
sibility ranges and cross-checks between data fields. Further
data checks were performed centrally and through source
data verification.

Statistical Analysis

We calculated that a sample of 268 patients would provide the
trial with 95% power to detect an absolute difference of 20%
with respect to the primary outcome, at a 2-sided a level of .05,
assuming an event rate of 40% in the composite outcome in
the standard treatment group.'*-2-2%24 The choice of 20% as
expected difference in the primary outcome was based on the
effect size observed in an earlier study in high-risk surgical
patients.?* To account for potential protocol deviations and
withdrawal of consent, the recruitment target was 300 pa-
tients. An independent data and safety monitoring commit-
tee performed a blinded and planned interim analysis after en-
rollment of 50% of patients using the Lan-DeMets method to
evaluate adverse events. There was no stopping rule for effi-
cacy when considering the primary outcome. The committee
recommended that the study be continued.

All analyses were conducted before the randomization
code was broken, in line with the International Conference
on Harmonization Good Clinical Practice guidelines. All
the analyses were performed on data from the modified
intention-to-treat population, which included all randomly
assigned participants who initiated the study intervention
and did not withdraw consent for the use of their data. An
unadjusted x? test was used for the primary outcome analy-
sis. Multiple logistic mixed regression analysis was used to
identify relevant baseline covariates associated with the pri-
mary outcome, in addition to the stratification variables
(center treated as a random effect). Adjusted analyses were
performed with the use of robust Poisson generalized linear
model regression,?® including a random effect to account for
center effect, and are presented as relative risks with 95%
confidence intervals. Results for the primary outcome are
additionally reported as absolute risk reductions with 95%
confidence intervals. The Hochberg procedure was used to
adjust for multiple testing of components of the composite
primary outcome.?” A random-effects model was used to
model longitudinal differences in SBP between treatment
groups, taking into account between- and within-patient
variability, in addition to center effect. Kaplan-Meier curves
were plotted for organ dysfunction for renal, respiratory,
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Figure 1. Flow of Participants Through the Study

1494 Patients undergoing major abdominal
surgery were assessed for eligibility

1194 Excluded
45 Not willing to participate
1076 Did not meet inclusion criteria
198 Had expected duration
of surgery <2 h
55 Were aged <50y
810 Had acute kidney injury
—> risk index of <3
5 Had uncontrolled
hypertension
8 Had chronic kidney
disease

E4

42 Enrolled in another study
8 No research staff available
23 Had miscellaneous reasons

300 Agreed to participate

2 Excluded (signed consent but did
not undergo randomization)

(" 298 Randomized )

149 Randomized to receive individualized
treatment strategy
148 Received individualized treatment
as randomized
1 Did not receive treatment
as randomized (had care that was
nonadherent to the vasopressor)?

149 Randomized to receive standard
treatment strategy
145 Received standard treatment
as randomized
4 Did not receive treatment
as randomized
1 Had care that was nonadherent
to the vasopressor?
2 Did not undergo surgery®
1 Randomization in error (violation
of exclusion criteria)

v @ Two patients (1 per group) had care
149 Completed the trial ‘ ‘ 146 Completed the trial adherent to the assigned systolic
1 J blood pressure target but

147 Included in primary outcome analysis
2 Excluded (withdrew consent for
use of data)

4 Excluded

145 Included in primary outcome analysis

1 Withdrew consent for use of data

2 Did not undergo surgery®

1 Randomization in error (violation
of exclusion criteria)

nonadherent to the vasopressor;
they were included in the analysis of
the group to which they were
assigned.

®Two patients did not undergo
surgery (surgery cancelled) and did

not receive the study intervention.

cardiovascular, neurologic, and coagulation systems and T ——
compared by marginal Cox model. Follow-up time was cen- Results

sored at 30 days following surgery. The time to organ dys-

function was analyzed using a marginal Cox proportional  Study Population

hazards model with results reported as hazard ratios with
95% confidence intervals, and proportional hazard assump-
tion verified using the Schoenfeld test and plotting residuals.
As less than 5% of data were missing, handling of missing
data was not applied. We did not compensate for dropouts
caused by the withdrawal of consent or surgery cancellations
after randomization. With the exception of the components
of the composite primary outcome, no adjustment was made
for multiple comparisons; therefore, secondary outcomes
should be considered exploratory. All hypothesis tests were
2-sided, and P < .05 was considered to indicate statistical sig-
nificance. The statistical analysis was conducted using Stata
software version 13.0 (StataCorp LP).
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During the study period from December 4, 2012, through
August 28, 2016, a total of 1494 patients were screened for
eligibility, and 298 patients were ultimately enrolled and ran-
domized (Figure 1). Last follow-up was September 28, 2016.
Data on the primary outcome were available for 292 patients
(mean [SD] age, 70 [7] years; 44 [15.1%] women; 147 patients
in the individualized treatment group and 145 patients in the
standard treatment group) who completed the trial and were
included in the modified intention-to-treat analysis. Two
patients (1 per group) had care adherent with the assigned
SBP target but not with the vasopressor, and were included in
the analysis of the group to which they were assigned. The 2
groups were well balanced at baseline (Table 1; eTable 1 in
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Table 1. Baseline Characteristics of Patients

Characteristic

Individualized Treatment
(n=147)

Standard Treatment

Age
Overall, mean (SD), y
Among those aged 270y, mean (SD), y
270y, No. (%)
Male, No. (%)
Height, mean (SD), cm
Predicted body weight, mean (SD), kg?
ASA physical status class, No. (%)
1l
1
2|V
Acute kidney injury risk index class, No. (%)©
1
[\
\
Reference blood pressure, mean (SD), mm Hg®
Systolic
Diastolic
Preexisting conditions, No. (%)
Chronic arterial hypertension
Chronic heart failure
Ischemic heart disease
Renal impairment
Diabetes mellitus
Type of surgery, No. (%)
Abdominal
Nonabdominal
Urgency of surgical procedure, No. (%)
Elective
Emergency
Medication use, No. (%)
Antihypertensive
Overall

Angiotensin-converting enzyme inhibitor
or angiotensin Il receptor blocker

Medications not taken within 24 h prior to surgery
Diuretic
Antidiabetic
Serum creatinine at inclusion, mean (SD), mg/dL
Estimated GFR®
Overall, median (IQR), mL/min/1.73 m?
Among those with estimated GFR <60 mL/min/1.73 m?,
median (IQR), mL/min/1.73 m?
Estimated GFR <60 mL/min/1.73 m?, No. (%)
Digit Symbol Substitution Test score at inclusion, mean (SD)*

69.7 (7.1)
75.6 (4.3)
71 (48.3)
125 (85.0)
170.7 (7.4)
65.9 (7.8)

62 (42.2)
84 (57.1)
1(0.7)

76 (51.7)
51 (34.7)
20 (13.6)

135.4 (20.2)
75.1 (11.6)

120 (81.6)
26 (17.7)
20 (13.6)
28 (19.1)
77 (52.4)

138 (93.9)
9 (6.1)

124 (84.4)
23 (15.6)

100 (68.0)
71 (48.2)

61 (61.0)

24 (16.3)

72 (49.0)
0.93 (0.30)

8.0
(71.6-105.1)

46.1
(43.6-54.6)

20 (13.7)
30.4 (13.1)

(n = 145)
70.0(7.5) Abbreviations: ASA, American
76.1(4.8) Society of Anesthesiologists;
73 (50.3) GFR, glomerular filtration
rate; IQR, interquartile range.
123 (84.8) .
Sl conversion factor: To convert
171.3 (7.6) creatinine to micromoles per liter,
66.4 (8.1) multiply by 88.4.
2 Predicted body weight
was calculated as follows:
>4 (72) 50 +0.91 x [height in
89 (61.4) centimeters - 152.4] for men
2(1.4) and 45.5 + 0.91 x [height in
centimeters - 152.4] for women.
71 (49.0) bThe ASA physical status classification
’ is a grading system for preoperative
52 (35.9) physical health assessment of
22 (15.1) surgical patients ranging from class |
to V, with higher classes indicating
more severe systemic disease: class |
135.3 (17.1) indicates a completely healthy, fit
77.4 (12.1) patient; Il a patient with mild
systemic disease that does not limit
physical activity; Ill, a patient with
120 (82.8) severe systemic disease; IV, a patient
38 (26.2) with severe systemic disease that
is a constant threat to life; and V,
Pz amoribund patient who is not
17 (11.7) expected to live 24 hours with or
73 (50.3) without surgery. Patients with an ASA
physical status of class Il or higher
were eligible for inclusion.
1R € The acute kidney injury risk index
5(3.4) for postoperative kidney injury
is a scoring system based on 9
independent preoperative risk
122 (@) factors, with higher classes
22 (15.2) indicating a higher risk of
postoperative acute kidney injury.'*
Patients with a risk index of class Il
or higher (=4 risk factors) were
97 (66.9) eligible for participation.
72 (49.6) dThe patient's resting blood pressure
was used as the reference.
58(59.8) © The estimated GFR was calculated
20 (13.8) with the use of the 4-variable
68 (46.9) Modification of Diet in Renal
Disease equation. Three patients
0.93 (0.34) (2in the standard treatment group
and 1in the individualized treatment
87.8 group) were missing data on
(71.0-103.3) estimated GFR.
50.8 f The Digit Symbol Substitution Test
(43.8-55.6) is a standardized test that measures
17 (11.9) psychomotor speed and
293 (12.4) concentration, with higher scores

denoting better cognitive function.

Supplement 2). Overall, 240 patients (82.2%) had chronic
hypertension. Sixty-one of 100 patients (61.0%) in the indi-
vidualized treatment group and 58 of 97 patients (59.8%) in
the standard treatment group had discontinued their antihy-
pertensive medication prior to surgery. Values for reference
resting blood pressure were similar between study groups.

jama.com

Blood Pressure and Intraoperative Management

Throughout surgery, the mean (SD) SBP was 123 (25) mm Hg
in the individualized treatment group and 116 (24) mm Hg
in the standard treatment group (Figure 2; eFigure 1 and
eFigure 2 in Supplement 2); the between-group difference
was 6.5 mm Hg (95% CI, 3.8-9.2). The cumulative volume of
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Figure 2. Systolic Arterial Blood Pressure in the Individualized and Standard Treatment Groups Over the Intervention Period

250+

200+

oo
oo
o o we
.
oo

1504

100

Systolic Arterial Blood
Pressure, mm Hg

o

[ ] standard treatment
[ Individualized treatment

504 .
0 T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 End of
Time From Start of Surgery, min Intervention
No. of patients
Standard treatment 145 143 144 144 140 136 128 119 113 96 86 145
Individualized 147 144 145 145 140 133 122 113 99 82 72 147

treatment

Systolic arterial blood pressures were higher in the individualized treatment
group (P < .001 by random-effect model for the between-group comparison
across the entire study intervention). The horizontal line in the center of each
box indicates the median; bottom and top borders of the box, 25th and 75th
percentiles, respectively; whiskers, 1.5 times the interquartile range (IQR); and
circles, extreme outliers. The intervention period lasted from anesthesia

induction to 4 hours after completion of surgery. The median (IQR) duration of
surgery was 260 (170-365) minutes in the individualized treatment group and
280 (200-375) minutes in the standard treatment group. The median (IQR)
duration of the intervention period was 423 (342-550) minutes in the
individualized treatment group and 465 (390-600) minutes in the standard
treatment group.

fluids infused over the intervention period and the cardiac
index values were not significantly different between study
groups (Table 2). Six patients (4.1%) in the individualized
treatment group and 22 (15.2%) in the standard treatment
group met SBP targets throughout the intervention period
without any need for vasopressor (absolute difference, 11%;
95% CI, 4%-18%; P = .001). Thirty-eight patients (26.2%) in
the standard treatment group required rescue therapy with
norepinephrine to achieve the target SBP value because of
persistent hypotension despite receiving ephedrine (Table 2).

Outcomes

A primary composite outcome event within the first 7 days
after surgery was confirmed for 56 patients (38.1%) in the
individualized treatment group and 75 patients (51.7%) in the
standard treatment group (adjusted relative risk, 0.73; 95%
CI, 0.56 to 0.94; P = .02), for an absolute risk difference of
-14% (95% CI, —25% to —2%) (Table 3). The results of associ-
ated bivariable and multivariable analyses are provided in
eTable 2 in Supplement 2. With the exception of the study
group, none of the variables tested in the model were associ-
ated with the primary outcome.

Renal dysfunction (RIFLE stage of risk or higher) oc-
curred in 48 patients (32.7%) in the individualized treatment
group and 71 patients (49.0%) in the standard treatment group
(absolute risk difference, -16%; 95% CI, -27% to —-5%; ad-
justed relative risk, 0.70; 95% CI, 0.53 to 0.92; P = .01). Al-
tered consciousness occurred in 8 patients (5.4%) in the indi-
vidualized treatment group and 23 patients (15.9%) in the
standard treatment group (absolute risk difference, -10%; 95%
CI, -17% to -3%; adjusted relative risk, 0.34; 95% CI, 0.16 to
0.75; P = .007). There were no significant differences be-
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tween groups in the other major components of the compos-
ite primary outcome (Table 3).

Fewer patients developed sepsis during the first 30 days
after surgery in the individualized treatment group com-
pared with the standard treatment group (22 patients [15.0%]
vs 38 patients [26.2%], respectively; absolute risk difference,
-11%; 95% CI, -20% to -2%; adjusted relative risk, 0.54; 95%
CI, 0.34 to 0.86; P = .009). Sixty-eight patients (46.3%) in the
individualized treatment group and 92 (63.4%) in the stan-
dard treatment group had postoperative organ dysfunction
by day 30 (adjusted hazard ratio, 0.66; 95% CI, 0.52 to 0.84;
P =.001) (Figure 3).

The median duration of hospital stay was 12 days (inter-
quartile range [IQR], 7-19 days) in the individualized treat-
ment group and 14 days (IQR, 7-23 days) in the standard
treatment group (median difference, -2.0 days; 95% CI, -4.0
to 1.0; P = .15). The median duration of intensive care unit
stay was 7 days (IQR, 3-11 days) in the individualized treat-
ment group and 6 days (IQR, 2-14 days) in the standard treat-
ment group (median difference, 1.0 day; 95% CI, -2.0 to 4.0;
P = .51). There was no significant between-group difference
in all-cause mortality within the 30-day follow-up period or
in the rate of adverse events (Table 3).

|
Discussion

A strategy of targeting an individualized SBP, as compared
with a standard management approach, resulted in signifi-
cantly lower rates of organ dysfunction after surgery.
Patients assigned to individualized treatment had signifi-
cantly lower rates of clinically important outcomes, notably
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Table 2. Clinical Management of Patients During the Intervention Period, Including During Surgery

and for 4 Hours Following Surgery?

Variable

Individualized Treatment
(n = 147)

Standard Treatment
(n = 145) P Value

Cumulative volume of crystalloid,
median (IQR), mL

During surgery
During 4 h following surgery

Cumulative volume of colloid,
median (IQR), mL

During surgery

During 4 h following surgery
Use of blood products

Patients, No. (%)

No. of units/patient, mean (SD)
Blood loss, median (IQR), mL
Blood pressure, mean (SD), mm Hg

Systolic

Preinduction

End of intervention period
Diastolic

Preinduction

End of intervention period
Mean arterial pressure

Preinduction

End of intervention period

Cardiac index, mean (SD), mL/min/m?

Baseline
End of intervention period
Vasoactive drug not needed, No. (%)
Vasoactive drug dose during surgery®
Norepinephrine
Patients, No. (%)
Dose, mean (SD), pg/kg/min
Ephedrine
Patients, No. (%)
Dose, median (IQR), mg
Epidural analgesia, No. (%)

Duration of surgery, median (IQR), min¢

Planned location following surgery,
No. (%)

Surgical ward
High-dependency care unit®

Intensive care unit

2275 (1600-3000)

1500 (1000-2000)
750 (500-1000)
1000 (500-1500)

875 (500-1500)
500 (300-500)

39 (26.5)
2.5(1.4)
500 (200-925)

153 (25)
120 (22)

75 (14)
60 (10)

103 (17)
81 (14)

2.5 (0.6)
3.0 (0.8)
6 (4.1)

140 (95.2)
0.06 (0.14)

1(0.7)
NA
64 (44.8)
260 (170-365)

48 (32.7)
81 (55.1)
18 (12.2)

2500 (1825-3225) .09

2000 (1500-2500) <.001

600 (500-1000) .54
1000 (500-1750) .25
1000 (500-1500) 12
500 (400-1500) 43
34 (23.4) .54
2.8(1.7) .28
500 (200-837) .63
148 (27) .09
110 (19) <.001
Abbreviations: IQR, interquartile
74 (13) .61 range; NA, not applicable.
56 (9) <.001 @ Detailed data on intraoperative
procedures are given in eTable 1in
Supplement 2.
101 (17) 28 b Thirty-eight patients in the standard
75 (13) <.001 treatment group required
norepinephrine as rescue therapy
for persistent hypotension (systolic
2.5(0.7) 48 blood pressure below the target
3.1(0.8) 39 range after the maximum dose of
ephedrine was reached). Two
L 001 patients (1 per group) had care that
was nonadherent to the assigned
vasopressor regimen and were
analyzed in the group to which they
38(26.2) were allocated.

0.03 (0.03) .03 ¢ Nine patients (4 in the
individualized treatment group and
5in the standard treatment group)

122 (84.1) were missing data on use of epidural
30 (15-48) analgesia.
63 (45.0) 97 9 Duration of surgery is the time
280 (200-375) 08 between skin incision and closure of
’ the incision.
€ High-dependency care unit is a
specially staffed and equipped unit
41(28.3) providing intensive care (treatment
84 (57.9) 71 and monitoring) at an intermediate
20 (13.8) clinical level for patients who are in

a lower risk for renal dysfunction and a lower risk for altered
consciousness, than patients in the standard treatment
group. There were no significant between-group differences
for the other individual components of the composite pri-
mary outcome.

A particular feature of this trial was the use of a primary
outcome that was a composite of SIRS and organ dysfunction
with a possible synergism between the components. Postop-
erative acute kidney injury, which is mainly related to hy-
poperfusion and systemicinflammation, is associated with sep-
sis, coagulopathy, and mechanical ventilation?® and is aleading

jama.com

a critically ill or unstable condition.

cause of morbidity and mortality even in patients with nor-
mal baseline renal function.?® Early postoperative cognitive
dysfunction and confusion are common after major surgery
and are associated with prolonged recovery after surgery and
higher postoperative mortality.3%-3!

The observed effect of the individualized treatment strat-
egy in this trial was lower than the anticipated absolute risk
reduction of 20 percentage points. Although the expected rate
of organ dysfunction in this study was consistent with those
reported in surgical patients at the time the trial was de-
signed, the composite event rate was slightly higher than
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Table 3. Primary and Secondary Outcomes and Adverse Events

Individualized Standard Between-Group Unadjusted Adjusted
Treatment Treatment Absolute Difference, Relative Risk Relative Risk
Variable (n=147) (n = 145) % (95% Cl) (95% Cl) PValue (95% Cl)? P Value
Primary Outcome
n;in‘l(i/r;/bcomposite outcome, 56 (38.1) 75 (51.7) -14 (-25to -2) 0.74 (0.57 t0 0.95) .02 0.73 (0.56t0 0.94) .02
. (%
Secondary Outcomes
Complications within 7 d
SIRS
No. (%) 108 (73.5) 105 (72.4) 1(-9to11) 0.84 (0.65to 1.10) .20 1.01(0.92to 1.12) .78
SIRS score, No. (%)
2 49 (33.3) 36 (24.8) 9 (-2to0 19) 1.18(0.90t0 1.59) .29 1.19(0.89t0 1.59) .25
23 59 (40.1) 69 (47.6) -8 (-19to 4) 0.84 (0.65 to 1.10) .20 0.81(0.64 to 1.02) .07
Daily SIRS score, 1.5(1.3t01.7) 1.6 (1.4t01.7) .62 .61
mean (95% Cl)©
Acute kidney injury according
to RIFLE criteria, No. (%)¢
Risk 23 (15.7) 36 (24.8) -9 (-181t00) 0.63 (0.39to 1.00) .05 0.73(0.47 to 1.14) .17
Injury 16 (10.9) 26 (17.9) -7(-15t01) 0.61(0.34t0 1.08) .09 0.61 (0.34t0 1.08) .09
Failure 9 (6.1) 9 (6.2) 0 (-6to5) 0.99 (0.40 to 2.41) .98 0.97 (0.40t0 2.34) .95
Use of renal replacement 4(2.7) 5(3.5) 0(-5to 3) 0.79 (0.22t0 2.88) .72 0.81(0.22t02.97) .76
therapy, No. (%)
Acute heart failure, No. (%) 1(0.7) 0 1(-1to2)
Myocardial ischemia 0 1(0.7) -1(-2to1)
or infarction, No. (%)
Altered consciousness, No. (%)¢ 8 (5.4) 23 (15.9) -10 (=17 to -3) 0.34 (0.16 to 0.74)  .007 0.34 (0.16 t0 0.75) .007
Stroke, No. (%) 0 0
ﬁoagégl)ation SOFA score =2, 16 (11.0) 11 (7.6) 3(-3to 10) 1.44 (0.69t03.01) .33 1.47 (0.07 to 2.23) .07
0. (%
Hypoxemia, No. (%) 21 (14.3) 33(22.8) -8 (-17t0 0) 0.63 (0.38t0 1.03) .07 0.64 (0.40 to 1.03) .07
Pneumonia, No. (%) 4(2.7) 11 (7.6) -5(-10to 0) 0.36 (0.12 t0o 1.10) .07 0.36 (0.12to 1.10) .07
ARDS, No. (%) 7 (4.8) 7 (4.8) 0(-5to05) 0.99 (0.35t02.74) .98 0.98 (0.35t02.67) .95
Reintubation, No. (%) 10 (6.8) 15 (10.3) -4 (-10to0 3) 0.66 (0.31t01.42) .28 0.66 (0.31t0 1.42) .28
Need for noninvasive 25 (17.0) 36 (24.8) -8 (-17to 1) 0.68 (0.43t0 1.08) .10 0.71(0.45t01.11) .13
or invasive ventilation, No. (%)
SOFA score, median (IQR)"
Day 1 1(0-3) 1(0-3) 31 .36
Day 2 1(0-2) 2 (0-3) .19 21
Day 7 0 (0-1) 0(0-1) .66 .68
Sepsis, No. (%) 13 (8.8) 23 (15.9) -7 (-15t00) 0.56 (0.29 to 1.06) .07 0.55(0.29to 1.04) .07
Severe sepsis or septic shock, 13 (8.8) 13 (9.0) 0(-6to7) 0.99 (0.47 to 2.05) .97 1.01 (0.49t02.11) .97
No. (%)
Complications within 30 d
Use of renal replacement 6 (4.1) 7 (4.8) 0 (-5to4) 0.85(0.29 to 2.46) .76 0.85(0.29t0 2.48) .77
therapy, No. (%)
Pneumonia, No. (%) 6 (4.1) 16 (11.0) -7 (-13to-1) 0.37 (0.15t0 0.92) .03 0.38 (0.15t0 0.93) .03
ARDS, No. (%) 9(6.1) 8 (5.5) 1(-5to6) 1.11(0.44t02.80) .83 1.10(0.44t0 2.75) .84
Reintubation, No. (%) 16 (10.9) 20 (13.8) -3(-10to 5) 0.79 (0.43to 1.46) .45 0.79 (0.43to 1.46) .46
Need for noninvasive 28 (19.1) 40 (27.6) -9(-18to 1) 0.69 (0.45 to 1.06) .09 0.73(0.48t0 1.11) .14
or invasive ventilation, No. (%)
Sepsis, No. (%) 22 (15.0) 38 (26.2) -11(-20to -2) 0.57 (0.36 t0 0.92) .02 0.54 (0.34t0 0.86) .009
;eve(;)sepsis or septic shock, 18 (12.2) 22 (15.2) -3 (-11to 5) 0.81(0.45t0 1.44) .47 0.81 (0.46t0 1.43) .47
0. (%
Acute heart failure, No. (%) 3(2.0) 1(0.7) 1(-1to4) 2.96 (0.31 t0 28.12) .35 2.53(0.25 to 25.08) .43
Myocardial ischemia 0 1(0.7)
or infarction, No. (%)
Stroke, No. (%) 0 0
Surgical complications, No. (%)
Surgical site infection 23 (15.7) 36 (24.8) -9 (-18 to 0) 0.63 (0.39 to 1.00) .05 0.63 (0.40t0 0.98) .04
Surgical reoperation 23 (15.7) 29 (20.0) -4 (-13to 4) 0.78 (0.48t01.29) .33 0.77 (0.47 to 1.26) .30
Anastomotic leakage” 24 (16.3) 25(17.2) -1(-9to8) 0.95 (0.57 to 1.58) .83 0.92 (0.57 to 1.50) .74
Death at day 30, No. (%) 9(6.1) 8 (5.5) 1(-4to6) 1.11(0.44t02.80) .83 1.11(0.44t02.81) .82
(continued)
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Table 3. Primary and Secondary Outcomes and Adverse Events (continued)

Individualized Standard Between-Group Unadjusted Adjusted
Treatment Treatment Absolute Difference, Relative Risk Relative Risk
Variable (n = 147) (n = 145) % (95% Cl) (95% Cl) PValue (95% Cl)? P Value
Adverse Events
No. (%)
Severe bradycardia 16 (10.9) 16 (11.0) 0(-7to7) 0.99 (0.51t0 1.90) .97 0.97 (0.51t0 1.88) .94
Major bleeding’ 6 (15.4) 8 (23.5) -8(-17to 1) 0.65 (0.25t0 1.70) .38 0.68 (0.26 to 1.77) .43

Abbreviations: ARDS, acute respiratory distress syndrome; IQR, interquartile
range; RIFLE, risk, injury, failure, loss, and end-stage kidney injury;

SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ
Failure Assessment.

@ Adjustment was performed for stratification variables (study center, urgency
of surgery, and surgical site), study group, and acute kidney injury risk index.

The primary outcome was a composite of SIRS and at least 1organ system
dysfunction for the renal, respiratory, cardiovascular, coagulation, and
neurologic systems by day 7 after surgery.

€ The SIRS score (range, O [best] to 4 [worst]) assigns 1 point for each of the
following parameters: temperature higher than 38°C or lower than 36°C, white
blood cell count higher than 12 000/pL or lower than 4000/yL, heart rate
higher than 90 beats/min, and respiratory rate higher than 20 breaths/min or
Paco, less than 32 mm Hg.

9 Acute kidney injury was assessed with the use of the 5-category RIFLE
classification system. Because the loss and end-stage kidney injury categories
are defined by durations of loss of kidney function longer than 7 days, they
were not assessed as part of the complications within 7 days of surgery.

© Altered consciousness was defined as a Glasgow Coma Scale score of 14 or less
(SOFA subscore of =1 point in the neurologic component).

f Scores on the SOFA scale range from O to 4 for each organ system, with higher
scores indicating more severe organ dysfunction.

&Tracheal intubation for reoperation because of surgical complications was not
considered a reintubation.

h Anastomotic leakage of the gastrointestinal tract.

' Blood transfusion was required in 39 patients in the individualized treatment
group and 34 patients in the standard treatment group.

Figure 3. Kaplan-Meier Estimates of the Probability of Postoperative Organ Dysfunction

by Day 30 After Surgery

1.0+

HR, 0.66 (95% Cl, 0.52-0.84)
Log-rank P=.002

0.8

0.6

Organ dysfunction was assessed for
renal (risk, injury, failure, loss, and
end-stage kidney injury [RIFLE]
stage of risk or higher), respiratory
(need for invasive or noninvasive
ventilation), cardiovascular (acute
cardiac failure or myocardial ischemia
or infarction), neurologic (stroke or
altered consciousness), and

Standard treatment

0.4

0.2

Probability of Postoperative Organ Dysfunction

coagulation (Sequential Organ Failure
Assessment subscore =2 points in
the coagulation component) systems.
Data for patients who did not develop
organ dysfunction were censored at
30 days after surgery. The adjusted
hazard ratio (HR) for postoperative
organ dysfunction in the
individualized treatment group,

Individualized treatment

Time Since Randomization, d

No. at risk
Standard treatment 145 78 65 58 54
Individualized treatment 147 99 91 82 80

as compared with the standard
treatment group, was 0.66 (95% Cl,
0.52-0.84; P = .001). The median
53 follow-up duration was 30 days

79  (interquartile range, 30-30 days) in
the 2 treatment groups.

predicted.!*2* This was due, at least in part, to the inclusion
of a high-risk population; 49% of participants were aged 70
years or older, and 82% experienced chronic hypertension.
Most patients underwent abdominal surgery, which is associ-
ated with an increased risk of acute kidney injury,2° respira-
tory failure,*? sepsis, and death.?3:34

The issue of intraoperative blood pressure management
hasbeen debated for the past several years, a significant com-
ponent of the controversy being the minimal acceptable blood
pressure in anesthetized patients. The findings of this trial add
to the evidence of benefits of personalizing care, especially in
high-risk surgical patients.® To our knowledge, this is the first
study to investigate the effects of individualizing blood pres-

jama.com

sure management according to patients’ preoperative values,
and the study differs from others that either examined the re-
lationship between different blood pressure thresholds and
outcome or used predefined fixed blood pressure targets. The
recent SEPSISPAM trial found no mortality difference in pa-
tients with septic shock who underwent resuscitation target-
ing a mean arterial pressure of either 65 to 70 mm Hg or 80 to
85 mm Hg*; however, patients with chronic hypertension in
the high target group had less kidney injury.

The overall between-group difference in mean SBP in the
present trial was 6.5 mm Hg, although the possibility of larger
variations in blood pressure between measurement points can-
not be excluded. Large observational studies have suggested
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that even brief exposure to a 10-mm Hg reduction in SBP be-
low 80 mm Hg® or a 5-mm Hg reduction in mean arterial pres-
sure below 70 mm Hg is associated with adverse outcomes.*>
According to the trial protocol, hemodynamic data were sys-
tematically recorded at 10-minute intervals, but the duration
of hypotension events was not recorded. As approximately one-
quarter of patients required rescue treatment for persistent hy-
potension in the standard treatment group, the possibility of
a longer duration of hypotension cannot be excluded.

Major surgery is a significant risk factor for postoperative
sepsis. In this study, postoperative sepsis was significantly less
common in the individualized treatment group than in the
standard treatment group, which might be related to im-
proved tissue oxygenation and perfusion, thus rendering or-
gans less susceptible to infection. However, the association be-
tween the arterial pressure treatment strategy and sepsis needs
to be explored further and should be considered only as a hy-
pothesis-generating concept for future research.

Protection against hypoperfusion relies primarily on main-
taining adequate intravascular volume and organ perfusion
pressure. One strength of this trial is the use in both groups of
aprotocolized hemodynamic algorithm to guide delivery of in-
travenous fluids and maximize stroke volume. Previous trials
have suggested a lower incidence of organ dysfunction with
goal-directed hemodynamic optimization during surgery.>® In
this trial, no between-group differences were noted in the car-
diac index or in the cumulative volume of fluids. No associa-
tion was found between the fluid composition and the pri-
mary outcome event.

This study has several limitations. The use of ephedrine
as the first-line vasopressor for standard care, rather than other
vasoactive drugs such as phenylephrine, was arbitrary but sup-
ported by literature.’>3” Moreover, phenylephrine is a selec-
tive a;-adrenergic agonist with a greater risk of negative ef-
fects on cardiac output,3® in contrast to ephedrine or
norepinephrine, which have B-adrenergic activity.?”-3° Al-
though the use of norepinephrine rather than ephedrine in the

Effects of Individualized Blood Pressure Management on Postoperative Organ Dysfunction

standard treatment group might have enhanced the study de-
sign, data on the use of norepinephrine to manage arterial pres-
sure in the operating room are relatively scarce. Further-
more, the efficacy and safety of intermittent intravenous
boluses of norepinephrine, rather than continuous infusion,
to treat a decrease in blood pressure have not been exten-
sively studied. More than 80% of patients had chronic hyper-
tension, and in these individuals, organ blood flow may be-
come pressure dependent at higher blood pressure limits due
toapossible rightward shift of the organ autoregulation curves.
As discussed previously, the duration of hypotensive events
was not recorded, and substantial variations in blood pres-
sure between measurement points may have occurred. The
minimum duration of hypotension to trigger harm is unclear,
but a graded relationship between the duration of hypoten-
sion and postoperative acute kidney injury has previously been
assumed.** Generalizability to populations not included in the
trial, such as those with a lower risk of morbidity, remains to
be evaluated. Moreover, use of the resting blood pressure as
reference—which may not be available in daily care—rather than
preinduction values may represent a meaningful difference
with routine clinical practice. The intervention could not be
blinded, but the risk of bias was minimized through online ran-
domization to ensure the concealment of study group assign-
ments, the use of validated criteria for the primary outcome
that were not subject to observer bias, and health care work-
ers conducting postoperative care who were unaware of the
study assignments.

. |
Conclusions

Among patients predominantly undergoing abdominal sur-
gery who were at increased postoperative risk, management
targeting an individualized systolic blood pressure, com-
pared with standard management, reduced the risk of post-
operative organ dysfunction.

ARTICLE INFORMATION
Accepted for Publication: August 30, 2017.

Published Online: September 27, 2017.
doi:10.1001/jama.2017.14172

Author Affiliations: Département de Médecine
Périopératoire, Université Clermont Auvergne,
Centre national de la recherche scientifique,
Inserm, Centre Hospitalier Universitaire
Clermont-Ferrand, Clermont-Ferrand, France
(Futier, Godet, Bazin, Constantin); Section
d’Anesthésie and Département Anesthésie et
Réanimation, Centre Hospitalier Universitaire
Nimes, Nimes, France (Lefrant, Cuvillon, Bertran);
Département Anesthésie et Réanimation, Centre
Hospitalier Universitaire Amiens, Amiens, France

(Guinot, Lorne); Service Anesthésie et Réanimation,

Assistance Publique Hopitaux de Marseille, Hopital
Nord, Université Aix Marseille, Marseille, France
(Leone, Pastene); Service d’Anesthésie-
Réanimation, Université Claude Bernard Lyon-1,
Hospices Civils de Lyon, Centre Hospitalier Lyon
Sud, Lyon, France (Piriou, Imhoff); Département
Anesthésie-Réanimation, Centre Hospitalier

JAMA Published online September 27, 2017

Universitaire Saint-Etienne, Saint-Etienne, France
(Molliex); Service Anesthésie et Réanimation,
Assistance Publique Hopitaux de Marseille, Hopital
de la Conception, Marseille, France (Albanese);
Anesthésie et Réanimation, Clinique du Parc,
Castelnau-Le-Lez, France (Julia); Pole
Anesthésie-Réanimation, Centre Hospitalier
Universitaire Lille, Lille, France (Tavernier);
Biostatistic Unit, Centre Hospitalier Universitaire
Clermont-Ferrand, Direction de la Recherche
Clinique, Clermont-Ferrand, France (Pereira);
Département Anesthésie et Réanimation B, Centre
Hospitalier Universitaire Montpellier, Hopital
Saint-Eloi, and INSERM U-1046, Montpellier, France
(Jaber).

Author Contributions: Drs Futier and Jaber had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Futier, Lefrant, Julia, Tavernier,
Bazin, Constantin, Pereira, Jaber.

Acquisition, analysis, or interpretation of data:
Futier, Lefrant, Guinot, Godet, Lorne, Cuvillon,
Bertran, Leone, Pastene, Piriou, Molliex, Albanese,

Julia, Imhoff, Constantin, Pereira, Jaber.

Drafting of the manuscript: Futier, Cuvillon, Leone,
Tavernier, Pereira, Jaber.

Critical revision of the manuscript for important
intellectual content: Futier, Lefrant, Guinot, Godet,
Lorne, Bertran, Leone, Pastene, Piriou, Molliex,
Albanese, Julia, Tavernier, Imhoff, Bazin,
Constantin, Pereira, Jaber.

Statistical analysis: Pereira.

Obtained funding: Futier, Julia.

Administrative, technical, or material support:
Futier, Lefrant, Guinot, Godet, Cuvillon, Leone,
Piriou, Julia, Bazin, Jaber.

Supervision: Futier, Godet, Bertran, Julia,
Constantin, Jaber.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.

Dr Futier reported receiving consulting fees from
Edwards Lifesciences and Drager; lecture fees from
Dréger, GE Healthcare, Fresenius Kabi, and Fisher
and Paykel Healthcare; and travel reimbursement
from Fisher and Paykel Healthcare. Dr Leone
reported receiving personal fees from LFB and

jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Alberta User on 09/29/2017


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.14172&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.14172
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.14172

Effects of Individualized Blood Pressure Management on Postoperative Organ Dysfunction

Augettant and nonfinancial support from MSD. Dr
Julia reported being an inventor on a patent owned
by Aguettant. Dr Bazin reported receiving honoraria
for expertise from General Electric, Ambu, and MSD
and a grant from General Electric. No other
disclosures were reported.

Funding/Support: This study was funded by the
University Hospital of Clermont-Ferrand and was
supported in part by a grant from Aguettant.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication. The steering
committee designed the study, vouches for
protocol adherence, and made the decision to
submit the manuscript for publication. All drugs
used in the study were purchased from the
manufacturers, who had no role in the study.

Intraoperative Norepinephrine to Control
Arterial Pressure (INPRESS) Study Group
Investigators: The INPRESS Study Group
investigators are as follows: Steering Committee:
Emmanuel Futier, MD, PhD (principal investigator;
Hépital Estaing, Centre Hospitalier Universitaire
Clermont-Ferrand), Jean-Yves Lefrant, MD, PhD
(project scientist; Centre Hospitalier Universitaire
Nimes, I'Hopital Carémeau), Samir Jaber, MD, PhD
(project scientist; Centre Hospitalier Universitaire
Montpellier, Hopital Saint-Eloi), Jean-Michel Julia,
MD (project scientist; Clinique du Parc),
Jean-Etienne Bazin, MD, PhD (chair; Centre
Hospitalier Universitaire Clermont-Ferrand), and
Jean-Michel Constantin, MD, PhD (vice chair;
Centre Hospitalier Universitaire Clermont-Ferrand);
Scientific Committee: Emmanuel Futier, MD, PhD
(Hopital Estaing, Centre Hospitalier Universitaire
Clermont-Ferrand), Samir Jaber, MD, PhD (Centre
Hospitalier Universitaire Montpellier, Hopital
Saint-Eloi), Jean-Yves Lefrant, MD, PhD (Centre
Hospitalier Universitaire Nimes, 'Hopital
Carémeau), Marc Leone, MD, PhD (Assistance
Publique Hopitaux de Marseille, Hopital Nord),
Matthieu Biais, MD, PhD (Centre Hospitalier
Universitaire de Bordeaux, Hopital Pellegrin), and
Benoit Tavernier, MD, PhD (Centre Hospitalier
Universitaire Lille); Trial Management Committee:
Emmanuel Futier, MD, PhD, Jean-Yves Lefrant, MD,
PhD, and Samir Jaber, MD, PhD; Trial Monitoring
and Research Coordinators: Dominique Morand,
Christine Rolhion, and Justine Bourdier (Direction
de la Recherche Clinique, Centre Hospitalier
Universitaire Clermont-Ferrand); Data and Safety
Monitoring Committee: Karim Asehnoune, MD, PhD
(Nantes, France), Catherine Paugam-Burtz, MD,
PhD (Assistance Publique Hopitaux de Paris, Paris,
France), and Nicolas Molinari, PhD (biostatistician;
Montpellier, France); Statistical and Data
Coordination: Bruno Pereira, PhD; Writing
Committee: Emmanuel Futier, MD, PhD, Samir
Jaber, MD, PhD, and Jean-Michel Constantin, MD,
PhD; and INPRESS Farticipating Clinical Centers:
Hopital Estaing, Centre Hospitalier Universitaire
Clermont-Ferrand (Antoine Petit, MD, Sebastien
Christophe, MD, Marie Vignaud, MD, Oana Cherbis,
MD, Adeline Gerard, MD, and Emmanuel Futier, MD,
PhD), Hospices Civils de Lyon, Centre Hospitalier
Lyon Sud (Vincent Piriou, MD, PhD, Etienne Imhoff,
MD, Camille Parent, MD, and Aline Steghens, MD),
Assistance Publique Hopitaux de Marseille, Hopital
Nord (Marc Leone, MD, PhD, Marie-France Brunier

jama.com

Mercier, MD, Malik Haddam, MD, Ludovic
Richiardone, MD, Clement Brun, MD, and Remy
Bardin, MD), Assistance Publique Hopitaux de
Marseille, Hopital de la Conception (Jacques
Albanese, MD, PhD), Clinique du Parc (Matthieu
Ponrouch, MD, and Jean-Michel Julia, MD), Centre
Hospitalier Universitaire Saint-Etienne (Serge
Molliex, MD, PhD), Centre Hospitalier Universitaire
Nimes, I'Hopital Carémeau (Jean-Yves Lefrant, MD,
PhD, Philippe Cuvillon, MD, PhD, and Sebastien
Bertran, MD), Institut du Cancer Val d'Aurelle,
Montpellier (Gilles Leclerc, MD, and Christian
Popescu Horatiu, MD), and Centre Hospitalier
Universitaire Amiens (Emmanuel Lorne, MD, PhD,
Pierre-Gregoire Guinot, MD, PhD, Bruno de Broca,
MD, and Marc-Olivier Fischer, MD, PhD).

Additional Contributions: We thank all the
patients who participated in the study; the clinical
and research staff at all trial sites, without whose
assistance the INPRESS study would never have
been completed; and the monitors of the trial.
Dominique Morand (Direction de la Recherche
Clinique, Centre Hospitalier Universitaire
Clermont-Ferrand) coordinated the monitoring of
the trial and Mervyn Singer, MD (Bloomsbury
Institute of Intensive Care Medicine, University
College London), provided valuable advice during
the preparation of the manuscript; they received
no compensation.

REFERENCES

1. Weiser TG, Regenbogen SE, Thompson KD, et al.
An estimation of the global volume of surgery:

amodelling strategy based on available data. Lancet.

2008;372(9633):139-144.

2. Haynes AB, Weiser TG, Berry WR, et al; Safe
Surgery Saves Lives Study Group. A surgical safety
checklist to reduce morbidity and mortality in a
global population. N Engl J Med. 2009;360(5):491-
499.

3. Devereaux PJ, Sessler DI, Leslie K, et al; POISE-2
Investigators. Clonidine in patients undergoing
noncardiac surgery. N Engl J Med. 2014;370(16):
1504-1513.

4. Walsh M, Devereaux PJ, Garg AX, et al.
Relationship between intraoperative mean arterial
pressure and clinical outcomes after noncardiac
surgery: toward an empirical definition of
hypotension. Anesthesiology. 2013;119(3):507-515.

5. SunLY, Wijeysundera DN, Tait GA, Beattie WS.
Association of intraoperative hypotension with
acute kidney injury after elective noncardiac
surgery. Anesthesiology. 2015;123(3):515-523.

6. Monk TG, Bronsert MR, Henderson WG, et al.
Association between intraoperative hypotension
and hypertension and 30-day postoperative
mortality in noncardiac surgery. Anesthesiology.
2015;123(2):307-319.

7. Bijker JB, van Klei WA, Kappen TH,

van Wolfswinkel L, Moons KG, Kalkman CJ.
Incidence of intraoperative hypotension as

a function of the chosen definition: literature
definitions applied to a retrospective cohort using
automated data collection. Anesthesiology.
2007:107(2):213-220.

8. Salmasi V, Maheshwari K, Yang D, et al.
Relationship between intraoperative hypotension,
defined by either reduction from baseline or
absolute thresholds, and acute kidney and
myocardial injury after noncardiac surgery:

Original Investigation Research

a retrospective cohort analysis. Anesthesiology.
2017;126(1):47-65.

9. Fleisher LA, Fleischmann KE, Auerbach AD, et al.
2014 ACC/AHA guideline on perioperative
cardiovascular evaluation and management of
patients undergoing noncardiac surgery: a report of
the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines.
Circulation. 2014;130(24):e278-e333.

10. Palmer BF. Renal dysfunction complicating the
treatment of hypertension. N Engl J Med. 2002;347
(16):1256-1261.

11. Strandgaard S, Olesen J, Skinhoj E, Lassen NA.
Autoregulation of brain circulation in severe arterial
hypertension. Br Med J. 1973;1(5852):507-510.

12. van Waes JA, van Klei WA, Wijeysundera DN,
van Wolfswinkel L, Lindsay TF, Beattie WS.
Association between intraoperative hypotension
and myocardial injury after vascular surgery.
Anesthesiology. 2016;124(1):35-44.

13. Brochard L, Abroug F, Brenner M, et al;
ATS/ERS/ESICM/SCCM/SRLF Ad Hoc Committee on
Acute Renal Failure. An official ATS/ERS/ESICM/
SCCM/SRLF statement: prevention and
management of acute renal failure in the ICU
patient: an international consensus conference in
intensive care medicine. Am J Respir Crit Care Med.
2010;181(10):1128-1155.

14. Kheterpal S, Tremper KK, Heung M, et al.
Development and validation of an acute kidney
injury risk index for patients undergoing general
surgery: results from a national data set.
Anesthesiology. 2009;110(3):505-515.

15. Glick D. The autonomic nervous system. In:
Miller RD, ed. Miller's Anesthesia. 8th ed. Philadelphia,
PA: Elsevier; 2015:346-386.

16. Vallet B, Blanloeil Y, Cholley B, Orliaguet G,
Pierre S, Tavernier B; Société francaise d'anesthésie
et de réanimation. Guidelines for perioperative
haemodynamic optimization [in French]. Ann Fr
Anesth Reanim. 2013;32(6):454-462.

17. Vincent JL, Pelosi P, Pearse R, et al.
Perioperative cardiovascular monitoring of high-risk
patients: a consensus of 12. Crit Care. 2015;19:224.

18. Bone RC, Balk RA, Cerra FB, et al; ACCP/SCCM
Consensus Conference Committee, American
College of Chest Physicians/Society of Critical Care
Medicine. Definitions for sepsis and organ failure
and guidelines for the use of innovative therapies in
sepsis. Chest. 1992;101(6):1644-1655.

19. Bellomo R, Ronco C, Kellum JA, Mehta RL,
Palevsky P; Acute Dialysis Quality Initiative
Workgroup. Acute renal failure—definition,
outcome measures, animal models, fluid therapy
and information technology needs: the Second
International Consensus Conference of the Acute
Dialysis Quality Initiative (ADQI) Group. Crit Care.
2004;8(4):R204-R212.

20. Vincent JL, Moreno R, Takala J, et al; Working
Group on Sepsis-Related Problems, European
Society of Intensive Care Medicine. The SOFA
(Sepsis-related Organ Failure Assessment) score to
describe organ dysfunction/failure. Intensive Care
Med. 1996;22(7):707-710.

21. Talmor M, Hydo L, Barie PS. Relationship of
systemic inflammatory response syndrome to
organ dysfunction, length of stay, and mortality in
critical surgical illness: effect of intensive care unit
resuscitation. Arch Surg. 1999:134(1):81-87.

JAMA Published online September 27,2017

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Alberta User on 09/29/2017

EN


https://www.ncbi.nlm.nih.gov/pubmed/18582931
https://www.ncbi.nlm.nih.gov/pubmed/18582931
https://www.ncbi.nlm.nih.gov/pubmed/19144931
https://www.ncbi.nlm.nih.gov/pubmed/19144931
https://www.ncbi.nlm.nih.gov/pubmed/24679061
https://www.ncbi.nlm.nih.gov/pubmed/24679061
https://www.ncbi.nlm.nih.gov/pubmed/23835589
https://www.ncbi.nlm.nih.gov/pubmed/26181335
https://www.ncbi.nlm.nih.gov/pubmed/26083768
https://www.ncbi.nlm.nih.gov/pubmed/26083768
https://www.ncbi.nlm.nih.gov/pubmed/17667564
https://www.ncbi.nlm.nih.gov/pubmed/17667564
https://www.ncbi.nlm.nih.gov/pubmed/27792044
https://www.ncbi.nlm.nih.gov/pubmed/27792044
https://www.ncbi.nlm.nih.gov/pubmed/25085961
https://www.ncbi.nlm.nih.gov/pubmed/12393824
https://www.ncbi.nlm.nih.gov/pubmed/12393824
https://www.ncbi.nlm.nih.gov/pubmed/4692673
https://www.ncbi.nlm.nih.gov/pubmed/26540148
https://www.ncbi.nlm.nih.gov/pubmed/20460549
https://www.ncbi.nlm.nih.gov/pubmed/20460549
https://www.ncbi.nlm.nih.gov/pubmed/19212261
https://www.ncbi.nlm.nih.gov/pubmed/23747212
https://www.ncbi.nlm.nih.gov/pubmed/23747212
https://www.ncbi.nlm.nih.gov/pubmed/25953531
https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/15312219
https://www.ncbi.nlm.nih.gov/pubmed/8844239
https://www.ncbi.nlm.nih.gov/pubmed/8844239
https://www.ncbi.nlm.nih.gov/pubmed/9927137
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.14172

E12

Research Original Investigation

22. Levy MM, Fink MP, Marshall JC, et al;
International Sepsis Definitions Conference. 2001
SCCM/ESICM/ACCP/ATS/SIS International Sepsis
Definitions Conference. Intensive Care Med. 2003;
29(4):530-538.

23. Pittet D, Rangel-Frausto S, Li N, et al. Systemic
inflammatory response syndrome, sepsis, severe
sepsis and septic shock: incidence, morbidities and

outcomes in surgical ICU patients. Intensive Care Med.

1995;21(4):302-309.

24. Haga Y, Beppu T, Doi K, et al. Systemic
inflammatory response syndrome and organ
dysfunction following gastrointestinal surgery. Crit
Care Med.1997;25(12):1994-2000.

25. Pearse R, Dawson D, Fawcett J, Rhodes A,
Grounds RM, Bennett ED. Early goal-directed
therapy after major surgery reduces complications
and duration of hospital stay: a randomised,
controlled trial [ISRCTN38797445]. Crit Care.
2005;9(6):R687-R693.

26. Zou G. A modified Poisson regression approach
to prospective studies with binary data. Am J
Epidemiol. 2004;159(7):702-706.

27. Hochberg Y. A sharper Bonferroni procedure

for multiple tests of significance. Biometrika. 1988;
75(4):800-802. doi:10.1093/biomet/75.4.800

28. Bihorac A, Yavas S, Subbiah S, et al. Long-term
risk of mortality and acute kidney injury during
hospitalization after major surgery. Ann Surg.
2009;249(5):851-858.

JAMA Published online September 27,2017

Effects of Individualized Blood Pressure Management on Postoperative Organ Dysfunction

29. O'Connor ME, Kirwan CJ, Pearse RM, Prowle
JR. Incidence and associations of acute kidney
injury after major abdominal surgery. Intensive Care
Med. 2016;42(4):521-530.

30. Moller JT, Cluitmans P, Rasmussen LS, et al;
International Study of Post-Operative Cognitive
Dysfunction (ISPOCD) Investigators. Long-term
postoperative cognitive dysfunction in the elderly
ISPOCD1 study. Lancet. 1998;351(9106):857-861.

31. Monk TG, Weldon BC, Garvan CW, et al.
Predictors of cognitive dysfunction after major
noncardiac surgery. Anesthesiology. 2008;108(1):
18-30.

32. JaberS, Lescot T, Futier E, et al; NIVAS Study
Group. Effect of noninvasive ventilation on tracheal
reintubation among patients with hypoxemic
respiratory failure following abdominal surgery:
arandomized clinical trial. JAMA. 2016;315(13):
1345-1353.

33. Moore LJ, Moore FA, Todd SR, Jones SL,
Turner KL, Bass BL. Sepsis in general surgery: the
2005-2007 national surgical quality improvement
program perspective. Arch Surg. 2010;145(7):
695-700.

34. Wakeam E, Hyder JA, Jiang W, Lipsitz SA,
Finlayson S. Risk and patterns of secondary

complications in surgical inpatients. JAMA Surg.
2015;150(1):65-73.

35. Asfar P, Meziani F, Hamel JF, et al; SEPSISPAM
Investigators. High versus low blood-pressure
target in patients with septic shock. N Engl J Med.
2014;370(17):1583-1593.

36. Dalfino L, Giglio MT, Puntillo F, Marucci M,
Brienza N. Haemodynamic goal-directed therapy
and postoperative infections: earlier is better:

a systematic review and meta-analysis. Crit Care.
2011;15(3):R154.

37. Mets B. Should norepinephrine, rather than
phenylephrine, be considered the primary
vasopressor in anesthetic practice? Anesth Analg.
2016;122(5):1707-1714.

38. Thiele RH, Nemergut EC, Lynch CIII.

The physiologic implications of isolated alpha(T)
adrenergic stimulation. Anesth Analg. 2011;113(2):
284-296.

39. Hiltebrand LB, Koepfli E, Kimberger O,
Sigurdsson GH, Brandt S. Hypotension during
fluid-restricted abdominal surgery: effects of
norepinephrine treatment on regional and
microcirculatory blood flow in the intestinal tract.
Anesthesiology. 2011;114(3):557-564.

jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Alberta User on 09/29/2017


https://www.ncbi.nlm.nih.gov/pubmed/12664219
https://www.ncbi.nlm.nih.gov/pubmed/12664219
https://www.ncbi.nlm.nih.gov/pubmed/7650252
https://www.ncbi.nlm.nih.gov/pubmed/7650252
https://www.ncbi.nlm.nih.gov/pubmed/9403749
https://www.ncbi.nlm.nih.gov/pubmed/9403749
https://www.ncbi.nlm.nih.gov/pubmed/16356219
https://www.ncbi.nlm.nih.gov/pubmed/16356219
https://www.ncbi.nlm.nih.gov/pubmed/15033648
https://www.ncbi.nlm.nih.gov/pubmed/15033648
http://dx.doi.org/10.1093/biomet/75.4.800
https://www.ncbi.nlm.nih.gov/pubmed/19387314
https://www.ncbi.nlm.nih.gov/pubmed/19387314
https://www.ncbi.nlm.nih.gov/pubmed/26602784
https://www.ncbi.nlm.nih.gov/pubmed/26602784
https://www.ncbi.nlm.nih.gov/pubmed/9525362
https://www.ncbi.nlm.nih.gov/pubmed/18156878
https://www.ncbi.nlm.nih.gov/pubmed/18156878
https://www.ncbi.nlm.nih.gov/pubmed/26975890
https://www.ncbi.nlm.nih.gov/pubmed/26975890
https://www.ncbi.nlm.nih.gov/pubmed/20644134
https://www.ncbi.nlm.nih.gov/pubmed/20644134
https://www.ncbi.nlm.nih.gov/pubmed/25472013
https://www.ncbi.nlm.nih.gov/pubmed/25472013
https://www.ncbi.nlm.nih.gov/pubmed/24635770
https://www.ncbi.nlm.nih.gov/pubmed/24635770
https://www.ncbi.nlm.nih.gov/pubmed/21702945
https://www.ncbi.nlm.nih.gov/pubmed/21702945
https://www.ncbi.nlm.nih.gov/pubmed/27101504
https://www.ncbi.nlm.nih.gov/pubmed/27101504
https://www.ncbi.nlm.nih.gov/pubmed/21519050
https://www.ncbi.nlm.nih.gov/pubmed/21519050
https://www.ncbi.nlm.nih.gov/pubmed/21307765
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.14172

