Fluid management of severe
malaria in adults
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Hypovolaemia is universal
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Effect of acidosis and AKI on mortality in SEAQUAMAT
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To the Editor of Tux Laxcer.

1. The blood drawn in the worst cases of
the cholers, is unchanged in its anatomical
or globular structure.

!. It has lost a large proportion of its
water, 1000 parts of cholers sefum having

but the sverage of 860 parts of water,

8. It has lost also nmw#m.

NEUTRAL salinei

4. Of the free alkali containedin healthy
m,nﬂipmﬂdlumtmmchhm,l

:ases, and barely a trace in others.*
May 1 add, that until the publication of

my report, I .shall déem the lqtpouuan of -

discussion on the results now introduced
as a matter of personal courtesy and nbh-
gation, I am, Bir,
Your obedient servant,
W.B. ﬂ'ﬂnuuuum‘r M.D.
London, 29 December, 1831.
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His first patient was an elderly woman who had been
given ‘all the usual remedies’ and who had ‘apparently
reached the last moments of her earthly existence.

Latta inserted a tube into the basilic vein and injected
ounce after ounce of fluid ‘soon the sharpened features,
and sunken eye, and fallen jaw, pale and cold, bearing
the manifest imprint of death’s sighet, began to glow
with returning animation; the pulse returned to the
wrist...".

In the space of thirty minutes after six pints of fluid had
been injected, the woman announced in a strong voice
that she was now ‘free from all uneasiness’.




GUIDELINES FOR
MANAGEMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

L
l\.{&,'?},:ﬁ Surviving Thisis s summary of the Surviving Sepsis
b / Bepsis Campaipn International Guidelines for Man ape-
MPaIGN ment of Severe Sepsis and Septic Shack: 2008,
eondensed from Delinger BT, Levy MM, Carlet |M, e al: Surdsing
Saepis, Campaign: International guidefines for management of severs
sepsic and seplic shock. Intensive Cam Medicine (2008 34 53-60
and ChtCam Med 2008; 3601) 2946327, This version does nol contain
the rationale ot appendices tomained inthe primary publicaion. The
S5C puidelines do not cver svery aspect of managing critically il
patients, and their application should be supplemented by generic
best practice and specilic traatment as required. Please mier i the
guidelines for additional infomation &l wes. Surviving Sepsis.ong

Steength of recommendation 2nd quality of eviden ce have been 2xsessed
using the GRADE crteda, presented in bckets after sach guiddine
For added clarity:
# Indices 2 Smng recommendation or "w e renmmend”
Findiates 2 weak moommendation or "we sugges”

55 GUIDELINES HAVE BEEW ENDORSED BY
American Asso datlon of Critical-Jare Nurses
American College of Chest Physicans

American College of Ememy ency Physicens
Conadian Crithosl Care Soc

European Sodety :fcuut:ﬂ.ﬂb'ﬂb.lﬂhg}' and infrcbou s Dise ses
European Sodety of |ntenshe (o Medi cne
Respiratory Soc,
dndian Society of Criticel o Medi dne
internastional Sepsis Formm
Jepan&e Assodation for Acute Medid ne
lepen&e Sociely of lneasihe Care Medicing
Society of Critiosl Core Medicine
Surgical infection Soclely
World Fed ewshlon of Critical Gore Nuses
World Fedemstion of Sodeties of inten shie and Cdtloal Com Medicine.

Forticipation and endorsement by German Sepsis Sodety

ond Lo Amerimn Sepsis loshitule.
The Surviving Sepsis Compaign is @ oollsbosstion of the Fus pesn Sodely of
intensive Com Medicn g the lntem stlonsl Sepsis Forum, snd the Sadety of
Crition] Core Medicine.

Societyoe -ﬁ-
Crtical Care Madicina

SEPsls  |enuary 3esd

# Biegin resusdtation immediatelyin patients with hypotension or eleated
serum baciate (lammal/L; do not delay pending MU 2 dmission. 3
#* Resuscitafion poals 4
+ Centalvenoes precs e {OVF) &= mm HE®
+ M ariedal poecome 65 mm Hy
# Ll e ousipeed 05 MLy B
+ Contalvenoes (Separionyma Cva) e saleaiom 270,
o iy et 2555
- Fwenous 0, satumlion tarpet not achieved: .,
¢ nSiche T e i
& T ek & Pt e Edaend] ol BTl 0 Bl 00008 O 2 30
@ o
* it mine infetion M) 10 g g mine

* A Bighat tanpet OVF of 1315 MmEg s recommendad i the paseac b of meckanical
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Diagnosis

* i0ib =i n appwo priate ouliures before staring anfi biotics provided this dojf
nat significantly delay antimi crobial administotion.,,,
& (HELE e T v 00 Mt Bdaned a5 (905
(1 4 VT 0 B 6 sl ol IS i
& Qo BCioan 3o vas Oslar 3008EE v icE i pROE (R4S Roa
& Cilnee of B SR 35 Cni 2y il aed

# Perform imaging studies promptly in arder to confirm and =ample any
source of infection if safe todo 0. g

Antibiotic therapy

# Begin imovenous antibiotics 25 early 25 possible, and alweys within the
fiiest hourof reco gnizing severe sepsis o p, and septic shode.

# Broad-spedrum: one or more apents adive agains loeky badedial fungal

pathopens and with good penetration info prsumed soume. (&)

# Bezssess anfimicmbial regimen daily 1o opfimize eficacy, prevent resiss-
ance, avaid toxicity, & minimire m=s. ;o

- Consider com bination therapy in Pseudomonas infedions bl

-+ Comsider com bination empiic therapy in nevirapenic patients. gl

» (ombination thezpyno mome than 3= days and de-escailation following
susreptibilifies.

# [uration of therapy typically i mited to 7-10 days; longerif response slow,

un drainab e foci of infedion, or immunelogic deficiencies. g
# Stop antimicrobia | theo py if cause is found to be non-infecSiows. j5

Source identification and comtrol

# A spedfic anatomic site ofinfedion should be established 25 rapidly 2=
possibley g and within the firg & hours of preseniation. ;o

* Fomma liy e aluate patient for 2 foo s of infecfion amen able to source
omiml mezsures {eg: absoess drainage, fssve debridement]. 5

* implement source contral mezsues 25 soon 25 possih e following
suoressiul initi al msascitaion. oo
' Excepfion: infeded pancreatic necmsis, where surgical infervention

P e i tvs.ou lar 2 coess. deviices i f po tentiall yinfected . o\

# Pluid-resu seitate using crpstal loids or calloids.

* Target a OVP of = Smmilg (=wzmm iy if medhanically ventil2ded]. ;g

* Uze 2 fluid challenge techniqu e while 2550 dated with 2 hemod ynamic
improwement.

* Givve fluid challenges of 1ooo ml of crystallids or 300500 mLof ool
loids over 30 minwies. More rapid and Largervalumes may be requied
in sepsis-induced fissue hypoperfusion.

# Rate of fluid 2dministration should be reduced if cardiac filling press

increzse without concurment hema dynamic imp o vement. yq

# Epinephrine, phenylep hrine, or sesapresin should not be adminis-
tered 25 the initial vasopresorin septic shode g oy
' O S 0L0r] iR i iy et pekeorgeenly Jdded Do morepinaepd i
Witk anticizaton of am et egul Jend 1o Rom pine phaine 2loas.

' Use epinephrine 2= the fist alemafve agentin septic shadk when
blood presture is pocrly responswe to norepinephsine or dopamine. ;. m
# Do not use bow- dose d opamine forrena | protedion. ju)
* in pafients requiring wasopressaors, insertan arferial catheter 25 soon
25 pradical (B

Inotropic Hherapy

* Use dobutamine in patients with myo cardial dysfunction 25 supparted
by elevaied cardiac filling pressures and low cndiac output.

* o notinorezse ardiacindex fo predetermine d supranomal levels. ;8




Fluid therapy

# Fluid-resuscitate using crystalloids or colloids. g
4 Target a CVP of =8mmHg [Elzrnran if mechanically ventilated). )
*'USE a fluid challenge techniatre-white-associated with a hemodynamic

Give fluid challenges of 1000 mL of crystalloids or 300-500 mL of col®
loids over 30 minutes. More rapid and larger volumes may be required
in sepsis-induced tissue hypnperfusinn (4D)

increase withoufTr
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Figura 2.3 Algorithm for fluid management in by polensive sheck
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Direct In Vivo Assessment of Microcirculatory
Dysfunction in Severe Falciparum Malaria

A. M. Dondorp,'? C. Ince,! P. Charunwatthana,? J. Hanson,? A. van Kuijen,! M. A. Faiz® M. R. Rahman,®* M. Hasan,®
E. Bin Yunus® A. Ghose,® R. Ruangveerayut?® D. Limmathurotsakul 2 K. Mathura,! N. J. White ** and N. P. J. Day**
'Department of Physiology, Academic Medical Centre, Amsterdam, The Netherlands; ZFaculty of Tropical Medicine, Mahidol University, Bangkok,
and 3Mae Sot Hospital, Mae Sot, Tak Province, Thailand; * Centre for Clinical Vaccinology and Tropical Medicine, Nuffield Department of Clinical
Medicine, John Radcliffe Hospital, University of Oxford, Oxford, United Kingdom; * Dhaka Medical College, Dhaka, and ® Chittagong Medical
College Hospital, Chittagong, Bangladesh
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A quantitative ultrastructural study of renal pathology in fatal
Plasmodium falciparum malaria

Sudarat Nguansangiam"z, Nicholas P. J. Day3'4, Tran Tinh Hien’, Nguyen Thi Hoang Mai®, Urai Chaisri', Mario
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Measures of Capillary Permeability in Acute Falciparum Malaria: Relation to
Severity of Infection and Treatment

T. M. E. Davis, Y. Suputtamongkol, J. L. Spencer,
S. Ford, N. Chienkul, W. E. Schulenburg,
and N. J. White

From the Faculty of Tropical Medicine, Mahidol University, Bangkok,
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Predictors of Mortality in Severe Malaria:
Year Experience in a Non-Endemic Area
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Third Edition
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Management

If there is evidence of dehydration:

Give only isotonic fluid (0.9% saline) by slow

iIntravenous infusion to restore the circulating

volume, but avoid circu
rapidly precipitate fatal

atory overload, which may

oulmonary oedema.




So can you give enough fluid to
improve the acidosis and AKl in
severe malaria, without precipitating
pulmonary oedema?




Fluid Resuscitation of Adults With Severe Falciparum
Malaria: Effects on Acid-Base Status, Renal Function,
and Extravascular Lung Water

Josh P. Hanson, MBBS'; Sophia W.K. Lam, MBBS'; Sanjib Mohanty, MD?%* Shamshul Alam, MD?
Rajyabardhan Pattnaik, MBBS? Kishore C. Mahanta, MD?* Mahatab Uddin Hasan, MD?;
Prakaykaew Charunwatthana, MD'; Saroj K. Mishra, MD? Nicholas P.J. Day, MD";

Nicholas J. White, MD"*; Arjen M. Dondorp, MD"*




In this study

ICU patients
Severe acidosis (base deficit >6mEqg/L)
Acute Kidney Injury (BUN >60mg/dl)

Received a median of 3360 mL of N saline in
the 15t 6 hours & 5900 mL in the 1% 24 hours
guided by invasive measures of volume status




PICCOplus setup

Injectate temperature PICCO plus
/ sensor housing
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Pressure cable

Central Venous
Catheter

# PULSION

Injectate temperature sensor cable

Temperature interface cable
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PULSION disposable pressure transducer

PULSIOCATH thermodilution
catheter




Bolus
Injection

Right Heart

Left Heart

PICCO Catheter
e.g. in femoral
artery
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CI (Ifmin/m?) r <30 _‘
GEDI (mlim?) <700 =700
or ITBI (mlim?) r <850 r> 850 1
] ELWI (ml/kg) <10 =10 <10 =10
N A
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1.GEDI (ml/m?) >700 700-800 =700 700-800
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_ r,=0.38 p=0.05

More dehydration
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- r,=0.55 p<0.003

More sequestration
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) - r.=0.11 p=0.59
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AKI in the study

Median (IQR) blocked capillaries on admission

AKI during hospitalisation 30% (7-36)

No AKI during hospitalisation 6% (1-18)




Fluid responsiveness in severe malaria

e 26 patients received 81 fluid boluses of
>500ml|

e The patient was fluid responsive on 23 (28%)
of these occasions




Starling curve

Cardiac
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Preload (intravascular volume)




Starling curve
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Preload (intravascular volume)
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Post resuscitation

_ r,=0.49 p<0.01

More dehydration
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Post resuscitation
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Median (range) 3360 (1035-7070) over the first 6h
Median (range) 5900 (1985-13720) over the first 24h
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28 patients
enrolled
_ —Y
it 7 acidotic 1CPE, ARF
. 1 __ "  —

2 developed | X |3 developed developed| |2 aspiration eloped Both
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3 dev
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Impact of extravascular lung water index on
outcomes of severe sepsis patients in a medical
intensive care unit

Fu-Tsai Chung®', Shu-Min Lin®", Shinn-Yn Lin®%9, Horng-Chyuan Lin®*
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EVLW

-I— Large increase in EVLW
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Small mcrease in GO

Large increase in GO
Small increase in EVLW
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Sepsis in Eurc

study* g =  clinical investigations in critical care
Jean-Louis Vincent, M gj High Tidal Volume and Positive Fluid
il Balance Are Associated With Worse

Acutely Ill Patients Inve Outcome in Acute Lung Injury*

Researc

Pulmonary artery catheter versus pulse contour analysis: a

prospective epidemiological study
Shigehiko Uchino?!, Rinaldo Bellomo?, Hiroshi Morimatsu3, Makoto Sugihara®, Craig French?d,

An observational study fluid balance and patient outcomes
in the randomized evaluation of normal vs. augmented level of

replacement therapy trial*
The RENAL Replacement Therapy Study Investigators

Objective: To examine associations between mean daily fluidl was —1941 vs. +1755 mL (p = .0003). A negative mean daily
balance during intensive care unit study enroliment and clini- fluid balance during study treatment was independently associ-
cal outcomes in patients enrolled in the Randomized Evaluation ated with a decreased risk of death at 90 days (odds ratio 0.318;
of Normal vs. Augmented Level (RENAL) replacement therapy 95% confidence interval 0.24—0.43; p < .000.1) and with in-
study. creased survival time (p < .0001). In addition, a negative mean

[ al WY R B 1 L - L 1. . iL | i s 1




Micek et al. Critical Care 2013, 17:R246
http://ccforum.com/content/17/5/R246

C, CRITICAL CARE

RESEARCH Open Access

Fluid balance and cardiac function in septic shock
as predictors of hospital mortality

Scott T Micek', Colleen MCEVD}’E, Matthew McKenzie', Nicholas Hamptana, Joshua A Dr::lherty4 and Marin H Kollef*

Abstract

Introduction: Septic shock is a major cause of morbidity and mortality throughout the world. Unfortunately, the
optimal fluid management of septic shock is unknown and currently is empirical.

Methods: A retrospective analysis was performed at Barnes-Jewish Hospital (St. Louis, Missouri). Consecutive pa-
tients (n=325) hospitalized with septic shock who had echocardiographic examinations performed within 24 hours
of shock onset were enrolled.

Results: A total of 163 (50.2%) patients with septic shock died during hospitalization. Non-survivors had a
significantly larger positive net fluid balance within the 24 hour window of septic shock onset (median (IQR):
4374 ml (1,637 ml, 7,260 ml) vs. 2,959 ml (1,639.5 ml, 4,769.5 ml), P= 0.004). The greatest quartile of positive net




1% Quartile
2" g yartile

3 Quartile

. 4" Quartile

Survival

Median (IQR) fluid load in first 24 hours
Survivors 2959 (1639- 4769)
Non-survivors 4374 (1637-7260)




Pulmonary blood
vessels 12%

Systemic arteries
and arterioles 15% Heart 8%

Capillaries 5%




Effect of volume loading with 1 liter intravenous infusions of 0.9%
saline, 4% succinylated gelatine (Gelofusine) and 6% hydroxyethyl
starch (Voluven) on blood volume and endocrine responses: A
randomized, three-way crossover study in healthy volunteers

Dileep N. Lobo, DM, FRCS; Zeno Stanga, MD; Mark M. Aloysius, MRCS; Catherine Wicks, BMedSci, BM, BS;
Quentin M. Nunes, MRCS; Katharine L. Ingram, FRCA: Lorenz Risch, MD, MPH; Simon P. Allison, MD, FRCP

p values: S vs. G <0.0001,
Svs. V<0.0001,Gvs. V=0.70
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Jacob et al. Critical Care 2012, 16:R86
http://ccforum.com/content/16/3/R&6
‘: CRITICAL CARE

RESEARCH Open Access

The intravascular volume effect of Ringer’s lactate
s below 20%: a prospective study in humans

Matthias Jacob'™", Daniel Chappell'!, Klaus Hofmann-Kiefer', Tobias Helfen', Anna Schuelke', Barbara Jacob',
Alexander Burges?, Peter Conzen' and Markus Rehm'




Fluid resuscitation in severe malaria

s hypovo
Does fluic
s hypovo

Does fluio

aemia strongly linked

to acidosis?

loading improve acidosis?

aemia strongly linkec
loading improve AKI?

to AKI?

s sequestration linked to acidosis?
s sequestration linked to AKI?
Does fluid loading improve sequestration?

Does the fluid go and stay where we want it to?
Does fluid loading increase risk of complications?




If the BP and urine output are OK,
why are we giving this fluid?

What do we want our fluid to
do?
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Mortality after Fluid Bolus in African Children with Severe Infection
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Relative risk (95%) 1.59 (1.10-2.31)

Albumin bolus
Saline bolus
No bolus

Patients in the “no bolus” arm received
a median (IQR) of 10.1 (10-25)ml/kg
over the first 8 hours of their hospitalisation




Does the patient have a
Hb<7g/dL or MAP<65mmHg
with evidence of decreased

perfusion?

MAP <65mmHg

Cautious fluid boluses
Inotropes
Exclude bleeding/ sepsis
Empiric broad spectrum
antibiotics

Fiuid boius:
5ml/kg over 15 mins
and reassess

Hb<7g/dL

Transfuse packed

Does the patient have
APO
or a urine output
<0.5ml/kg/hour?

cells/whole blood

No IV fluid Fluid bolus trial
Positive airways pressure, If no response
oxygen, diuretics consider RRT

Anuria

Crystalloid 1-2ml/kg
titrated against BP and
Urine output
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Severe falciparum malaria: An important cause of multiple organ
failure in Indian intensive care unit patients

Anand Krishnan, MD; Dilip R. Karnad, MD

Objectve: To study the incidence and severity of muliiple
organ dysfunction in severe falciparum malaria.

Design: Prospective, observational study.

Sefting: Intensive care unit of a terfiary care university hospital.

Patienis: Three hundred one consecutive patients with severe
falciparum malaria admitted during the 30-month study period.

Interventions: Daily assessment of clinical and biochemical
variables required for calculating the Sequential Organ Failure
Assessment (S0FA) score.

Measuremenis and Main Reswlts: Central nervous system fail-
ure was present in 121 patients (53 deaths). Renal failure oc-
curred in 91 patients (48 deaths), and 33 required dialysis. Severe
thrombocytopenia occurred in 114 patients (seven required plate-
let transfusion), and 19 patients had thrombocytopenia and dis-
seminated infravascular coagulation; all required component
therapy; 229 patients received blood transfusion for severe he-
molytic anemia. Hepatic failure occurred in 77 patients (38
deaths). Respiratory failure developed in 79 patients and carried
the worst outcome (70 deaths). it occurred later in the course of
the illness (mean, 3.1 days; p < .{H) compared with cerebral,
renal, and coagulation failure (mean, 1.3—2.3 days). Regardless of

the organ system involved, only 11 of 172 patients with one or no
organ faillure died (6.8%), whereas mortality rate increased fo
48.8% in 129 patients with multiple organ failure. Other abnor-
malities associated with poor outcome included seizures in 54
patients (56% mortality rate), metabolic acidosis in 167 (40%
mortality rate), hypoglycemia in 88 (39% mortality rate), and
hemoglobinuria in 190 (33% mortality rate). Sixty patients had
quinine toxicity requiring dosage reduction. Bacterial sepsis oc-
curred in 39 patients (35 deaths) and accounted for 85% of deaths
occurring after day 7. Twenty-three pregnant women had no
significant difference in outcomes. Overall mortality rate was
24.6% (31 patients, 74 deaths).

Conclusions: Malaria is an important cause of multiple organ
failure in India. Mortality rate is 6.4% when one or fewer organs
fail but increases to 48.8% with failure of two or more organs.
However, outcomes are better than for similar degrees of organ
failure in sepsis. (Crit Care Med 2003; 31:2278-2284)

Key Woens: Plasmodivm fakipamunr, cerebral malaria; acute
renal failure; acute respiratory distress syndrome; hepatitis; mul-
tiple organ dysfunction syndrome; parasitic diseases; bacterial
sepsis; tropical diseases




