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Introduction
Sepsis continues to be a major cause for intensive care 
unit admission and mortality in the developed and 
developing world. In fact, as much as 20-30% of admis-
sions in ICU have severe sepsis1. Fluid therapy either 
alone or in combination with vasopressors continues to 
be among the mainstays of management of patients 
with septic shock. However till date there remains 
considerable debate regarding the targets and 
endpoints of fluid resuscitation, ideal fluid to be admin-
istered, heamodynamic goals to be achieved and 
quantity of fluid to be administered.

A landmark study by Rivers et al2 advocated early goal 
directed fluid therapy in the initial six hours of septic 
shock targeting specific hemodynamic endpoints of 
central venous pressure, mean arterial pressure, urine 
output and central venous oxygen saturation to reduce 
mortality and severity of organ dysfunction.This led to 
adoption of guidelines targeting aggressive fluid resus-
citation in sever sepsis patients in the subsequent 
surviving sepsis guidelines. However more recent trials 
published since then (ProCESS, ARISE, ProMISe) have 
reported no mortality benefit with early  goal directed 
fluid therapy3-5. The increased de-emphasis on central 
venous pressure guided fluid therapy had led to 
revision of the 6-hour bundle in septic shock6. This 
review attempts to have a relook at the emerging 
evidence regarding fluid resuscitation in sepsis 
patients, and tries to highlight the latest areas of 
research and controversies.

Monitoring fluid responsiveness
The goal of fluid resuscitation in septic shock patients is 
to optimize cardiac output and organ perfusion. While 
suboptimal fluid resuscitation in severe sepsis patients 
can worsen end organ dysfunction and increase 
vasopressor requirements, excess of positive fluid

balance can also have deleterious consequences6,7. 
Hence researches have focused on finding the subset of 
patients with sepsis who would benefit the most from 
fluid resuscitation,the so called “fluid– responders”. 
Fluid responsiveness has been defined as  those 
patients who would respond with a 10-15% increase in 
cardiac output following 250 ml or 3ml.kg-1 of crystal-
loid infused over 10-15 minutes8. Patients who respond 
positively can be given additional boluses  of fluid till 
the response is attenuated. Alternatively a mini fluid 
challenge test, which involves infusing 100 ml of 
crystalloid over 1 minute, can also be used10. It has 
shown good sensitivity and specificity of 95% and 78%, 
respectively, with an area under the receiver operating 
characterizing curve (AUC ROC) of 0.92 [95% confi-
dence interval (CI): 0.78– 0.98].

Static Parameters
Historically central venous pressure was used to guide 
fluid therapy. However, subsequent evidence found 
central venous pressure to be a very poor indicator of 
volume status and requirement of fluid therapy10. The 
use of Pulmonary artery catheterization has shown a 
steady decline owing to its invasiveness and complica-
tions associated with its use11. The major criticism of 
static parameters is their inability to predict whether 
the heart is operating on the steep or flat position of the 
Frank-Starling’s curve.

The poor reliability of static parameters in assessment 
of volume status has generated increased interest in 
research and clinical application of dynamic indices of 
fluid responsiveness to guide fluid therapy in the septic 
patient.

Dynamic Parameters
Dynamic indices of fluid responsiveness rely on the 
heart lung interactions that occur during the respiratory 
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cycle. The inspiratory increase in intrathoracic pressure 
during positive pressure mechanical ventilation leads to 
a decreased right ventricular preload (due to decreased 
venous return) and an increased right ventricular 
afterload (due to increased transpulmonary pressures). 
Decreased RV ejection translates to a decreased left 
ventricular filling and cardiac output after 2-3 beats 
during expiratory phase. The cyclical fall in LV stroke 
volume during expiration and rise during inspiration is 
aggravated in a patient with pre-existing hypovolemia.

Dynamic parameters such as Stroke volume variation 
(SVV) and pulse pressure variation (PPV) make use of 
the phasic changes in cardiac output during respiration 
to assess fluid responsiveness. Since arterial pulse 
depends on cardiac output PPV correlates well with 
changes in LV stroke volume12. A cut-off value of 13% 
for PPV can predict fluid responsiveness with a sensi-
tivity of 94% and specificity of 96%(AUC ROC of 0.94 
and 0.84 for PPV and SVV) 14,15.

The Pleth Variability Index” (PVI) (Masimo Corpora-
tion, Irvine, CA) relies on the dynamic changes in 
plethysmographic amplitude and peak that occurs 
during a respiratory cycle.The PVI can predict fluid 
responsiveness noninvasively in mechanically venti-
lated patients who do not have an arterial line in situ15. 

Limitations
Dynamic indices of preload responsiveness are not 
without limitations. They are unreliable in presence of 
spontaneous breathing efforts making it essential for all 
breaths to be delivered mechanically. They require 
large tidal volumes(>8ml.kg-1) rendering them invalid 
during low tidal volume lung protective ventilation. 
Finally they are unreliable in the presence of 
arrhythmias or high heart rate, which are quite 
common in the critically ill16-18. All these factors limit 
their usefulness in ICU patients making them more 
useful in the operation theatre.

Echocardiographic Indices
Currently Echocardiography is considered as the first 
line in the hemodynamic assessment of any patient with 
shock and can be used for assessment of fluid 
responsiveness19. Both transthoracic and transesopha-
geal echocardiography can be used for the purpose. 
While static measures of cardiac chamber volume and 
filling pressures have the same limitations as other 
static measures of volume responsiveness, it is the 
dynamic markers that have achieved reliability and 
reproducibility in managing septic shock patients. 
Echocardiography can be used to measure LV stroke 
volume using pulsed wave Doppler by multiplying the 
velocity time integral (VTI) by LV outflow tract 
diameter. The VTI is estimated by tracing the area of 
subaortic blood flow in pulsed Doppler and represents 
the distance travelled by red blood cells during systole. 
Since the aortic outflow tract diameter remains 
constant changes in VTI has been used to predict fluid 
responsiveness20-21.

An excellent applicability of aortic blood flow velocity 
in predicting fluid responsiveness is the Passive Leg 
Raising (PLR) test. A form of reversible autotransfu-
sion, PLR relies on venous return from 

the legs and abdominal compartment during a 45 
degree leg elevation and the consequent changes in 
aortic blood flow velocity measured by esophageal 
Doppler.The test has excellent value in predicting fluid 
responsiveness in the critically ill patients, area under 
the receiver operating characteristic curve of 0.9522.

Respiratory variations in inferior venacava diameter 
imaged by transthoracic echocardiography have also 
been used to differentiate between fluid responders 
and non-responders. Patients with distensibility index 
of inferior venacava (dIVC) greater than 18% were 
most likely to respond to fluids (90% sensitivity and 
90% specificity)23. The collapsibility of the SVC 
imaged by trans esophageal echocardiography can be 
used alternatively.

Of the various echocardiographic modalities, PLR is the 
easiest to perform and has stood the test of time. A 
>10% change in aortic blood flow velocity following a 
PLR test predicts fluid responsiveness with a sensitivity 
of 97% and a specificity of 94%.In comparison. A 
similar 12% change in pulse pressure following a PLR is 
easier to perform but has a significantly lower sensitiv-
ity (60%) and specificity (85%)24. Though not as 
reliable as VTI ,yet non availability of bedside echocar-
diography or inadequate technical expertise in 
performing echocardiography makes pulse pressure 
change following PLR a more practical and attractive 
option for assessing fluid responsiveness. Recently a 
5% change in End tidal CO2 was found to reliably 
predict a fluid induced increase in Cardiac Index greater 
than 15 % with sensitivity of 71 % (95 % confidence 
interval: 48-89 %) and specificity of 100% 
(82-100)%25. This might be an attractive option as 
EtCO2 monitoring is widely available and requires no 
expertise.

Microcirculatory dysfunction in Sepsis
Optimization of blood pressure and cardiac output 
remains the broad goals of hemodynamic resuscitation 
in septic shock. However even achieving target mean 
arterial pressure and cardiac output values have often 
failed to reverse the end organ dysfunction that 
accompanies inadequate tissue perfusion. Researches 
have focused on analyzing the microcirculatory flow in 
small blood vessels. Impaired microcirculatory flow 
may persist despite normalization of MAP or CO.

The ProCESS study is a case in point, which
demonstrated resuscitation based on clinical 
parameters of urine output, skin mottling, mental status 
and lactate levels had the same mortality and end organ 
dysfunction as more advanced hemodynamic indices3.

While normalizing microcirculatory dysfunction 
remains an attractive endpoint of fluid resuscitation, 
finding an appropriate tool to assess and treat microcir-
culatory dysfunction is still elusive. The lactate 
clearance over the first 12 hours of resuscitation has 
been evaluated as a potential marker for effective 
resuscitation with favorable results26,27. Normalization 
of lactate levels has been correlated with reduced 
mortality28. Splanchnic circulation is often 
compromised during the early stages of sepsis-induced 
hypoperfusion to maintain blood supply to the vital 
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organs. Determination of gastric mucosal pH by gastric 
tonometry has been used to assess the adequacy of 
splanchnic circulation. It has proven to be useful in 
critically ill, trauma and patients with acute 
pancreatitis29-31. Other methods of assessing tissue 
perfusion such as near infrared spectroscopy and 
sidestream dark field imaging have been tried in 
critically ill, but limited availability restricts their 
use32-35.

Ideal fluid in sepsis
Fluid resuscitation is central to management of patients 
with sepsis. However the choice of fluid is still a matter 
of considerable debate. While recent evidence favours 
the use of crystalloids over colloids like hydroxyethyl 
starch/pentastarch, there has been no conclusive 
evidence to choose between crystalloids and 
albumin36-41.

Crystalloid versus Colloid versus albumin
In the CHEST trial, patients admitted to the ICU were 
randomized to receive either 6% HES (molecular 
weight 130 kD , molar substitution ratio 0.4) in 0.9% 
sodium chloride  or 0.9% normal saline.7% patients in 
the HES group required renal replacement therapy 
compared to 5.8% patients in the normal saline 
group39. Renal failure due to hydroxyethyl starch was 
more for 200kd and substitution ratio of >0.4 which are 
not in production any more. Pentastarch use was also 
associated with a trend towards increased 90 day 
mortality in another study40.

The landmark SAFE study recruited 6997 critically ill 
patients to receive normal saline or 4% albumin for 
upto 28 days of admission. There was no difference in 
mortality between the two groups37. However in the 
subgroup of patients with severe sepsis albumin use 
was associated with reduced mortality. This additional 
benefit with albumin could be due to its 
anti-inflammatory and anti-oxidant profile. In addition, 
it protects the endothelial glycocalyx layer which acts as 
the key barrier to trans-vascular fluid efflux. The recent 
surviving sepsis guidelines favour the use of albumin as 
replacement of crystalloids as part of fluid 
resuscitation.

The landmark SAFE study recruited 6997 critically ill 
patients to receive normal saline or 4% albumin for 
upto 28 days of admission. There was no difference in 
mortality between the two groups36. However in the 
subgroup of patients with severe sepsis albumin use 
was associated with reduced mortality. This additional 
benefit with albumin could be due to its 
anti-inflammatory and anti-oxidant profile. In addition, 
it protects the endothelial glycocalyx layer which acts as 
the key barrier to trans-vascular fluid efflux. The recent 
surviving sepsis guidelines favour the use of albumin as 
replacement of crystalloids as part of fluid 
resuscitation. 

The ALBIOS trial did not show any benefit of albumin 
over crystalloids37. There was no difference in 28 day 
and 90 day mortality in patients receiving 20% albumin 
targeted to a serum albumin concentration more than 
30g/litre. Albumin may have a probable role in large 
volume fluid resuscitation as replacing

albumin creates better fluid balance.The questionable 
mortality benefit of albumin in outcomes needs to be 
considered in addition to its significantly higher cost 
when used in resuscitating septic shock patients.

The Ideal Crystalloid
While crystalloids may be better than colloids when it 
comes to fluid resuscitation, considerable difference 
exists between different crystalloid formulations. 
Historically 0.9% normal saline was considered as the 
fluid for resuscitation. However supraphysiological 
concentrations of chloride and sodium makes normal 
saline far from an ideal fluid for resuscitation. Excessive 
infusion of normal saline is associated with a reduction 
in strong ion difference (SID) and resultant hyperchlo-
remic metabolic acidosis.The hyperchloremia has 
detrimental effects on renal blood flow by promoting 
profound intrarenal vasoconstriction42. In addition it 
has proinflammatory effects, reduces neutrophil 
chemotaxis, impairs macrophage function and worsens 
heamodynamic instability43.

The balanced crystalloid solutions have a composition 
more physiological akin  to plasma and may be benefi-
cial in large volume resuscitation.They do not lower 
body SID and may produce transient alkalemia.In a 
study comparing acetate and lactate based ringers 
solution in patients undergoing gynaecological 
surgery,both the fluids were equivocal in terms of 
haemodynamic stability and use of vasopressors.The 
acetate based solutions however produced a greater 
stability in plasma SID44.

Amount of fluid:
The optimal amount of fluid for resuscitation in sepsis 
patients remains unknown. While earlier studies 
reported a mean volume of 3-5 litres to reach the target 
of early goal directed therapy, more recent studies 
report lower volumes of 2-3 litres2-4. While liberal fluid 
resuscitation is essential in septic shock excess injudi-
cious fluid administration can have detrimental effects 
of its own45. Patients having ARDS with sepsis in 
particular may benefit from a restrictive fluid 
protocol.

In conclusion, fluid resuscitation stands as one of the 
cornerstones of effective management of sepsis. 
However the clinical context needs to be examined 
closely before starting resuscitation. An early onset of 
fluid resuscitation within 6 hours of sepsis onset seems 
beneficial. It also seems prudent to assess clinical signs 
of adequate tissue perfusion during resuscitation in 
addition to reaching predetermined hemodynamic 
targets, as microcirculatory dysfunction is increasingly 
being recognized as a major factor causing end organ 
dysfunction. The choice of fluid seems to be between 
balanced crystalloid solutions and albumin. The signifi-
cantly higher cost of albumin and lack of measurable 
mortality benefit might restrict its use to resuscitations 
requiring large volume replacements. Normal saline 
and starch based solutions have clearly fallen out of 
favour due to their purported adverse effects. Dynamic 
indices of fluid responsiveness and echocardiographic 
modalities should be used to identify the subgroup of 
sepsis patients who would benefit the most from 
aggressive fluid resuscitation.

Review Article Fluid Therapy in Sepsis

127



Volume 4, Number 3

Alberti C, Brun-Buisson C, Burchardi H, Martin 
C, Goodman S, Artigas A, et al. Epidemiology of 
sepsis and infection in ICU patients from an 
international multicentre cohort study, Intensive 
Care Med.2002 ;28(2):108–21.

Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin 
A, Knoblich B, et al. Early goal-directed therapy in 
the treatment of severe sepsis and septic shock.N 
Eng J Med. 2001;345(19):1368–77.

The ProCESS Investigators. A Randomized Trial 
of Protocol-Based Care for Early Septic Shock. N 
Eng J Med. 2014;370(18):1683–93.

The ARISE Investigators and the ANZICS Clinical 
Trials Group. Goal-Directed Resuscitation for 
Patients with Early Septic Shock. N Eng J Med. 
2014;371(16):1496–506.

Mouncey PR, Osborn TM, Power GS, Harrison 
DA, Sadique MZ, Grieve RD, et al. Trial of Early, 
Goal-Directed Resuscitation for Septic Shock. N 
Eng J Med. 2015 Apr 2;372(14):1301–11.

Sirvent J-M, Ferri C, Baró A, Murcia C, Lorencio 
C. Fluid balance in sepsis and septic shock as a 
determining factor of mortality.Am J Emerg Med. 
2015;33(2):186–9.

Lee J, de Louw E, Niemi M, Nelson R, Mark RG, 
Celi LA, et al. Association between fluid balance 
and survival in critically ill patients. J Intern Med. 
2015;277(4):468–77.

Cecconi M, Parsons AK, Rhodes A. What is a fluid 
challenge ?Curr Opin Crit Care 2011; 17:290 – 5. 

Muller L, Toumi M, Bousquet P-J, Riu-Poulenc B, 
Louart G, Candela D ,et al. An increase in aortic 
blood flow after an infusion of 100 ml colloid over 
1 min can predict fluid responsiveness. Anesthesi-
ology 2011; 115:541–7. 

Marik PE, M Baram, & B Vahid. Does the central 
venous pressure predict fluid responsiveness? A 
systematic review of the literature and the tale of 
seven mares. Hest.2008;134(1):172–8.

Harvey S, Harrison DA, Singer M, Ashcroft J, 
Jones CM, Elbourne D, et al. Assessment of the 
clinical effectiveness of pulmonary artery 
catheters in management of patients in intensive 
care (PAC-Man): a randomised controlled trial. 
Lancet. 2005;366(9484):472–7.

Jardin F, Farcot JC, Gueret P, Prost JF, Ozier Y, 
Bourdarias JP. Cyclic changes in arterial pulse 
during respiratory support. Circulation. 
1983;68(2):266–74.

Michard F, Boussat S, Chemla D, Anguel N, 
Mercat A, Lecarpentier Y, et al. Relation between 
respiratory changes in arterial pulse pressure and 
fluid responsiveness in septic patients with acute 

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

circulatory failure. Am J Respir Crit Care Med. 
2000;162(1):134–8.

Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic 
changes in arterial waveform derived variables 
and fluid responsiveness in mechanically venti-
lated patients: a systematic review of the litera-
ture. Crit Care Med. 2009;37(9):2642–7.

Cannesson M, Delannoy B, Morand A, Rosamel 
P, Attof Y, Bastien O,et al.Does the Pleth variabil-
ity index indicate the respiratory- induced 
variation in the plethysmogram and arterial 
pressure waveforms? AnesthAnalg 
2008;106:1189-94. 

Lakhal K, Ehrmann S, Benzekri-Lefèvre D, Runge 
I, Legras A, Dequin P-F, et al. Respiratory pulse 
pressure variation fails to predict fluid responsive-
ness in acute respiratory distress syndrome. Crit 
Care. 2011;15(2):R85.

De Backer D, Taccone FS, Holsten R, Ibrahimi F, 
Vincent J-L. Influence of respiratory rate on stroke 
volume variation in mechanically ventilated 
patients. Anesthesiology. 2009;110(5):1092–7.

Von Ballmoos MW, Takala J, Roeck M, Porta F, 
Tueller D, Ganter CC, et al. Research Pulse-
pressure variation and hemodynamic response in 
 patients with elevated pulmonary artery pressure:
 a clinical study. 2010 [cited 2016 Feb 10]; Avai-
lable from: http://www.biomedcentral.com/
content/pdf/cc9060.pdf

Cecconi M, De Backer D, Antonelli M, Beale R, 
Bakker J, Hofer C, et al. Consensus on circulatory 
shock and hemodynamic monitoring. Task force 
of the European Society of Intensive Care 
Medicine. Intensive Care Med. 
2014;40(12):1795–815.

Slama M, Masson H, Teboul J-L, Arnout M-L, 
Susic D, Frohlich E, et al. Respiratory variations of 
aortic VTI: a new index of hypovolemia and fluid 
responsiveness. Am J Physiol Heart Circ Physiol. 
2002;283(4):H1729–33.

Monnet X, Rienzo M, Osman D, Anguel N, 
Richard C, Pinsky MR, et al. Esophageal Doppler 
monitoring predicts fluid responsiveness in 
critically ill ventilated patients. Intensive Care 
Med. 2005;31(9):1195–201.

Cavallaro F, Sandroni C, Marano C, La Torre G, 
Mannocci A, De Waure C, et al. Diagnostic 
accuracy of passive leg raising for prediction of 
fluid responsiveness in adults: systematic review 
and meta-analysis of clinical studies. Intensive 
Care Med. 2010;36(9):1475–83.

Barbier C, Loubières Y, Schmit C, Hayon J, 
Ricôme J-L, Jardin F, et al. Respiratory changes in 
inferior vena cava diameter are helpful in predict-
ing fluid responsiveness in ventilated septic 
patients. Intensive Care Med.2004;30(9): 
1740–6.

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Review Article Fluid Therapy in Sepsis

References

128



Volume 4, Number 3

129

Monnet X, Rienzo M, Osman D, Anguel N, 
Richard C, Pinsky MR, et al. Passive leg raising 
predicts fluid responsiveness in the critically ill. 
Crit Care Med. 2006;34(5):1402–7.

Monnet X, Bataille A, Magalhaes E, Barrois J, Le 
Corre M, Gosset C, et al. End-tidal carbon dioxide 
is better than arterial pressure for predicting 
volume responsiveness by the passive leg raising 
test. Intensive Care Med. 2013;39(1):93–100.

Jones AE, Shapiro NI, Trzeciak S, Arnold RC, 
Claremont HA, Kline JA, et al. Lactate clearance 
vs central venous oxygen saturation as goals of 
early sepsis therapy: a randomized clinical trial. 
JAMA. 2010;303(8):739–46.

Liu V, Morehouse JW, Soule J, Whippy A, 
Escobar GJ. Fluid volume, lactate values, and 
mortality in sepsis patients with intermediate 
lactate values. Ann Am Thorac Soc. 
2013;10(5):466–73.

Jansen TC, van Bommel J, Schoonderbeek FJ, 
Sleeswijk Visser SJ, van der Klooster JM, Lima AP, 
et al. Early lactate-guided therapy in intensive 
care unit patients: a multicenter, open-label, 
randomized controlled trial. Am J Respir Crit Care 
Med. 2010 ;182(6):752–61.

Bonham MJ, Abu-Zidan FM, Simovic MO, 
Windsor JA. Gastric intramucosal pH predicts 
death in severe acute pancreatitis. Br J Surg. 
1997;84(12):1670–4.

Kirton OC, Windsor J, Wedderburn R, Hudson-
Civetta J, Shatz DV, Mataragas NR, et al. Failure 
 of splanchnic resuscitation in the acutely injured
 trauma patient correlates with multiple organ
 system failure and length of stay in the ICU.
 Chest. 1998;113(4):1064–9

Maynard N, Bihari D, Beale R, Smithies M, 
Baldock G, Mason R, et al. Assessment of 
splanchnic oxygenation by gastric tonometry in 
patients with acute circulatory failure. JAMA. 
1993;270(10):1203–10.

Rackow EC, O’Neil P, Astiz ME, Carpati CM. 
Sublingual capnometry and indexes of tissue 
perfusion in patients with circulatory failure. 
Chest. 2001;120(5):1633–8.

Marik PE. Sublingual capnography: a clinical 
validation study. Chest. 2001 Sep;120(3):923–7.

Gómez H, Torres A, Polanco P, Kim HK, Zenker 
S, Puyana JC, et al. Use of non-invasive NIRS 
during a vascular occlusion test to assess dynamic 
tissue O(2) saturation response. Intensive Care 
Med. 2008 Sep;34(9):1600–7.

Goedhart PT, Khalilzada M, Bezemer R, Merza J, 
Ince C. Sidestream Dark Field (SDF) imaging: a 
novel stroboscopic LED ring-based imaging 
modality for clinical assessment of the microcircu-
lation. Opt Express. 2007;15(23):15101–14.

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Finfer S, Bellomo R, Boyce N, French J, Myburgh 
J, Norton R, et al. A comparison of albumin and 
saline for fluid resuscitation in the intensive care 
unit. N Engl J Med. 2004 May 27;350(22):
2247–56.

Caironi P, Tognoni G, Masson S, Fumagalli R, 
Pesenti A, Romero M, et al. Albumin replacement 
in patients with severe sepsis or septic shock. N 
Engl J Med. 2014 Apr 10;370(15):1412–21.

Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, 
Gattas D, et al. Hydroxyethyl Starch or Saline for 
Fluid Resuscitation in Intensive Care.N Eng J 
Medicine. 2012;367(20):1901–11.

Brunkhorst FM, Engel C, Bloos F, Meier-
Hellmann A, Ragaller M, Weiler N, et al. Inten-
nsive insulin therapy and pentastarch resuscitation
 in severe sepsis. N Engl J Med. 2008 Jan
 10;358(2):125–39

Rochwerg B, Alhazzani W, Sindi A, Heels-
Ansdell D, Thabane L, Fox-Robichaud A, et al. 
 Fluid resuscitation in sepsis: a systematic review
 and network meta-analysis. Ann Intern Med. 2014
 Sep 2;161(5):347–55.

Patel A, Laffan MA, Waheed U, Brett SJ. 
Randomised trials of human albumin for adults 
with sepsis: systematic review and meta-analysis 
with trial sequential analysis of all-cause mortal-
ity. BMJ. 2014;349:g4561.

Yunos NM, Bellomo R, Glassford N, Sutcliffe H, 
Lam Q, Bailey M. Chloride-liberal vs. chloride-
restrictive intravenous fluid administration and 
 acute kidney injury: an extended analysis.
 Intensive Care Med. 2015;41(2):257–64

Kellum JA,Song M,Li J .Science 
review:extracellular acidosis and the immune 
response: clinical and physiologic implications. 
Crit Care 2004; 8:331 – 6. 

Hofmann-Kiefer KF, Chappell D, Kammerer T, 
Jacob M, Paptistella M, Conzen P, et al. Influence 
of an acetate- and a lactate-based balanced 
infusion solution on acid base physiology and 
hemodynamics: an observational pilot study. Eur J 
Med Res. 2012;17:21-28.

Malbrain MLNG, Marik PE, Witters I, Cordemans 
C, Kirkpatrick AW, Roberts DJ, et al. Fluid 
overload, de-resuscitation, and outcomes in 
critically ill or injured patients: a systematic 
review with suggestions for clinical practice. 
Anaesthesiol Intensive Ther. 2014;46(5):361–80.

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

Review Article Fluid Therapy in Sepsis


