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IMPORTANCE Perioperative hypotension is associated with an increase in postoperative
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 III 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% CI, 0.56 to 0.94; P = .02; absolute risk
difference, −14%, 95% CI, −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% CI, 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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T he number of patients undergoing major surgery world-
wide is growing with advancements in treating disease.1

However, many patients still die or experience severe
perioperative complications.2

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.3-6

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,6,7 mean arterial pressure less than
60 mm Hg,4 and a reduction of 30% to 50% from baseline are
common treatment thresholds used in clinical practice,7,8

highlighting the lack of consensus. Current guidelines from
the American College of Cardiology and the American Heart
Association9 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,10,11 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.4,5,8,12 Consensus
guidelines in the context of critical illness have suggested
adjusting blood pressure targets to premorbid values.13 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-

gists physical status of class II or higher, had a preoperative
acute kidney injury risk index14 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 m2 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,15 for any decrease in SBP below
80 mm Hg or lower than 40% from the patient’s reference
value.7 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,16,17 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

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.
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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 syndrome18 (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 higher19),
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]20 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 score21; 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 Definitions22), 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-

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 α level of .05,
assuming an event rate of 40% in the composite outcome in
the standard treatment group.14,21,23,24 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.25 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 χ2 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,26 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.27 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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cardiovascular, neurologic, and coagulation systems and
compared by marginal Cox model. Follow-up time was cen-
sored at 30 days following surgery. The time to organ dys-
function was analyzed using a marginal Cox proportional
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).

Results

Study Population
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

Figure 1. Flow of Participants Through the Study

1494 Patients undergoing major abdominal
 surgery were assessed for eligibility

300 Agreed to participate

1194 Excluded
45 Not willing to participate

1076 Did not meet inclusion criteria
198 Had expected duration

of surgery <2 h
55 Were aged  <50 y

810 Had acute kidney injury
risk index of <3

5 Had uncontrolled
hypertension

8 Had chronic kidney
disease

42 Enrolled in another study
8 No research staff available

23 Had miscellaneous reasons

2 Excluded (signed consent but did
not undergo randomization)

298 Randomized

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 a
2 Did not undergo surgery b
1 Randomization in error (violation

of exclusion criteria)

145 Included in primary outcome analysis
4 Excluded
1 Withdrew consent for use of data
2 Did not undergo surgery b
1 Randomization in error (violation

of exclusion criteria)

146 Completed the trial

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) a

147 Included in primary outcome analysis
2 Excluded (withdrew consent for

use of data)

149 Completed the trial

a Two patients (1 per group) had care
adherent to the assigned systolic
blood pressure target but
nonadherent to the vasopressor;
they were included in the analysis of
the group to which they were
assigned.

b Two patients did not undergo
surgery (surgery cancelled) and did
not receive the study intervention.
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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.

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

Table 1. Baseline Characteristics of Patients

Characteristic
Individualized Treatment
(n = 147)

Standard Treatment
(n = 145)

Age

Overall, mean (SD), y 69.7 (7.1) 70.0 (7.5)

Among those aged ≥70 y, mean (SD), y 75.6 (4.3) 76.1 (4.8)

≥70 y, No. (%) 71 (48.3) 73 (50.3)

Male, No. (%) 125 (85.0) 123 (84.8)

Height, mean (SD), cm 170.7 (7.4) 171.3 (7.6)

Predicted body weight, mean (SD), kga 65.9 (7.8) 66.4 (8.1)

ASA physical status class, No. (%)b

II 62 (42.2) 54 (37.2)

III 84 (57.1) 89 (61.4)

≥IV 1 (0.7) 2 (1.4)

Acute kidney injury risk index class, No. (%)c

III 76 (51.7) 71 (49.0)

IV 51 (34.7) 52 (35.9)

V 20 (13.6) 22 (15.1)

Reference blood pressure, mean (SD), mm Hgd

Systolic 135.4 (20.2) 135.3 (17.1)

Diastolic 75.1 (11.6) 77.4 (12.1)

Preexisting conditions, No. (%)

Chronic arterial hypertension 120 (81.6) 120 (82.8)

Chronic heart failure 26 (17.7) 38 (26.2)

Ischemic heart disease 20 (13.6) 32 (22.1)

Renal impairment 28 (19.1) 17 (11.7)

Diabetes mellitus 77 (52.4) 73 (50.3)

Type of surgery, No. (%)

Abdominal 138 (93.9) 140 (96.6)

Nonabdominal 9 (6.1) 5 (3.4)

Urgency of surgical procedure, No. (%)

Elective 124 (84.4) 123 (84.8)

Emergency 23 (15.6) 22 (15.2)

Medication use, No. (%)

Antihypertensive

Overall 100 (68.0) 97 (66.9)

Angiotensin-converting enzyme inhibitor
or angiotensin II receptor blocker

71 (48.2) 72 (49.6)

Medications not taken within 24 h prior to surgery 61 (61.0) 58 (59.8)

Diuretic 24 (16.3) 20 (13.8)

Antidiabetic 72 (49.0) 68 (46.9)

Serum creatinine at inclusion, mean (SD), mg/dL 0.93 (0.30) 0.93 (0.34)

Estimated GFRe

Overall, median (IQR), mL/min/1.73 m2 88.0
(71.6-105.1)

87.8
(71.0-103.3)

Among those with estimated GFR <60 mL/min/1.73 m2,
median (IQR), mL/min/1.73 m2

46.1
(43.6-54.6)

50.8
(43.8-55.6)

Estimated GFR <60 mL/min/1.73 m2, No. (%) 20 (13.7) 17 (11.9)

Digit Symbol Substitution Test score at inclusion, mean (SD)f 30.4 (13.1) 29.3 (12.4)

Abbreviations: ASA, American
Society of Anesthesiologists;
GFR, glomerular filtration
rate; IQR, interquartile range.
SI conversion factor: To convert
creatinine to micromoles per liter,
multiply by 88.4.
a Predicted body weight

was calculated as follows:
50 + 0.91 × [height in
centimeters − 152.4] for men
and 45.5 + 0.91 × [height in
centimeters − 152.4] for women.

b The ASA physical status classification
is a grading system for preoperative
physical health assessment of
surgical patients ranging from class I
to V, with higher classes indicating
more severe systemic disease: class I
indicates a completely healthy, fit
patient; II, a patient with mild
systemic disease that does not limit
physical activity; III, a patient with
severe systemic disease; IV, a patient
with severe systemic disease that
is a constant threat to life; and V,
a moribund patient who is not
expected to live 24 hours with or
without surgery. Patients with an ASA
physical status of class II or higher
were eligible for inclusion.

c The acute kidney injury risk index
for postoperative kidney injury
is a scoring system based on 9
independent preoperative risk
factors, with higher classes
indicating a higher risk of
postoperative acute kidney injury.14

Patients with a risk index of class III
or higher (!4 risk factors) were
eligible for participation.

d The patient’s resting blood pressure
was used as the reference.

e The estimated GFR was calculated
with the use of the 4-variable
Modification of Diet in Renal
Disease equation. Three patients
(2 in the standard treatment group
and 1 in the individualized treatment
group) were missing data on
estimated GFR.

f The Digit Symbol Substitution Test
is a standardized test that measures
psychomotor speed and
concentration, with higher scores
denoting better cognitive function.
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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-

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

Figure 2. Systolic Arterial Blood Pressure in the Individualized and Standard Treatment Groups Over the Intervention Period
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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.
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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 systemic inflammation, is associated with sep-
sis, coagulopathy, and mechanical ventilation28 and is a leading

cause of morbidity and mortality even in patients with nor-
mal baseline renal function.29 Early postoperative cognitive
dysfunction and confusion are common after major surgery
and are associated with prolonged recovery after surgery and
higher postoperative mortality.30,31

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

Table 2. Clinical Management of Patients During the Intervention Period, Including During Surgery
and for 4 Hours Following Surgerya

Variable
Individualized Treatment
(n = 147)

Standard Treatment
(n = 145) P Value

Cumulative volume of crystalloid,
median (IQR), mL

2275 (1600-3000) 2500 (1825-3225) .09

During surgery 1500 (1000-2000) 2000 (1500-2500) <.001

During 4 h following surgery 750 (500-1000) 600 (500-1000) .54

Cumulative volume of colloid,
median (IQR), mL

1000 (500-1500) 1000 (500-1750) .25

During surgery 875 (500-1500) 1000 (500-1500) .12

During 4 h following surgery 500 (300-500) 500 (400-1500) .43

Use of blood products

Patients, No. (%) 39 (26.5) 34 (23.4) .54

No. of units/patient, mean (SD) 2.5 (1.4) 2.8 (1.7) .28

Blood loss, median (IQR), mL 500 (200-925) 500 (200-837) .63

Blood pressure, mean (SD), mm Hg

Systolic

Preinduction 153 (25) 148 (27) .09

End of intervention period 120 (22) 110 (19) <.001

Diastolic

Preinduction 75 (14) 74 (13) .61

End of intervention period 60 (10) 56 (9) <.001

Mean arterial pressure

Preinduction 103 (17) 101 (17) .28

End of intervention period 81 (14) 75 (13) <.001

Cardiac index, mean (SD), mL/min/m2

Baseline 2.5 (0.6) 2.5 (0.7) .48

End of intervention period 3.0 (0.8) 3.1 (0.8) .39

Vasoactive drug not needed, No. (%) 6 (4.1) 22 (15.2) .001

Vasoactive drug dose during surgeryb

Norepinephrine

Patients, No. (%) 140 (95.2) 38 (26.2)

Dose, mean (SD), μg/kg/min 0.06 (0.14) 0.03 (0.03) .03

Ephedrine

Patients, No. (%) 1 (0.7) 122 (84.1)

Dose, median (IQR), mg NA 30 (15-48)

Epidural analgesia, No. (%)c 64 (44.8) 63 (45.0) .97

Duration of surgery, median (IQR), mind 260 (170-365) 280 (200-375) .08

Planned location following surgery,
No. (%)

Surgical ward 48 (32.7) 41 (28.3)

.71High-dependency care unite 81 (55.1) 84 (57.9)

Intensive care unit 18 (12.2) 20 (13.8)

Abbreviations: IQR, interquartile
range; NA, not applicable.
a Detailed data on intraoperative

procedures are given in eTable 1 in
Supplement 2.

b Thirty-eight patients in the standard
treatment group required
norepinephrine as rescue therapy
for persistent hypotension (systolic
blood pressure below the target
range after the maximum dose of
ephedrine was reached). Two
patients (1 per group) had care that
was nonadherent to the assigned
vasopressor regimen and were
analyzed in the group to which they
were allocated.

c Nine patients (4 in the
individualized treatment group and
5 in the standard treatment group)
were missing data on use of epidural
analgesia.

d Duration of surgery is the time
between skin incision and closure of
the incision.

e High-dependency care unit is a
specially staffed and equipped unit
providing intensive care (treatment
and monitoring) at an intermediate
clinical level for patients who are in
a critically ill or unstable condition.
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Table 3. Primary and Secondary Outcomes and Adverse Events

Variable

Individualized
Treatment
(n = 147)

Standard
Treatment
(n = 145)

Between-Group
Absolute Difference,
% (95% CI)

Unadjusted
Relative Risk
(95% CI) P Value

Adjusted
Relative Risk
(95% CI)a P Value

Primary Outcome
Primary composite outcome,
No. (%)b

56 (38.1) 75 (51.7) −14 (−25 to −2) 0.74 (0.57 to 0.95) .02 0.73 (0.56 to 0.94) .02

Secondary Outcomes
Complications within 7 d

SIRS
No. (%) 108 (73.5) 105 (72.4) 1 (−9 to 11) 0.84 (0.65 to 1.10) .20 1.01 (0.92 to 1.12) .78
SIRS score, No. (%)c

2 49 (33.3) 36 (24.8) 9 (−2 to 19) 1.18 (0.90 to 1.59) .29 1.19 (0.89 to 1.59) .25
≥3 59 (40.1) 69 (47.6) −8 (−19 to 4) 0.84 (0.65 to 1.10) .20 0.81 (0.64 to 1.02) .07

Daily SIRS score,
mean (95% CI)c

1.5 (1.3 to 1.7) 1.6 (1.4 to 1.7) .62 .61

Acute kidney injury according
to RIFLE criteria, No. (%)d

Risk 23 (15.7) 36 (24.8) −9 (−18 to 0) 0.63 (0.39 to 1.00) .05 0.73 (0.47 to 1.14) .17
Injury 16 (10.9) 26 (17.9) −7 (−15 to 1) 0.61 (0.34 to 1.08) .09 0.61 (0.34 to 1.08) .09
Failure 9 (6.1) 9 (6.2) 0 (−6 to 5) 0.99 (0.40 to 2.41) .98 0.97 (0.40 to 2.34) .95

Use of renal replacement
therapy, No. (%)

4 (2.7) 5 (3.5) 0 (−5 to 3) 0.79 (0.22 to 2.88) .72 0.81 (0.22 to 2.97) .76

Acute heart failure, No. (%) 1 (0.7) 0 1 (−1 to 2)
Myocardial ischemia
or infarction, No. (%)

0 1 (0.7) −1 (−2 to 1)

Altered consciousness, No. (%)e 8 (5.4) 23 (15.9) −10 (−17 to −3) 0.34 (0.16 to 0.74) .007 0.34 (0.16 to 0.75) .007
Stroke, No. (%) 0 0
Coagulation SOFA score ≥2,
No. (%)

16 (11.0) 11 (7.6) 3 (−3 to 10) 1.44 (0.69 to 3.01) .33 1.47 (0.07 to 2.23) .07

Hypoxemia, No. (%) 21 (14.3) 33 (22.8) −8 (−17 to 0) 0.63 (0.38 to 1.03) .07 0.64 (0.40 to 1.03) .07
Pneumonia, No. (%) 4 (2.7) 11 (7.6) −5 (−10 to 0) 0.36 (0.12 to 1.10) .07 0.36 (0.12 to 1.10) .07
ARDS, No. (%) 7 (4.8) 7 (4.8) 0 (−5 to 5) 0.99 (0.35 to 2.74) .98 0.98 (0.35 to 2.67) .95
Reintubation, No. (%) 10 (6.8) 15 (10.3) −4 (−10 to 3) 0.66 (0.31 to 1.42) .28 0.66 (0.31 to 1.42) .28
Need for noninvasive
or invasive ventilation, No. (%)

25 (17.0) 36 (24.8) −8 (−17 to 1) 0.68 (0.43 to 1.08) .10 0.71 (0.45 to 1.11) .13

SOFA score, median (IQR)f

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 (−15 to 0) 0.56 (0.29 to 1.06) .07 0.55 (0.29 to 1.04) .07
Severe sepsis or septic shock,
No. (%)

13 (8.8) 13 (9.0) 0 (−6 to 7) 0.99 (0.47 to 2.05) .97 1.01 (0.49 to 2.11) .97

Complications within 30 d
Use of renal replacement
therapy, No. (%)

6 (4.1) 7 (4.8) 0 (−5 to 4) 0.85 (0.29 to 2.46) .76 0.85 (0.29 to 2.48) .77

Pneumonia, No. (%) 6 (4.1) 16 (11.0) −7 (−13 to −1) 0.37 (0.15 to 0.92) .03 0.38 (0.15 to 0.93) .03
ARDS, No. (%) 9 (6.1) 8 (5.5) 1 (−5 to 6) 1.11 (0.44 to 2.80) .83 1.10 (0.44 to 2.75) .84
Reintubation, No. (%)g 16 (10.9) 20 (13.8) −3 (−10 to 5) 0.79 (0.43 to 1.46) .45 0.79 (0.43 to 1.46) .46
Need for noninvasive
or invasive ventilation, No. (%)

28 (19.1) 40 (27.6) −9 (−18 to 1) 0.69 (0.45 to 1.06) .09 0.73 (0.48 to 1.11) .14

Sepsis, No. (%) 22 (15.0) 38 (26.2) −11 (−20 to −2) 0.57 (0.36 to 0.92) .02 0.54 (0.34 to 0.86) .009
Severe sepsis or septic shock,
No. (%)

18 (12.2) 22 (15.2) −3 (−11 to 5) 0.81 (0.45 to 1.44) .47 0.81 (0.46 to 1.43) .47

Acute heart failure, No. (%) 3 (2.0) 1 (0.7) 1 (−1 to 4) 2.96 (0.31 to 28.12) .35 2.53 (0.25 to 25.08) .43
Myocardial ischemia
or infarction, No. (%)

0 1 (0.7)

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 (0.40 to 0.98) .04
Surgical reoperation 23 (15.7) 29 (20.0) −4 (−13 to 4) 0.78 (0.48 to 1.29) .33 0.77 (0.47 to 1.26) .30
Anastomotic leakageh 24 (16.3) 25 (17.2) −1 (−9 to 8) 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 (−4 to 6) 1.11 (0.44 to 2.80) .83 1.11 (0.44 to 2.81) .82

(continued)

Effects of Individualized Blood Pressure Management on Postoperative Organ Dysfunction Original Investigation Research

jama.com (Reprinted) JAMA October 10, 2017 Volume 318, Number 14 1353

© 2017 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Imperial College London user on 02/05/2019

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.14172


predicted.14,24 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,29 respira-
tory failure,32 sepsis, and death.33,34

The issue of intraoperative blood pressure management
has been 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.9 To our knowledge, this is the first
study to investigate the effects of individualizing blood pres-

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 Hg35; 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

Figure 3. Kaplan-Meier Estimates of the Probability of Postoperative Organ Dysfunction
by Day 30 After Surgery
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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
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,
as compared with the standard
treatment group, was 0.66 (95% CI,
0.52-0.84; P = .001). The median
follow-up duration was 30 days
(interquartile range, 30-30 days) in
the 2 treatment groups.

Table 3. Primary and Secondary Outcomes and Adverse Events (continued)

Variable

Individualized
Treatment
(n = 147)

Standard
Treatment
(n = 145)

Between-Group
Absolute Difference,
% (95% CI)

Unadjusted
Relative Risk
(95% CI) P Value

Adjusted
Relative Risk
(95% CI)a P Value

Adverse Events
No. (%)

Severe bradycardia 16 (10.9) 16 (11.0) 0 (−7 to 7) 0.99 (0.51 to 1.90) .97 0.97 (0.51 to 1.88) .94
Major bleedingi 6 (15.4) 8 (23.5) −8 (−17 to 1) 0.65 (0.25 to 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.
a Adjustment was performed for stratification variables (study center, urgency

of surgery, and surgical site), study group, and acute kidney injury risk index.
b The primary outcome was a composite of SIRS and at least 1 organ system

dysfunction for the renal, respiratory, cardiovascular, coagulation, and
neurologic systems by day 7 after surgery.

c The SIRS score (range, 0 [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/μL or lower than 4000/μL, heart rate
higher than 90 beats/min, and respiratory rate higher than 20 breaths/min or
PaCO2 less than 32 mm Hg.

d 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.

e 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 0 to 4 for each organ system, with higher
scores indicating more severe organ dysfunction.

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

h Anastomotic leakage of the gastrointestinal tract.
i Blood transfusion was required in 39 patients in the individualized treatment

group and 34 patients in the standard treatment group.
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that even brief exposure to a 10–mm Hg reduction in SBP be-
low 80 mm Hg6 or a 5–mm Hg reduction in mean arterial pres-
sure below 70 mm Hg is associated with adverse outcomes.4,5

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
a protocolized 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.36 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.15,37 Moreover, phenylephrine is a selec-
tive α1-adrenergic agonist with a greater risk of negative ef-
fects on cardiac output,38 in contrast to ephedrine or
norepinephrine, which have β-adrenergic activity.37,39 Al-
though the use of norepinephrine rather than ephedrine in the

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
to a possible 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.4,5 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.
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COMMENT & RESPONSE

Organ Dysfunction After Surgery in Patients Treated
With Individualized or Standard Blood Pressure
Management
To the Editor In a randomized clinical trial,1 Dr Futier and col-
leagues assessed the effect of individualized vs standard blood
pressure management strategies on postoperative organ dys-
function. We had concerns regarding the blood pressure goals
that were established for the subgroup of patients that was as-
signed to the standard blood pressure group.

The authors chose to treat a systolic blood pressure (SBP)
less than 80 mm Hg or less than 40% from a patient’s resting
blood pressure. However, it has been well described in the lit-
erature and is standard practice to maintain the intraopera-
tive blood pressures within 20% of the patient’s best esti-
mate of preoperative blood pressure.2 Only in healthy patients
has a 25% to 35% decrease in blood pressure from immediate
preoperative baseline values been found acceptable.3 In a re-

cent analysis,4 maintaining intraoperative pressures below 20%
of preoperative values was associated with myocardial and kid-
ney injury. Thus, the authors’ decision to allow the blood pres-
sures to drop to less than 40% of preoperative values in the
standard group might have predisposed these patients to a
higher likelihood of postoperative organ dysfunction. The pa-
tient population studied by the authors had a high risk of peri-
operative complications and exposing these patients to a lower
blood pressure threshold than what is standard practice might
have artificially skewed the data in favor of the individual-
ized blood pressure group.

The other concern we had was that patients in the stan-
dard group received a higher volume of crystalloid adminis-
tration during surgery (2000 mL vs 1500 mL) compared with
the individualized blood pressure group. Administration of a
higher volume of fluids during the intraoperative period can
be associated with worse postoperative outcomes.5 The dif-
ference in fluid administration during the intraoperative pe-
riod between the 2 groups could also have affected the post-
operative outcomes.
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To the Editor Dr Futier and colleagues performed a study to
evaluate the effects of targeting perioperative blood pressure
based on patients’ individual preoperative blood pressures
compared with standard practice.1 However, methodological
issues raise questions about the results. The authors did not
simply compare 2 groups with different perioperative blood
pressure goals. Rather, they compared the outcomes of 2 com-
pletely different blood pressure management strategies.

First, the intervention group was managed with norepi-
nephrine infusions to achieve blood pressure goals, whereas
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the standard group was managed with ephedrine boluses to
achieve more liberal blood pressure goals. The authors sup-
ported this decision by stating that norepinephrine and ephed-
rine both act on α- and β-adrenergic receptors to produce their
clinical effects, but the fact remains that these are 2 very dif-
ferent medications. For example, norepinephrine is a direct-
acting sympathomimetic amine, whereas ephedrine acts pri-
marily via an indirect mechanism.2 Using norepinephrine
infusions to control blood pressure in both groups would have
eliminated this unnecessary confounding.

Second, blood pressures were only recorded every 10 min-
utes, although standards from the American Society of
Anesthesiologists recommend measuring blood pressure at
least every 5 minutes.3 Thus, unrecorded hypotension may
have persisted for significant periods between blood pres-
sure readings. Patients receiving vasopressor boluses would
be expected to experience more blood pressure instability than
those receiving vasopressor infusions. Without more fre-
quent blood pressure recordings, the specifics of this instabil-
ity remain unknown.
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To the Editor A randomized clinical trial comparing a standard
blood pressure management regimen vs individualized therapy
in patients undergoing major surgery suggested that individu-
alized goals could reduce postoperative organ dysfunction.1

Unfortunately, the conclusions of the Intraoperative Norepi-
nephrine to Control Arterial Pressure (INPRESS) study are not
fully supported by the data.

The study was based on the premise that global blood pres-
sure targets neglect the individual variation in baseline blood
pressure (as exhibited by the SDs reported in Table 1 of the
article1) and place patients at risk for relative hypotension. Yet
when patients were randomized to global or individualized
blood pressure targets, the between-group difference in SBP
was only 6.5 mm Hg (95% CI, 3.8-9.2). Although this differ-
ence was statistically significant, in the context of the wide
range of pressures exhibited in Figure 2,1 this difference ap-

pears trivial. Contrast this with the Sepsis and Mean Arterial
Pressure Trial in which critically ill patients were randomized
to 2 mean arterial pressure targets, and a sharp physiologic dis-
tinction between groups was observed.2

P values less than .05 are often accepted as “truth.” But
even with properly conducted statistical analysis, the risk of
incorrectly rejecting the null hypothesis remains as high as 5%.
One strategy for mitigating that risk is simply asking whether
there is a chain of logic that connects the intervention to the
result. Unfortunately, it is not uncommon for investigators to
conclude that their intervention was a success based on clini-
cal outcome measures, even when the intervention had no de-
tectable effect on the underlying physiology.3,4

In the case of the INPRESS study, the data do not allow this
connection to be made. Missing is a report of the SBP indexed
to baseline—if the intervention achieved a meaningful physi-
ologic effect, the individualized therapy group should have
maintained SBPs closer to baseline. Only then can it safely be
concluded that therapy targeted to individual baseline blood
pressure improves outcomes. Conversely, if SBPs indexed to
baseline were almost identical between groups, it is hard to un-
derstand how one strategy could be superior.
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To the Editor Dr Futier and colleagues1 concluded that manage-
ment targeting an individualized SBP minimized the risk of
postoperative organ dysfunction compared with standard man-
agement. The authors used a composite primary outcome.
Composite outcomes should include components that are of
comparable severity and occur with similar frequency.2 It was
not appropriate to combine the less severe and more com-
mon RIFLE (risk, injury, failure, loss of kidney function, and
end-stage kidney disease) stage risk with the more severe
and less common myocardial infarction, nor a Glasgow Coma
Scale score of 14 or less with stroke. The incidence of acute kid-
ney dysfunction was relatively large, so that it overwhelmed
the other components of the composite primary outcome and
effectively became the primary outcome.
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In interventional trials, all groups should be treated equally,
apart from the experimental and control treatments to en-
sure that any differences in the outcome can be attributed to
effects of the study intervention.3 In this study, the individu-
alized treatment group received more than 1 intervention com-
pared with the standard treatment group. The individualized
treatment group targeted an SBP within 10% of the patient’s
resting SBP, whereas the standard treatment group targeted
an SBP less than 80 mm Hg or lower than 40% from the pa-
tient’s resting SBP. Different medications (norepinephrine vs
ephedrine) and different methods of administration (continu-
ous intravenous infusion vs intravenous boluses) were used.
Each of these co-interventions may be responsible for the dif-
ferences in the outcome of the study. It would be more appro-
priate if both groups received either intravenous boluses of
ephedrine or, as mentioned in the limitations, continuous in-
travenous infusion norepinephrine. Interpretation is further
complicated by the fact that 38 patients (26.2%) in the stan-
dard treatment group required rescue therapy with norepi-
nephrine to achieve the target SBP.

More confidence would be achieved if both the intention-
to-treat and per-protocol analyses were performed and reached
the same conclusions.4 A per-protocol analysis was men-
tioned as being planned in the protocol but not reported in
the article.
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To the Editor In a recent study, individualized perioperative
blood pressure management compared with standard care in
the setting of major surgery was found to reduce the risk of
postoperative organ dysfunction.1 Although the study was hy-
pothesis generating, the manner and rigor with which refer-
ence or normal resting blood pressure was obtained warrants
further explanation.

Resting blood pressure from the preoperative anesthesi-
ology consultation was used as the reference value and, if
unavailable, the blood pressure measurement recorded on a
surgical ward the day before surgery, while the patient was
supine, was used. Clearly, these values may vary widely.

Basing the intervention of keeping the SBP within 10 mm Hg
of the normal resting value obtained with a nonuniform
method of measurement may affect the internal validity of
the results. Furthermore, international guidelines recognize
that preoperative blood pressure management should be
rigorous and evaluated in the context of historical blood
pressures taken in a primary care setting.2 In this trial, in
which greater than 65% of patients were taking an antihy-
pertensive medication at baseline, such an approach would
have been particularly valuable.

The data suggest that individualized blood pressure
management can improve postoperative surgical outcomes.
However, fundamental questions remain regarding the
validity of the individualized therapeutic blood pressure
targets. Were multiple blood pressure measurements taken
in the preoperative clinic and averaged? Were these mea-
surements obtained in the supine position? Was blood pres-
sure obtained by a manual auscultatory method or via an
oscillometric blood pressure machine? The answers to these
questions will reveal the trust that should be placed in each
patient’s normal resting value and consequently the trust
that should be placed in the trial’s results. Reproducibility
and accuracy when measuring blood pressure are critical.
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In Reply Dr Karamchandani and colleagues suggest that expos-
ing patients in the standard treatment group to a blood pres-
sure threshold level lower than what is generally accepted may
have predisposed patients to organ dysfunction. However, al-
though there is accumulating evidence that intraoperative
blood pressure is associated with outcomes, the goals for blood
pressure are not well supported by robust evidence and there
are few data to support any specific threshold.

Karamchandani and colleagues also raise concerns about
a possible effect of a between-group difference in intraopera-
tive crystalloid administration. The mean difference in crys-
talloid administration during surgery between the 2 groups was
355 mL (95% CI, 138-572). Although patients who developed
the primary outcome received more crystalloids (mean dif-
ference, 434 mL; 95% CI, 218-650), intraoperative crystalloid
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administration was not associated with the primary outcome
(adjusted relative risk, 1.29; 95% CI, 0.95-1.77), nor was the cu-
mulative volume of fluids (eTable 2 in the Supplement).

Dr Mitchell and colleagues are concerned about blood
pressure recordings at 10-minute intervals. Blood pressure
was monitored continuously during surgery but hemody-
namic data were collected at 10-minute intervals. As a result,
the possibility of substantial variations in blood pressure
between measurements points, and the possibility of longer
durations of hypotensive events in the standard treatment
group, cannot be excluded.

Dr Thiele questions the relevance of the overall small but
statistically significant between-group difference in mean
SBP and its connection to outcomes. Whether a higher
threshold of statistical significance should be used in clinical
research merits further debate. We agree, however, that in
the INPRESS study, the risk of incorrectly rejecting the null
hypothesis was as high as 2%. Thiele also suggests we report
blood pressure indexed to baseline. We disagree given the
stress-induced variability between baseline and usual blood
pressure values both within and between patients commonly
observed in clinical practice.1

Dr Daoud raises concern about the relative weights of each
component of the composite primary outcome. Although the
positive effect on the composite end point was mainly driven
by statistically significant differences in renal dysfunction and
altered consciousness with the individualized strategy, addi-
tional analysis with each individual component was also per-
formed, as recommended,2 and adjustment was made for mul-
tiple testing.

Mitchell and colleagues and Daoud point out the possible
effects of a co-intervention of different vasopressor agents in
addition to different blood pressure thresholds on study out-
comes, and they suggest that use of norepinephrine instead
of ephedrine in the standard treatment group would have
eliminated this unnecessary confounding. Norepinephrine is
rarely used to treat hypotension in general surgical patients,
and data on its efficacy and safety have not been extensively
studied in this context.3 Nevertheless, we agree that an inde-
pendent effect of the vasopressor agent on outcome cannot
be excluded, in particular because norepinephrine may exert
venoconstrictive effects on venous capacitance vessels lead-
ing to an increase in venous return and cardiac preload.4

However, in the trial, no between-group differences were
noted in the cardiac index or the cumulative volume of flu-
ids. In the per-protocol analysis (including patients who
required norepinephrine because of persistent hypotension),
the primary outcome occurred in 28 patients (74%) in the
standard treatment group vs 53 patients (38%) in the indi-
vidualized treatment group (adjusted relative risk, 0.53; 95%
CI, 0.40-0.72; P < .001).

Drs L. J. Laffin and M. R. Laffin raise concerns about the
standardization and accuracy of blood pressure measure-
ments to define resting values. We agree on the difficulty of
defining resting blood pressures, especially when 60% of
patients taking antihypertensive drugs had treatment discon-
tinuation prior to surgery and 15% had emergency proce-
dures. However, extensive measures were taken to minimize

the risk of variability, and blood pressures documented in the
patient medical record were used as the reference value in
most cases.
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Authorship Credit for Large Clinical Trials
To the Editor Drs Mentzelopoulos and Zakynthinos outlined the
goals for maintaining the academic integrity of research in a
Viewpoint.1 However, the current structure of promotions in
most academic settings discourages rather than promotes col-
laboration. This current structure is not good for clinical re-
search, as it perpetuates, rather than helps to resolve, the con-
tinuing problem that the majority of clinical trials are relatively
small, single-site studies2 that may be underpowered and of
questionable significance and potential to advance medi-
cine. In clinical research involving human participants, high
statistical variability is frequently seen. Thus, high-quality,
meaningful research usually means large sample sizes. Ex-
cept in rare cases, this requires collaboration among large
groups of researchers. Under the present criteria for aca-
demic promotion at many universities, whereby investiga-
tors are heavily rewarded for either first or last authorship and
promoted based largely on individual rather than collabora-
tive efforts, the motivation to participate in large collabora-
tive efforts is markedly diminished.

Clinical trials represent the central means by which pre-
ventive, diagnostic, and therapeutic interventions are
evaluated.2 Pharmaceutical industry–sponsored clinical trials
represent an important line of therapeutic research, and the
large majority of new clinical treatments achieve approval by
the US Food and Drug Administration through industry-
sponsored trials. The state of clinical trials in mental health is
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Letters

COMMENT & RESPONSE

Additional Factors Regarding Clinical Outcomes
of General Anesthesia and Conscious Sedation
for Acute Ischemic Stroke
To the Editor Simonsen et al1 concluded that general anesthe-
sia (GA) did not influence infarct growth compared with con-
scious sedation in endovascular-treated patients with acute
stroke. This is an interesting study that addresses topical ques-
tions. However, we would like to point out some limitations.

The authors used infarct growth, which was determined by
magnetic resonance imaging scans that were obtained before
endovascular treatment (EVT) and 2 to 3 days after EVT, as a pri-
mary end point. Before imaging biomarkers, such as final infarct
volume and infarct growth, are used as surrogate for clinical end
points, a mediation analysis must establish the causal pathway
between intervention and mediator and between mediator and
clinicaloutcome.2 However, infarctgrowththatisassociatedwith
a clinical outcome is complex and the clinical benefit may not be
explained by changes in infarct growth solely.3 Although post-
treatment infarct volume is described as a strong predictor that
is associated with functional outcome in patients with acute
stroke, infarct volume is not (completely) causally related
(mediating) to functional outcome at 90 days.3,4 As long as it is
unclear as to which proportion of functional outcome is
explained by infarct volume or prevention of infarct growth,
it should not be reported as a surrogate imaging end point.

The authors mentioned several physiological and procedural
considerations that cause differences in outcome between both
anestheticapproaches(ie,patientmovement,atimeincreasethat
is associated with intubation, and blood pressure drops). This
study shows 2 findings regarding these considerations. First, in
opposition to the current literature, patients undergoing GA
for EVT had better functional outcomes despite the higher rates
of low blood pressure. Second, technical success, which was
defined as a successful reperfusion (thrombosis in cerebral
infarction ≥ 2b) of EVT was greater in the GA group. However, no
explanation was given for the latter finding. Additionally, GA was
compared with conscious sedation in this randomized clinical
trial, although a comparison with treatment effect regarding
local anesthesia at the groin puncture site only remains.

In conclusion, interpreting infarct growth as a surrogate
marker for clinical outcome should be done with great care.
Further research on the influences of different types of anesthetic
management on EVT in patients with acute stroke is still
warranted.
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To the Editor We applaud Simonsen et al1 for performing a
randomized clinical trial about the effect of general anesthe-
sia (GA) and conscious sedation (CS) during endovascular
therapy on infarct growth and clinical outcomes in acute is-
chemic stroke. Despite its equipoise, this study is important
in the field because it reinforces the results of recent random-
ized clinical trials concerning GA safety in thrombectomy
for acute ischemic stroke.2,3

While the authors focused on the aspect of arterial blood
pressure with clear critical thresholds and protocolized man-
agement, we believe that 2 points concerning ventilatory man-
agement should be discussed.

First, in the discussion of their article, the authors empha-
sized the potential influence of ventilatory parameters in stroke
outcomes, and especially hypercapnia, that could enhance ce-
rebral blood flow in ischemic penumbra. Indeed, blood car-
bon dioxide (CO2) tension is a major determinant of cerebral
blood flow and could be best modulated during GA under me-
chanical ventilation. This parameter seems to have been strictly
monitored in both arms of the trial with an aim of normoven-
tilation in GA, as postulated in the published protocol and in
the supplemental content of the article.4 We are therefore sur-
prised that no data were published in the article on end tidal
CO2 or the arterial partial pressure of CO2. These parameters
could partially explain the overall results.

Second, CS is defined by the American Society of Anes-
thesiologists as a moderate sedation/analgesia that is a
“drug-induced depression of consciousness during which pa-
tients respond purposefully to verbal commands, either alone
or accompanied by light tactile stimulation. No interventions
are required to maintain a patent airway, and spontaneous
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ventilation is adequate. Cardiovascular function is usually
maintained.”5 It seems that no clinical parameter was used to
evaluate the conduction of CS, which could be highly vari-
able between practitioners. One could imagine that some pa-
tients undergoing CS were treated with an inadequate seda-
tion level that could affect outcomes, notably via ventilatory
parameters, such as oxygenation or carbon dioxide tension.
Oxygenation parameters, such as pulse oxymetry, were also
not mentioned in the study results.
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In Reply We thank Chabanne and Futier for the relevant ques-
tion concerning ventilator parameters in the General or Local
Anesthesia in Intra Arterial Therapy (GOLIATH) trial. Unfortu-
nately, it was not possible for us to obtain periprocedural arte-
rial blood gas parameters because of resource constraints. How-
ever, we have recently reported the end tidal carbon dioxide
(EtCO2) levels in the general anesthesia (GA) arm (4.4 kPa;
interquartile range, 4.2-4.8 kPa).1 Taking the normal arterial to
EtCO2 gradient into account, our data indicate a normoventi-
lation, which was the intention in the study protocol. The EtCO2

levels were not measured in the conscious sedation (CS) arm.
It is true that no objective measure was used to monitor the

level of CS or GA. Generally, anesthetic drugs are administered

according to a patient response. In the GOLIATH trial, the level
of sedation was monitored according to institutional guide-
lines that primarily focused on patient responses to verbal
commands and airway monitoring. The main objectives of CS
for endovascular treatment are to minimize involuntary pa-
tient movements and pain and maintain a patent airway.
Individual patients respond differently to sedatives and often
different drug dosages have to be administered to obtain a
similar sufficient level of sedation in 2 different patients. Thus,
we believe that monitoring the level of sedation according to an
objective measure has only academic interest. The drug doses
administered in the CS arm have also recently been published
and provide information on the level of sedation.1

We appreciate the insights of Compagne et al regarding
their objection to the use of infarct growth as a surrogate end
point; we are also aware of the recent studies that use a for-
mal mediation analysis to show a weaker than expected con-
tribution of posttreatment ischemic lesion volume to long-
term functional outcomes.2 Indeed, this finding might explain
why the clinical outcomes between the trial arms were sig-
nificantly different, whereas infarct growth was not. The
greater statistical power displayed by our clinical end point is
another argument against infarct volume as a potential sur-
rogate. When the GOLIATH trial was designed, the aforemen-
tioned mediation analyses were not published, and based on
the literature at the time, infarct growth was the best choice
for a surrogate end point. Nevertheless, the biological ratio-
nale for the interventions we do in acute stroke (ie, achieving
greater revascularization, treating faster, and avoiding blood
pressure drops) remains preventing infarct growth. In this light,
this trial provides important data regarding the mechanisms
by which the anesthetic regimen might influence the acute
evolution of stroke and the response to intervention.

With respect to the higher rate of successful reperfusion
in the GA group, we proposed in our article’s Discussion3 that
it might have been related to decreased patient movement.
Although most stroke patients can be safely and effectively
treated while undergoing CS, it is clear that there are some
patients for whom excessive movement can pose a major im-
pediment to the neurointerventionist. As we also concluded,
this finding is in opposition to the retrospective literature but
agrees with other randomized clinical trials.
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Retinoids and Amyotrophic Lateral Sclerosis
To the Editor We read with great interest the article by
Rosenbohm and colleagues.1 They conducted a case-control
study and reported that retinol-binding protein 4 had an
inverse association with both risk for amyotrophic lateral
sclerosis (ALS) and disease prognosis. Although we agree
with the relevance of the reported results and their interpre-
tation, we would like to comment on 2 issues that might also
correlate with these findings.

First, as the authors indicated in the study, growing evi-
dence shows disturbances in energy metabolism levels in
patients with ALS who may experience a shift from glucose
to lipid metabolism as the main energy source.2 Interest-
ingly, ALS is a very complex syndrome from a genotypic and
phenotypic perspective. In this line, it has been postulated
that causes of the disease could vary depending on the clini-
cal form.2 In their article,1 Rosenbohm et al reported that 97
(33.6%), 91 (31.5%), and 73 (25.3%) of the patients had lum-
bar, bulbar, and cervical onset, respectively, but they did not
include this grouping category in the analysis of retinol-
binding protein 4 levels.1 In our opinion, because some
pathogenic features, as well as several clinical conditions,
such as diet, might differ between bulbar and spinal ALS, it
would have been interesting to have considered this, for it
would might provide further insight into the pathogenesis of
the different disease forms.

The second issue refers to the potential therapeutic role
of retinoids. Because of the absence of an effective modify-
ing disease therapy, there is a pressing need to search for new
therapies for ALS. We previously showed that the retinoid ago-
nist bexarotene has clear neuroprotective associations in ALS
murine models.3 Traditionally, there are important difficul-
ties in translating basic experimental findings into patients with
ALS.4 However, the study by Rosenbohm et al1 provides fur-
ther support for the implication of retinoids in ALS. Also, in
line with this concept, Nieves et al5 conducted a study to evalu-
ate the association between nutrients and ALS course in more
than 300 patients with ALS at the initial stages of the disease.
Interestingly, it was reported that patients who have carotene-
enriched diets exhibited a better prognosis.5 Altogether, these
studies suggest that retinoid pathway activation by bexaro-
tene or other retinoids might be considered in a clinical trial
for patients with ALS.
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In Reply We appreciate the comments of Riancho et al on our
article1 investigating the association of retinol-binding pro-
tein 4 (RBP4) concentrations with the amyotrophic lateral
sclerosis (ALS) risk and prognosis in the ALS registry Swabia.
In their letter, they pointed out important clinical aspects
and suggested that the causes of the disease could vary
depending on the clinical characteristics of ALS and should
be considered.

In response to their first comment, we have now ana-
lyzed RBP4 values by clinical subgroup of ALS (Table). In the
case-control study, which included 289 ALS cases and 504
controls, the geometric mean of RBP4 values was different
among the various categories of ALS onset site. Notably, ALS
cases with a thoracic onset had the lowest mean values. In
addition, concentrations in patients with ALS with bulbar,
cervical, and thoracic onset were statistically significantly
lower than in the controls. This observation is consistent
with the suggestion that ALS subgroups may differ by geno-
type and phenotype.2 As others have, we observed worse
survival rates in bulbar vs spinal forms of ALS,3 and the for-
mer also had comparatively low RBP4 values in this analysis
(Table).

We agree also with Riancho et al that there is pressing
need to search for new therapies for ALS. As stated in the
Discussion section of our article,1 the replication of our
results in other, ideally prospective, observational studies of
sufficient size and the further elucidation of the possible
causal role of retinoids in ALS will justify establishing clini-
cal trials to further clarify the role of retinoids as a target for
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