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Relationship between Intraoperative Mean
Arterial Pressure and Clinical Outcomes after
Noncardiac Surgery

Toward an Empirical Definition of Hypotension
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Association between Intraoperative Hypotension and

Hypertension and 30-day Postoperative Mortality in
Noncardiac Surgery
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Odds Ratios for 30-Day Mortality by BP Quartiles
BP Type Quartile
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Relationship between Intraoperative Hypotension,
Defined by Either Reduction from Baseline or Absolute
Thresholds, and Acute Kidney and Myocardial Injury
after Noncardiac Surgery

A Retrospective Cohort Analysis

Vafi Salmasi, M.D., Kamal Maheshwari, M.D., M.PH., Dongsheng Yang, M.A.,
Edward J. Mascha, Ph.D., Asha Singh, M.D., Daniel |. Sessler, M.D., Andrea Kurz, M.D.
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Guideline

ACC/AHA Clinical Practice Guideline

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:e278.
Individua]izing Care in Patients With Associated
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nize the complexity of managing patients with multiple condi

tions, compared with managing patients with a single disease, :F ( J:
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ind the challenge 1s compounded when CPGs for evaluation
or treatment of several coexisting illnesses are discordant or

interacting.” CPGs attempt to define practices that meet the 1%'3” ( \.l—\\'g 9 é K cl/ ?}li ll%—
needs of patients in most, but not all, circumstances and do not | /73 C o0

replace clinical judgment.
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Mean Arterial Pressure (mm Hg)

57 Low-target group

High-target group

,___
Cumulative Survival (%)
8
T

et sy . S I

N 25+
i
! 0 T T 1
0 28 G0 %0
Day
T
5 Ne. at Risk
Low target 37 256 233 225
Days High target 375 248 277 219

Table 2. Clinical Results, Primary and Secondary Qutcomes, and Serious Adverse Events.

Figure 2. Mean Arterial Pressure during the 5-Day Study Period.
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Figure 3. Kaplan—Meier Curves for Cumulative Survival.
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Variable
Cumulative fluid intake from day 1 to day 5 — liters
Cumulative urine output from day 1 to day 5— liters
Cumulative fluid balance from day 1 to day 5 — liters
Median dose of norepinephrine (IQR) — pg/kg/min
Day 1
Day 2
Day 3
Day 4
Day 5
Duration of catecholamine infusion — days
Primary outcome: death at day 28 — no. (%)*
Secondary outcomes — no./total no. (%)
Death at day 907
Survival at day 28 without organ supporti
oot .
Na chranic hypertension
| Chronic hypertension}
whalirerlirement ey Som de o g3
No chronic hypertension
| Chronic hypertension

Serious adverse events — no. (%)

Any

Acute myocardial infarctionf

Atrial fibrillation

Ventricular fibrillation or tachycardia
Digital ischemia

Mesenteric ischemia

Bleeding

Low-Target Group
(N=388)

10.0 (5.3-14.0)
6.7 (2.9-10.7)
2.3 (0.0-6.2)

0.45 (0.17-1.21)
0.16 (0.03-0.48)
0.02 (0.00-0.16)
00 (0.00-0.05)
0.00 (0.00-0.03)
17432
132 (34.0)

164 (42.3)
241 (62.1)
161 (41.5)

71/215 (33.0)

90/173 (52.0)
139 (35.8)

66/215 (30.7)

73173 (42.2)

69 (17.8)
2(05)
11 (2.8)
15 (3.9)
9(23)
9(23)
42 (10.8)

High-Target Group
(N=388)

105 (5.5-14.0)
6.9 (2.4-10.7)
2.4 (0.0-6.0)

0.58 (0.26-1.80)
0.38 (0.14-0.90)
0.14 (0.01-0.50)
0.03 (0.00-0.22)
0.01 {0.00-0.15)
47:37
142 (36.6)

170 (43.8)
235 (60.6)
150 (38.7)

85/221 (38.5)

65/167 (38.9)
130 (33.5)

77/221 (34.8)

53/167 (31.7)

74 (19.1)
7(18)
26 (6.7)
2 (5.7)
10 (2.6)
9(23)
31 (8.0)

P Value
0.89
0.87
0.74

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.57

0.74
0.66
0.42
0.32
0.02
0.50
0.36
0.046

0.64
0.18
0.02
0.24
0.32
1.00
0.22




Background

Leone et al Critical Care (2015) 19:101
DOl 10.1186/513054-015-0794-2
@ CRITICAL CARE

REVIEW Open Access

Optimizing mean arterial pressure in septic shock:
a critical reappraisal of the literature

Marc Leone", Pierre Asfar’, Peter Radermacher’, Jean-Louis Vincent® and Claude Martin' Crit Care. 201 5, 19:101.
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MAP

CVP

| Mean Arterial Pre Perfusion Pre

[LwTrgt[:l <

D |

Central Venous Pressure

=7

== < > —= )

Arterial circulation Organ

Figure 2 Interactions between mean arterial pressure, central
venous pressure, and perfusion pressure.
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Study Design
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Acute Kidney Injury (AKI) risk index
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Study Interventions
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Study Interventions
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TR - FLERD >4 )L 4ml/kg/hr

e« Step 1. After induction of anesthesia: Assessment of reference stroke volume

Bolus®d
Protocol

SRS

index (SVI) = RefSVI
Maximum 500 ml of fluid for initial refSVI determination

| Give 250 ml of trial fluid over 10 min |

|

I Increase in SVI=10% I

YES / \ NO
Give another 250 ml fluid bolus Stop fluid challenge
Note RefSVIvalue Mote RefSVIvalue

e Step 2. During surgery: If SVI decreases >10% from its reference value
Repeat 250 ml fluid boluses until an increase of SVI| of less than 10%
Persistent stroke volume responsiveness suggests continued fluid loss
Fluid responsiveness is defined as a stroke volume increase 210%

RS A\ 12

fingHH

» D : stroke volume index (SVI)DiENN=10%




Study Interventions

BA: JORIA—)L 2-3 mg/kg
sufentanil 0.2 pg/kg
cis-atracurium 0.15 mg/kg
TR . IRAMERCBIS 40-60
sufentanil 0.1-0.2 pg/kgZz 165fEIC &
AT Es: TV=8-10 ml/kg PBW, PEEP 5-10 cmH,0
Sp0,>95%I(C 723 K SFi0, % %
EtCO, 30-35 mmHQg(C72d K SIFIKRER
all: Hb>10 g/dLZz##359 B
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Primary Outcome
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RIFLE classification®

RIFLE criteria (by 7 days after surgery)
Class Glomerular Filtration Rate criteria | Urine output criteria
Risk Serum creatinine increase x 1.5 <0.5 ml/kg/h = Bh
Injury Serum creatinine increase x 2 <0.5 ml/kg/h < 12h
Failure Serum creatinine increase x 3, or | <0.3 ml/kg/h x 24h, or anuria
serum creatinine =4 mg/dl x 12h
(with an acute rise >0.5 mg/dl)
Loss Persistent acute renal failure = complete loss of kidney function
End-stage kidney End-stage kidney disease >3 months
disease

| Seguential Organ Failure Assessment gSOFAg score” I

SIRS criteria®

Two or more of the following:

1. Core temperature >38°C or <36°C. (Core temperature was rectal or tympanic). If
oral, inguinal or axillary temperatures were used, 0.5°C were added to the
measured value

2. Heart rate >90/min. If patient had an atrial arrhythmia, record the ventricular rate.
If patients have a known medical condition or are receiving treatment that would
prevent tachycardia (for example, heart block or beta blockers), they must meet
two of the remaining three SIRS criteria.

3. Respiratory rate > 20/min or a PaCO,; <32 mmHg (4.3 kPa) or mechanical
ventilation for an acute process.

4. White Blood Cell (WBC) count of >12 x 10%/1 or <4 x 107/I.

|_SIRS score’|
The magnitude of the inflammatory response attributable of surgery or surgical stress
was evaluated using the SIRS score, ranging from 0 to 4 (1 point for each parameter)
with the highest score indicating more severe inflammatory response.

| Sepsis, severe sepsis and septic shock criteria”
Sepsis was defined as:

1. Defined focus of infection and

2. Atleast two systemic inflammatory response syndrome (SIRS) criteria.

Defined focus of infection was indicated by either an organism grown in blood or
sterile site, or an abscess or infected tissue (e.g. pneumonia, peritonitis, urinary tract,
vascular line infection, soft tissue, etc.).

Score
Organ system 0 | 1 | 2 | 3 [ 4
Respiration
PaO./FiO, 2400 <400 <300 <200 <100 with
mmHg respiratory support
Coagulation
Platelets, =150 <150 <100 <50 <20
«10%/mm®
Liver
Bilirubin <20 20-32 33-101 102-204 >204
Hmol/l
Cardiovascular
Hypotension MAP MAP dopamine dopamine >5.0 dopamine >15.0
270mmHg | <70mmHg | <5.0 (Mg/kg/min) (ng/kg/min)
(Mg/kg/min)
or any dose or noradrenaline | or adrenaline >0.1
dobutamine <01 or noradrenaline
or adrenaline >0.1
=0.1
Central nervous system
Glasgow Coma 15 13-14 10-12 6-9 <6
Scale score
Renal
Creatinine, umol/l | <110 110-170 171-299 300440 >440
Urine output <500 ml/day <200 ml/day

Severe sepsis was defined by sepsis plus at least one organ failure, hypotension or
hypoperfusion. Septic shock was sepsis-induced hypotension despite adequate fluid
resuscitation along with the presence of perfusion abnormalities




Secondary Outcome

- 7HELADSIRS, [E2sEED&IE

- SOFA score (1, 2, 7 )
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Statistical Analysis

a level:0.05, Power: 95%, FE4AEFIEZ: 40%—20%
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Results



Participant Flow

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

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

Y

300 Agreed to participate

2 Excluded (signed consent but did
not undergo randomization)



Participant Flow

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)?

Y
149 Completed the trial
v
147 Included in primary outcome analysis

2 Excluded (withdrew consent for
use of data)

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 surgeryP
1 Randomization in error (violation
of exclusion criteria)

Y

146 Completed the trial
l
Y

145 Included in primary outcome analysis
4 Excluded
1 Withdrew consent for use of data
2 Did not undergo surgeryP

1 Randomization in error (violation
of exclusion criteria)

R X BT (S

{

\

o

BﬂfﬁEﬁ 147 A
aBat « 1454
= n‘|'292A_C7Jﬂ_MT



Baseline Characteristics

Table 1. Baseline Characteristics of Patients

Individualized Treatment

Standard Treatment

Characteristic (n = 147) (n =145)
Age

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

Among those aged =270y, mean (SD), y 75.6 (4.3) 76.1(4.8)

=70y, 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), kg? 65.9 (7.8) 66.4 (8.1)
ASA physical status class, No. (%)

I 62 (42.2) 54 (37.2)

1 84 (57.1) 89 (61.4)

2|V 1(0.7) 2(1.4)
Acute kidney injury risk index class, No. (%)¢

1l 76 (51.7) 71 (49.0)

v 51 (34.7) 52 (35.9)

v 20 (13.6) 22 (15.1)
Reference blood pressure, mean (SD), mm Hg®

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 6(17.7) 38 (26.2)

Ischemic heart disease 0(13.6) 32 (22.1)

Renal impairment 8 (19.1) 17 (11.7)

Diabetes mellitus 7 (52.4) 73 (50.3)

— '__ |=
|I=I| 1N

{

215 i (47 0k
ZE#FDITE

135/75mmHg

&Rl iaEEED(F

oY)

ASA-PS T D ANZE
&D

N82%

f



Baseline Characteristics

Type of surgery, No. (%)

{Elpl aEE+

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 71 (48.2) 72 (49.6)
or angiotensin Il receptor blocker
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 GFR®
Overall, median (IQR), mL/min/1.73 m? 88.0 87.8
(71.6-105.1) (71.0-103.3)
Among those with estimated GFR <60 mL/min/1.73 m?, 46.1 50.8
median (IQR), mL/min/1.73 m? (43.6-54.6) (43.8-55.6)
Estimated GFR <60 mL/min/1.73 m?, 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)
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Table 2. Clinical Management of Patients During the Intervention Period, Including During Surgery
and for 4 Hours Following Surgery®

Individualized Treatment

Standard Treatment

Variable (n =147) (n = 145) P Value
Cumulative volume of crystalloid, 2275 (1600-3000) 2500 (1825-3225) .09
median (IQR), mL
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, 1000 (500-1500) 1000 (500-1750) .25
median (IQR), mL
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
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Cardiac index, mean (SD), mL/min/m?
Baseline 2.5 (0.6) 2.5(0.7) A48
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 1 fu EIJ; )_;?_E;EO)

Vasoactive drug dose during surgery®

Norepinephrine 9 O 0/0 t\\ N A D1E5 -

Patients, No. (%) 140 (95.2) 38 (26.2) = ‘_[A\ ggid)
Dose, mean (SD), pg/ka/min 0.06 (0.14) 0.03 (0.03) 03 "" ' /27
. 0 = 1——
Ephedrine 26% CNADIEH
Patients, No. (%) 1(0.7) 122 (84.1)
Dose, median (IQR), mg NA 30 (15-48) 1E BIJ AR ?Eéléb\\
Epidural analgesia, No. (%) 64 (44.8) 63 (45.0) .97 /7
— A}
. . - d _ _ s
Duration of surgery, median (IQR), min 260 (170-365) 280 (200-375) 08 ___1,‘" I:F'Eﬁ j] 'Y&D
Planned location following surgery,
No. (%)
Surgical ward 48 (32.7) 41 (28.3)
High-dependency care unit® 81 (55.1) 84 (57.9) 71

Intensive care unit 18 (12.2) 20 (13.8)




Primary Outcome

Table 3. Primary and Secondary Outcomes and Adverse Events

Individualized Standard Between-Group Unadjusted

Treatment Treatment Absolute Difference, Relative Risk Relative Risk
Variable (n = 147) (n = 145) % (95% Cl) (95% Cl) P Value (95% Cl)®
Primary Outcome
Primary composite outcome, 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)

No. (%)"

ARR = 13.6%
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Secondary Outcomes

} Complications within7d |}

SIRS
0. (%) 108 (73.5) 105 (72.4) 1(-9to11) 0.84 (0.65to 1.10) .20 1.01(092to1.12) .78
SIRS score, No. (%)°
2 49 (33.3) 36 (24.8) 9(-2t019) 1.18 (0.90t0 1.59) .29 1.19(0.89t01.59) .25
23 59 (40.1) 69 (47.6) -8(-19to 4) 0.84 (0.65t0 1.10) .20 0.81(0.64t01.02) .07
Daily SIRS score, 15(1.3t01.7) 1.6(1.4to 1.7) 62 61
mean (95% CI)*

Acute kidney injury according

to RIFLE criteria, No. (%)¢

Risk 23 (15.7) 36 (24.8) -9 (-18 to 0) 0.63 (0.39t0 1.00) .05 0.73(0.47t0 1.14) .17
Injury 16 (10.9) 26 (17.9) -7(-15t0 1) 0.61 (0.34 to 1.08) .09 0.61(0.34to 1.08) .09
Failure 9 (6.1) 9(6.2) 0(-6to5) 0.99 (0.40t0 2.41) .98 0.97 (0.40t0 2.34) .95

Use of renal replacement 4 (2.7) 5(3.5) 0(-5to3) 0.79(0.22 to 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 t0 0.74) .007 0.34(0.16 to 0.75) .007

Stroke, No. (%) 0 0

ﬁua%%l.?tion SOFA score 22, 16 (11.0) 11 (7.6) 3(-3to10) 1.44 (0.69 to 3.01) .33 1.47 (0.07 to 2.23) .07

0.

Hypoxemia, No. (%) 21(14.3) 33 (22.8) -8(-17 to 0) 0.63(0.38t01.03) .07 0.64(0.40t01.03) .07
“Pneumonia, No. (%) 4(2.7) 11(7.6) 5 (-10t0 0) 0.36 (0.12 to 1.10) .07 0.36 (0.12 to L.10) .07
~ARDS, No. (%) 7(4.8) 7 (4.8) 0(-5105) 0.99 (0.35t0 2.74) .98  0.98(0.35102.67) .95

Reintubation, No. (%) 10 (6.8) 15 (10.3) -4 (-10 to 3) 0.66 (0.31to 1.42) .28 0.66 (0.31to 1.42) .28

Need for noninvasive 25 (17.0) 36 (24.8) -8(-17to 1) 0.68 (0.43t0 1.08) .10 0.71(0.45t0 1.11) .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 (-15 to 0) 0.56 (0.29t0 1.06) .07 0.55(0.29t0 1.04) .07
Severe sepsis or septic shock, 13 (8.8) 13 (9.0) 0(-6to7) 0.99 (0.47 t0 2.05) .97 1.01 (0.49t0 2.11) .97

No. (%)



I Complications within 30 d I

Use of renal replacement 6(4.1) 7 (4.8) 0(-5to 4) 0.85(0.29to 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(-5to &) 1.11 (0.44 to 2.80) .83 1.10 (0.44 to 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(0.45to 1.06) .09 0.73(048t01.11) .14
or invasive ventilation, No. (%)
Sepsis, No. (%) 22 (15.0) 38 (26.2) -11 (-20 to -2) 0.57(0.36t00.92) .02 0.54 (0.34 to 0.86) .009
E‘ev-:?;}aepsis or septic shock, 18 (12.2) 22 (15.2) -3(-11to 5) 0.81(0.45to 1.44) .47 0.81 (0.46to 1.43) .47
0. (%
Acute heart failure, No. (%) 3(2.0) 1(0.7) 1(-1to4) 2.96 (0.31 to 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 (-18to 0) 0.63(0.39t0 1.00) .05 0.63(0.40t0 0.98) .04
Surgical reoperation 23 (15.7) 29 (20.0) -4 (-13to 4) 0.78(0.48t0 1.29) .33 0.77 (0.47 to 1.26) .30
Anastomotic leakage” 24 (16.3) 25 (17.2) -1 (-9 to 8) 0.95(0.57to 1.58) .83 0.92 (0.57 to 1.50) .74
Death at day 30, No. (%) 9(6.1) 8 (5.5) 1 (-4 to6) 1.11 (0.44 to 2.80) .83 1.11 (0.44 to 2.81) .82
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Time Since Randomization, d

No. at risk
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Adverse Events
No. (%)
Severe bradycardia

Major bleeding'

16 (10.9)
6 (15.4)

]

16 (11.0)
8 (23.5)

=5

0(-7to7)
-8 (-17to 1)

0.99 (0.51 to 1.90)
0.65 (0.25 to 1.70)

.97
.38

0.97 (0.51 to 1.88)
0.68 (0.26 to 1.77)

94
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