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Sodium bicarbonate therapy for patients with severe
metabolic acidaemia in the intensive care unit (BICAR-ICU):
a multicentre, open-label, randomised controlled, phase 3 trial

P. BERMET7ZIR—2R (pH<7.20) 2ELAERRABEEE(ERDRIE 655%)
I: pH7.302B#&1c4.2% XrO &35 IR0 S
C: ArOvi85EL

O: Primary: 28HLIAD 2T +7HEICH T IRGBEE

Control group (n=194) Bicarbonate group (n=195)

Age
Median age (years) 65 (55-75) 66 (55-75)
Sepsis 115 (59%) 123 (63%)
SOFA score|| at enrolment
Total 10 (7-13) 10 (7-13)
Arterial pH 715 (7-11-7-18) 7-15 (7-09-7-18)
Pa0.-to-F0, ratio (mm Hg) 229 (142-355) 264 (144-403)
FaCO, (mm Hg} 37 (32-42) 38(33-42)
Serum bicarbonate (mmol/L) 13 (10-15) 13 (10-15)
Serum lactate (mmol/L) 5-3(3-4-9-0) 6-3(3-6-97)

Jaber S, et al. Lancet 2018
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Cumulative probability of survival (%)

20 -
p=0-09 p=0-0283
0 T T 1 I I |
0 7 14 28 0 7 14 28
Number at risk Days since inclusion Days since inclusion
Control group 194 115 103 89 a0 44 40 33
Bicarbonate group 155 131 117 108 92 58 52 50
100 —— Bicarbonate group
—— Control group
80 ° .
Conclusion:

6o BEXEHET7 R ABEICENT
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DR

Cumulative use of renal-replace ment the rapy (%)
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0 7 14 28

Days since inclusion
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et o o8 o o B Jaber S, et al. Lancet 2018
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Sodium bicarbonate therapy for patients with severe
metabolic acidaemia in the intensive care unit (BICAR-ICU):
a multicentre, open-label, randomised controlled, phase 3 trial

P. BERMET7ZIR—2R (pH<7.20) 2ELAERRABEEE(ERDRIE 655%)
I: pH7.302B#&1c4.2% XrO &35 IR0 S
C: ArOvi85EL

O: Primary: 28HLIAD 2T +7HEICH T IRGBEE

Control group (n=194) Bicarbonate group (n=195)

Age
Median age (years) 65 (55-75) 66 (55-75)
Sepsis 115 (59%) 123 (63%)
SOFA score|| at enrolment
Total 10 (7-13) 10 (7-13)
Arterial pH 715 (7-11-7-18) 7-15 (7-09-7-18)
Pa0.-to-F0, ratio (mm Hg) 229 (142-355) 264 (144-403)
FaCO, (mm Hg} 37 (32-42) 38(33-42)
Serum bicarbonate (mmol/L) 13 (10-15) 13 (10-15)
Serum lactate (mmol/L) 5-3(3-4-9-0) 6-3(3-6-97)

Jaber S, et al. Lancet 2018
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Boyd & Walley Current Opinion in Critical Care 2008; 14: 379-83.
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IMEREIE T 25| EFRIE40

TABLE 1. MEAN ARTERIAL BLOOD pH, PLASMA BICARBONATE
CONCENTRATIONS, AND FRACTIONAL SHORTENING OF THE
LLEFT VENTRICLE DURING SYSTOLE IN 10 PATIENTS
BEFORE AND AFTER CORRECTION OF KETOACIDOSIS.

AFTER
AT CORRECTION OF
VARIABLE BAsE LINE KETOACIDOSIS P VALUE*
mean =5D
Arterial blood pH 7.07=0.2 7.42+0.05 0.005
Plasma bicarbonate 6.9+49 22.8+2.6 <0.001
(mmol /liter)
Heart rate (beats /min) 104=20 98=+23 0.33
Left ventricular fractional 37.8£39 36.62.6 0.26

shortening (%)}

Maury E et al. NEJM 1999
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Clinical Question 2
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Clinical Question 2

W RERELETH ?

REIIDM/HTNED$» 372w B 1. CABGHRICZRZEHESEME
SR RIEKS00MIIESICT—RMELISERE LR LD, BEET

MmAE 87/54 WA 116 GCS (Intubation)

pH 7.24 HCO3 15 pCO2 36
Hb 8.4 TP 5.4 Alb 2.3
BUN 72 Cre 2.3 Na 131 K5.1 Cl 105

FERFNE A ERE R KETE
IVCE 14/6 mm
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Restrictive versus Liberal Fluid Therapy for Major
Abdominal Surgery

P: ®1 A% (ASA physical status class 2/3) iE2B 5 Fl i B E(FHFEIIE 665%)

HTZEE
BIME 60%. BEIIKZEE 15%. DAL 3.5%, PAD 6%. BIMEEE 7%
WAE 13%, CKD 7%. COPD 17%

I: Restrictive Fluid Therapy (flifiNet Fluid Balance =0, fli# 0.8 mi/kg/hr IVF)
C: Liberal Fluid Therapy (fii#10 mi/kg Bolus + 8 mi/kg/hr, fli{# 1.5 mil/kg/hr IVF)

O: Primary: MEF1FEFE
Secondary: 30H#AKI. 90H #RRT, Mm% + RIS+ T NES

Myles PS, et al. N Engl J Med 2018; 378: 2263-74.




Table 2. Blood Loss and Administered Intravenous-Fluid Volumes.*

Variable
During surgery
Median intraoperative blood loss (IQR) — ml
Median intraoperative fluid administration
(IQR) — ml
Crystalloid
Colloidi:
Median infusion rate (IQR) — ml/kg/hr
In PACUS
Median administration of fluid (IQR) — ml
Crystalloid
Colloidi:
Postoperative day 1, post-PACU
Median administration of fluid (IQR) — ml
Crystalloid
Colloidi:
Median infusion rate (IQR) — ml/kg/hr
At 24 hr after surgery

Median cumulative total for intravenous fluids
(IQR) — ml

Median fluid balance (IQR) — mlY

Median weight gain (IQR) — kg|

Restrictive Fluid
(N=1490)

200 (100 to 400)

1677 (1173 to 2294)
500 (250 to 800)
6.5 (5.1 to 8.4)

160 (90 to 302)
400 (250 to 500)

1556 (1200 to 1960)
500 (250 to 1000)
0.9 (0.7 to 1.2)

3671 (2885 to 4880)

1380 (540 to 2338)
0.3 (-1.0t0 1.9)

Liberal Fluid
(N=1493)

200 (100 to 500)

3000 (2100 to 3850)
500 (400 to 1000)
10.9 (8.7 to 13.5)

300 (160 to 500)
500 (250 to 500)

2600 (2052 to 3150)
500 (400 to 750)
1.5 (1.2t 1.7)

6146 (5000 to 7410)

3092 (2010 to 4241)
1.6 (0.0 to 3.6)

P Value

0.147

<0.001
0.01
<0.001

<0.001
0.27

<0.001
0.89
<0.001

<0.001

<0.0017
ND

Myles PS, et al. N Engl J Med 2018; 378: 2263-74.



Figure 1. Probability of Freedom from Death or Persistent Disability 1 Year

after Surgery.
1.00-
Liberal fluid
K —
2 _
2 0.80 S A
a Restrictive fluid
8
=
2 0.60+
F
®
-
95 0.40
> Table 3. Primary and Secondary Outcomes.*
=
E 0.20 Restrictive Fluid Liberal Fluid Hazard or Risk Ratio
5 Outcome (N=1490) (N=1493) (95% CI)f P Value
o .
Primary outcome
0.00-—— Disability-free survival at 1 yr— no. (%) 1223 (81.9) 1232 (82.3) 1.05 (0.88-1.24) 0.61
0 30 Death or persistent disability — no. 267 261
Death 95 96
Persistent disability 172 165
Secondary outcomes|
Composite septic outcome or death — no./total no. (%6)9  323/1481 (21.8)  295/1487 (19.8) 1.10 (0.96-1.27) 0.19
Surgical-site infection — no./total no. (%) 245/1481 (16.5)  202/1487 (13.6)  1.22 (1.03-1.45)
Sepsis — no. total no. (%) 157/1481 (10.6)  129/1487 (8.7) 1.22 (0.98-1.52) 0.08
Anastomotic leak — no./total no. (%) 49/1481 (3.3) 35/1487 (2.4) 1.41 (0.92-2.16) 0.12
Pneumonia — no./total no. (%) 54/1481 (3.6) 57/1487 (3.8) 0.95 (0.66-1.37) 0.79
Acute kidney injury — no./total no. (%)** 124/1443 (8.6) 72/1439 (5.0) 1.71 (1.29-2.27) <0.001
Renal-replacement therapy — no. ftotal no. (%) 13/1460 (0.9) 4/1462 (0.3) 3.27 (1.01-13.3) 0.048|
Pulmonary edema — no. /total no. (%) 20/1481 (1.4) 32/1487 (2.2) 0.63 (0.36-1.09) 0.10
Unplanned admission to ICU — no. /total no. (%) 161/1487 (10.8)  145/1491 (9.7) 1.11 (0.90-1.38) 0.32
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘ F a CTT

Fluid and Catheter Treatment Trial

Comparison of Two Fluid-Management

Strategies in Acute Lung Injury
N Engl ] Med 2006;354:2564-75.

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

Furosemide ‘ Fluids

Unless: MAP < 60 OR
Low flow by exam or Cl 2.5 OR
Oliguria and CVP or PAOP low

TN

Unhn Clz4.50R
F.nzznr

CVP 10-14
o FAI.'}F' 14-18

CVP <4
_PAOP <8

Consewative
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Volume responsive AKI ??

Renal Perfusion Pressure Dependent
Functional AKI

!

Pressure > Volume

Pressure = M, [M&iE, B IME 5l



Cerebral edema

i:: Impaired cognition

Delerium

FREBRIS 2 R
IcBREEERS

Myocardial edema

Pulmonary edema

Conduction disturba
Impaired contractility
Diastolic dysfunction

Impaired gas exchange
Reduced compliance
Increased work of breathing

Increased renal venous pressure

Hepatic congestion Renal interstitial edema

t Impaired synthetic function
Cholestasis

|—- Reduced RBF
Llrncreased interstitial pressure
Reduced GFR

\_lliremia
Salt & water retention

Gut edema Tissue edema

] Impaired lymphatic drainage
:Tlalabsorptlon Microcirculatory derangements
eus

Prowle, J. R. et al. Poor wound healing

Wound infection

Nat. Rev. Nephrol. 6, 107-115 (2010) Pressure ulceration
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A rational approach to fluid therapy in sepsis.

Paul Marik & Rinaldo Bellomo
British Journal of Anaesthesia 2016; 116: 339-49

initial resuscitation of patients with septic shock should logically
include at most 500 ml boluses of crystalloid (Ringer’s lactate), to a
maximum of about 20 ml kg '."** Ideally, fluid resuscitation
should be guided by the determination of fluid responsiveness.™ "

60 14 5000 - o
—e— Fluids 0-72 h Rivers et al.
504 —e— Mortality 12 45004 °
Jones et al.
40+ 4000+
32 10
2 @ =
® 30 £ o 3500
= 8 2 R?=0.84
20+ = 3000 -
TR
i Jansen et al.
10+ 2500
OMISE
0 T T T T T 4 2000 - °
Rivers  Jansen ProCESS ARISE PROMISE ARISE
APACHE I 21 24 21 15 18.7
1500 ‘ T T 1
11 12 13 14 15
Fig 2 Fluid administered between enrolment and 72 h and 90-day mortality CVvP
in the control arm of the Early Goal Directed Therapy (EGDT) Studies
performed between 2001 and 2015. APACHE II=APACHE II Severity of . . s
illness scoring system (0-71). Fig 3 Fluid administered between enrolment and 6 h and central venous

pressure (CVP) at h in the Early Goal Directed arm of the EGDT studies
performed between 2001 and 2015.



A rational approach to fluid therapy in sepsis.

Paul Marik & Rinaldo Bellomo
British Journal of Anaesthesia 2016; 116: 339-49

“From an evolutionary point of view,
Humans have evolved to deal with hypovolemia and not hypervolemia.”

X BEETRIEXRKHAIRNBEIRSEL
= IEPKDOEBEIHAOTSE. GFRYME -FBEL2HIFITIATLAHIRE
= L2 TPoOAT oo 0FRINVI)TLV e (LEE
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Normal Human Values
(Both Kidneys)

EBF = 1200 ml/min
. Filtration RPF = 685 ml/min
\ P, GFR = 130 ml/min
O FF = GFR/RPF =0.19
Reabsorption
Pl
Afferent © Glomerular:  Efferent |'1.'l;lI|'HI‘|—1'II .
Arteriole © Capillaries | Aneriole | Capillaries : Veing ™

R, = P, - P,/ RBF

L= (100

¥

541200 R =(54

R, =P, - P/ RBF - GFR

18)/(1200 ~ 130)

R, = Afferent arteriolar
resistance

Rp = Efferent arteriolar
resistance

Py, = Renal arteral
pressure

P,= Glomerular
pressure

P.= Perntubular
capillary pressure

RBF = Renal blood flow

RPF = Renal plasma
flow

FF = Fltration fraction

http://www.slideshare.net/drnkvet/renal-
haemodynamics
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Best MAP to prevent septic AKl is 72-82 mmHg

(Early Goal Directed Therapy EGDT

NEJM 20010 B )

90
85 857
80 T 807
. . 1 75
Patients without ™ -
70 ]
AKI at H6 ]
65
60 607
s 25 ——————————————————————
H1 H& H12 H18 H24 H1 H6 H12 H18 H24
Number of patients o :53 &3 &3 53 53 53 53 53 53 53
at each time point = ;1 11 10 g 8 1 11 10 g 8
a0 S N N R N d E 90_ T S T T S T T S S
85 1 857
80 ] 801
; . 1 757
Patients with ’° _
70 7 70
AKIl at H6 o 85+
60 607
55~ — . . — — — Sl
H1 HB H12 H18 H24 H1 H8 H12 H18 H24
Number of patients o : 30 38 38 38 EN 38 38 38 a8 37
at each time point = :25 25 23 18 14 25 25 23 19 14

MAP (mmHg) averaged from H1
to each time point

Critical Care 2011, 15:R135

Hourly MAP (mmHg) at each time
Point from H1 to H24



Best MAP to reverse Hepatorenal Syndrome is
>A 10 (> 85) mmHg

7-Day Absolute Change in Serum Creatinine vs. 7-

.'?'?_ e Day Change in MAP
ub
E 2.0
@ 1.5 4 . Weighted rho =-0.76
‘C 1.0 - i . p<0.001
£ o .
o 0.5 -
S . o ®
= 0.0 . Py
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o . -
£-15 . 5
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7-Day Change in MAP (mmHg)
Velez JCQ, Nietert PJ. Am J Kidney Dis 2011; 58: 928-38.



SEPSISPAM Trial

The NEW ENGLAND
]OURNAL of MEDICINE

TABLISHED IN 1812 APRIL 24, 2014 VOL. 370 NO. 17

High versus Low Blood-Pressure Target in Patients with Septic Shock

CONCLUSIONS

Targeting a mean arterial pressure of 80 to 85 mm Hg, as compared with 65 to
70 mm Hg, in patients with septic shock undergoing resuscitation did not result in
significant differences in mortality at either 28 or 90 days. (Funded by the French
Ministry of Health; SEPSISPAM ClinicalTrials.cov number, NCT01149278.)

BMmAE B EFICHLT, FHIMAE 65-70 mmHg (CEEEL .
80-85 mMmHg (313N AFRTICBEELELMIE|O oL,



SEPSISPAM Trial

N Engl | Med 2014;370:1583-93. ERE0E R M EMAPEIZE = 75 mmHg
E ﬁﬂ a0

EY) 65i%

HFE
IDAZE 15%. BRI OEER 10%
DM 21%. CKD 7%. =IMFE 45%

85+

20

754 31

EIIREE{LV AV &< 8% N [T

Mean Arterial Pressure (mm Hg)

Days

Outcome Low-Target High-Target
1HNAET 34.0% 36.6% 0.57
S mE 52.0% 38.9% 0.02
sCr 2f&{t
MAEIEE# 33.0% 38.5% 0.32
. 1S 14 = A2+ 42.2% 34.8% 0.046
RRTEA
I FE 1E % 8% 30.7% 34.8% 0.36

1814 & A B ARTE(L DB TIEMAPIZ85 mmHgDFEHE FERF



Clinical Question 3
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BAZBEDRKEJIBPINSLON?

My Doctor Said I Should Drink a Lot! Recommendations for

Fluid Intake in Patients with Chronic Kidney Disease
Ulrich O. Wenzel,* Lee A. Hebert," Rolf A.K. Stahl,* and Ingo Krenz*
*Department of Medicine, Division of Nephrology, University Hospital Hamburg-Eppendorf, Hamburg, Germany; *The
Ohio State University, Columbus, Ohio; and *Outpatient Clinic for Nephrology and Dialysis Schlankreye, Hamburg,

Germany
Clin | Am Soc Nephrol 1: 344-346, 2006. doi: 10.2215/CJN.01140905

« RE. MBERZDHEOAIBRKELZIZCLTE, BIRDPR<LSRTITHL

« WMEICELOTR. RENDBSTLBEMERLICHENHZEENSD (MDRDEER)
BERIEHAPADPKDLE, RIEMIRKARVKRIE S <HELL.

« BFNIVLMIELEDIVARAIHEL
o TRATL=S, BEERITEEICRRCIEETALKRTY.

e, 7=7—DFHVEELOBVESELER RS ENIRIETIE. CEDHIC
KefifaLEL&LD. |



BAZEEOMKEIIEOIANELON?
JAMA | Original Investigation
Effect of Coaching to Increase Water Intake on Kidney
Function Decline in Adults With Chronic Kidney Disease
The CKD WIT Randomized Clinical Trial

Mean (SD)
Hydration Group Control Group Mean Difference
(n = 291) (n = 299) (95% CI)® P Value®
Urine volume, L/d
Prerandomization 1.9 (0.6) 1.9 (0.6)
6 Month 2.5 (0.9) 1.9 (0.6)
12 Month 2.5 (0.8) 1.9 (0.7)
12-Month change (95% Cl) 0.6 (0.5 to 0.7)° -0.04 (0.0 to 0.1)° 0.6 (0.5 to 0.7) <.001
Self-reported fluid intake, L/d
Prerandomization 2.1 (0.8) 2.0 (0.7)
3 Month 2.8 (0.9) 2.0 (0.6)
6 Month 2.8 (0.8) 2.1 (0.7)
9 Month 2.8 (0.8) 2.0 (0.6)
9-Month change (95% CI) 0.7 (0.6 to 0.8)° 0.0 (-0.1 to 0.1)° 0.7 (0.6 to 0.8) <.001

Mean (95% CI)

Hydration Group Control Group Adjusted Between-Group Difference
eGFR, mL/min per 1.73 m? (n=311) (n = 308) in Change® (95% Cl) PValue
Prerandomization 433 (42.1t044.9) 43.6 (42.6t0 44.7)

12 Months 41.0 (39.5 to 42.6) 41.7 (40.3 to 43.1)
Change -2.2(-3.3to-1.1)" -1.9(-2.9 to -0.9)° -0.3(-1.81t01.2) 74

JAMA. 2018;319(18):1870-1879. doi:10.1001/jama.2018.4830
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GFR 100 ml/min =150 L/day
Urine output = 1.5 L/day
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ORIGINAL ARTICLE

ORIGINAL ARTICLE

Balanced Crystalloids versus Saline
in Critically Il Adults

P:ICUAZRE

(EFERPR(E 587%. 58% Male)

Sepsis 15%, BAEBIME 9%, CKD 17%
AT 35% HEF 26%

I: FLERV SN

C: &R

O: Composite Kidney Outcome

(Death + Renal Replacement Therapy
+ Persistent Cr 1 by 100%)

Semler MW, et al. N Engl J Med 2018; 378: 829-39.

Balanced Crystalloids versus Saline
in Noncritically Il Adults

P: Non-ICUABREE
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Figure 1. Development of Stage 2 or 3 Acute Kidney Injury (AKI) While in the Intensive Care
Unit (ICU)
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ORIGINAL ARTICLE

Fresh Fruit Consumption and Major
Cardiovascular Disease in China
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