
4/5/19

1

Teijo Saari
Associate Professor and Head
Department of Anesthesiology and Intensive Care
University of Turku
teisaa@utu.fi

Which fluid to non-critical 
surgical patient?

• Early on, very little fluids intraoperatively, as fluids were 
thought to increase the risk of postoperative complications

• Fluid administration during surgery became a standard of 
care

• Liberal fluid therapy based on the concept that inadequate 
administration of fluids would result in poor outcomes

• Fluid overload in postoperative patients also caused rather 
severe complications

• With this in mind, it is imperative that we define the treatment 
goals for management of perioperative fluid therapy

History of fluid therapy
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• Consider fluids as medications
• Dose accurately calculated

• Intraoperative management of fluids during surgery should be 
guided by goal-directed therapy (GDT) rather than 
predetermined calculations

• Titrate to the desired effect

Fluid management in enhanced
recovery

• The best method to improve hydration is by increasing per os
(PO) fluid intake!

• Not for the anaesthetized patient, BUT an important 
consideration during perioperative patient care

• Forget nil per os (NPO) guidelines
• Focus on preoperative and early postoperative PO hydration

Routes of fluid administration
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• Patients should be encouraged to continue PO hydration up 
until 2 h before surgery

• Clear liquids ending 2 h prior to surgery does not increase 
gastric volumes, and may even reduce the acidity of stomach 
fluids 

• The recommended preoperative use of clear carbohydrate 
beverages prior to surgery has not been associated with any 
increase in the risk of aspiration or other pulmonary 
complications

Which PO fluid?

Makaryus et al. BJA 120:376e383, 2018
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Boer et al. BJA 120:384e396, 2018

Doherty and Buggy BJA 109:69, 2012
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Side (Adverse?)-effects
• Infusion solutions for fluid therapy may have side-effects and 

are contraindicated in specific populations
• Registered as pharmaceutical products by local authorities
• Large volumes of crystalloid and colloid solutions can lead to 

hypervolaemia
• Also an imbalance in electrolytes

• Hyponatraemia, hyperchloraemia, hyperkalaemia, and 
hypocalcaemia

• Of particular impact in severe renal, cardiac, or hepatic 
disease

Modified from Hahn et al. Clinical Fluid Therapy in the Perioperative 
Setting, vol. 11. Cambridge: Cambridge University Press, 2011; 91–9
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Self et al NEJM 378:819, 2018

Self et al NEJM 378:819, 2018
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HESs and renal function
• Controversial after an increasing number of studies in 

critically ill patients
• Administration was associated with an increased incidence of 

AKI or even mortality
• Several RCTs in abdominal, orthopaedic, or vascular surgery

• HES did not increase the risk for AKI compared to crystalloids or 
gelatin (Raiman et al. EJA 33:42; Gillies et al. BJA 112:25; Kancir et 
al. Anesthesiology 121:948; Anesth Analg 120:608; Yates et al BJA 
112:281; Godet et al. 25:986; Mahmood et al. 94:427)
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Gillies et al BJA 112:25, 2014

Gillies et al BJA 112:25, 2014
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• No difference in 24h blood loss
• Albumin vs. HES130/0.4, pediatric patients (Hanart el al. CCM 37:696)
• HES130/0.4 vs Gelatine, CABG (Kasper et al. Anesthesiology 99:42)
• Balanced crystalloid vs HES130/0.4, CABG (Kimenai et al. Perfusion 28:512)
• Balanced crystalloid vs HES130/0.4, CABG (Lee et al. Circ J 75:2397)
• Albumin 5% vs. Ringer, cystectomy (Rasmussen et al. Medicine 95:e2720)
• Ringer vs. Dextran70, cystectomy (Rasmussen et al. BMC Anesth 15:178)
• Albumin vs. HES130/0.4 vs. Ringer, cardiac (Skhirtladze et al. BJA 112:255)

Effect of fluids on haemostasis

Boer et al. BJA 120:384e396, 2018
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Glycocalyx
• FFP, but not Ringer’s lactate, normal saline, or HES, partially 

restores glycocalyx thickness
• Concomitant benefits for microcirculatory perfusion, after 

haemorrhagic shock 
• Larger plasma volume expansion?

• Current literature lacks evidence with respect to the clinical 
impact of fluids on glycocalyx integrity

• Is glycocalyx integrity involved in the regulation of 
intravascular volume during fluid resuscitation

• Restrictive vs. liberal?
• Abdominal surgery: restrictive?

• Most harm with liberal fluid management (RCT, obs. Studies)
• Thacker et al. 2016; Shin et al 2017

• No established definition of normovolaemia and fluid 
requirements vary significantly according to patient and 
surgical needs

• A large body of evidence aimed at individualizing fluid 
management with goal-directed therapy

Intraoperative Fluid Management
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Modified from Hahn et al. Clinical Fluid Therapy in the Perioperative 
Setting, vol. 11. Cambridge: Cambridge University Press, 2011; 91–9

Pearse et al. JAMA 311:2181, 2014
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• Pragmatic, multicenter, randomized, observer-blinded trial of 734 
high-risk patients aged > 50 years

• Major gastrointestinal surgery at 17 acute care hospitals in the 
United Kingdom

• Patients were randomly assigned to a cardiac output-
guided hemodynamic therapy algorithm for IV fluid and inotrope
(dopexamine) infusion during and 6 hours following surgery
(n=368) or to usual care (n=366)

• An updated systematic review and meta-analysis were also 
conducted including randomized trials published from 1966 to 
February 2014

OPTIMISE-study

• The primary outcome was a composite of predefined 30-day 
moderate or major complications and mortality

• Secondary outcomes were morbidity on day 7; infection, 
critical care–free days, and all-cause mortality at 30 days; all-
cause mortality at 180 days; and length of hospital stay

OPTIMISE-study
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• The primary outcome 
• 36.6%of intervention and 43.4%of usual care participants
• Relative risk [RR], 0.84 [95%CI, 0.71-1.01]
• Absolute risk reduction, 6.8% [95%CI, −0.3%to 13.9%]

• No significant difference between groups for any secondary 
outcomes

• Meta-analysis of 38 trials suggest that the intervention is 
associated with fewer complications

• Intervention, 488/1548 [31.5%] vs control, 614/1476 [41.6%]
• RR, 0.77 [95%CI, 0.71-0.83]

Results

Pearse et al. JAMA 311:2181, 2014
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So?
• Large multicentre trials needed, evaluating the effectiveness 

of different fluid regimens
• OPTIMISE II (n=2500)
• RELIEF (n=3000)

• Primary endpoint of disability free survival at 1 yr after surgery
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Myles et al. NEJM 378:2263, 2018

Myles et al. NEJM 378:2263, 2018
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Makaryus et al. BJA 120:376e383, 2018
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Makaryus et al. BJA 120:376e383, 2018

Gattinoni et al. Crit Care 17 (Suppl 1) :S4, 2013
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Additionally, our results suggest that anaemia is associated
with greater admission to ICUs and increased intensive care re-
source use. Anaemic patients required MV and inotropes more
frequently compared with patients with normal preoperative
Hb concentrations. Furthermore, the use of central venous
catheters and cardiac output monitoring was greater in
anaemic patients. However, factors other than anaemia con-
tribute to intensive care admissions and resource use.22 – 24

The use of invasive monitoring is multifactorial and probably

institutionally driven. The data reported in this article suggest
that anaemia is associated with increased perioperative mor-
bidity, but factors such as regional differences in patient care
and centre policies have to be considered when interpreting
these data.

The prevalence of preoperative anaemia in the EuSOS
cohort was similar to that reported previously (28.7% vs
26.3%,6 30.4%,8 and 25.3%).10 These results confirm the high
prevalence of preoperative anaemia, and validate a timely
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Fig 1 Predicted mortality according to preoperative Hb concentrations.
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Fig 2 Cumulative incidence of hospital discharge and in-hospital death distributed among groups with different preoperative Hb concentrations.
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assessment of Hb concentrations before elective procedures.
However, our data do not differentiate between the varying
causes of anaemia. Acute and chronic forms of anaemia
have different underlying conditions, and often require tar-
geted and specific therapeutic approaches. Recent publica-
tions have highlighted the need for improved patient blood
management in anaemic patients.17 25 Furthermore, the Euro-
pean Society of Anaesthesiology has recently published guide-
lines for the management of severe perioperative bleeding.26

In these guidelines, the authors recommend that patients at
risk of bleeding be assessed for anaemia 4–8 weeks before
elective surgery.27 They further recommend to identify the
cause of anaemia, and to treat iron deficiency with either
oral or i.v. iron supplementation.28 – 33 If iron deficiency has
been ruled out, the authors suggest treating patients with
erythropoietin-stimulating agents.29 34 – 36 These methods,
however, are not without risk themselves, and if applied in-
appropriately, could increase morbidity and be as costly as
transfusion of red blood cells.37 Thus, each patient should be
assessed individually in order to balance the risks and benefits
of any therapy.

Significant blood loss is common during surgery, and many
patients have depressed bone marrow function after
surgery.38 39 Normal or increased haematocrit might confer
an advantage by reducing red blood cell transfusions, which
have been shown to be independently associated with
increased perioperative in-hospital mortality.11 – 15 The need
for blood transfusion with all its side-effects can also be
regarded as a secondary effect of anaemia. In this cohort,
patients with severe or moderate anaemia were probably
transfused more often than those with mild or moderate
anaemia. In addition, perioperative outcome could have
been influenced by factors such as reduced oxygen transport
capacity, reduced microcirculatory function, and impaired
tissue and organ perfusion. This interaction between
anaemia and mortality has to be kept in mind when interpret-
ing data sets as complex as the one at hand.

To our knowledge, this is the first multinational prospective
study evaluating the effect of abnormal preoperative Hb

concentrations on in-hospital morbidity and intensive care re-
source use. All consecutive patients were included in the study,
limiting this bias in case selection. Furthermore, prospective
data acquisition minimized errors associated with data detec-
tion and reporting.

One limitation of our study is that Hb concentrations were
determined within 28 days of surgery. Thus, the actual values
on the day of surgery might differ from those included in the
analysis. The fact that only laboratory results obtained within
28 days of surgery were included in the study may account
for some missing Hb values. Moreover, recent guidelines for
preoperative patient evaluation from the European Society of
Anaesthesiology do not recommend lab testing (e.g. full
blood count) in all patients, especially before minor or inter-
mediate surgery.40 Patients with missing data points in this
study were significantly younger, underwent minor surgery
more frequently, and exhibited lower ASA scores than those
with a complete data set. Thus, missing Hb values might be a
result of adherence to guidelines for perioperative patient
management. Including these patients with missing Hb
values to calculate the prevalence of preoperative anaemia
might have slightly reduced the prevalence of anaemia
reported in this study (28.7%).

In conclusion, we report that abnormal preoperative Hb
concentrations are highly prevalent, and that anaemia is asso-
ciated with increased in-hospital mortality and worse outcome
in patients undergoing non-cardiac and non-neurological
surgery. Preoperative assessment and correction of Hb concen-
trations to normal values might reduce mortality and reduce
the intensive care resource use in these patients.

Supplementary material
Supplementary material is available at British Journal of
Anaesthesia online.
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Table 2 Perioperative outcomes according to preoperative Hb concentrations. ICU, intensive care unit; MV, mechanical ventilation; NIV,
non-invasive ventilation

Severe anaemia Moderate
anaemia

Mild anaemia Normal
haemoglobin

Normal vs anaemia

n % n % n % n % P-value

Number of patients 637 1.6 3427 8.7 7231 18.4 27 439 69.8

Age (yr) 60 (18) 65 (17) 63 (19) 56 (18)

In-hospital mortality 11.3 8.6 4.0 2.2 ,0.001

Admitted to ICU 25.6 22.0 11.2 5.4 ,0.001

NIV within 24 h 1.1 2.2 1.4 0.7 ,0.001

MV within 24 h 17.6 12.1 5.0 1.8 ,0.001

Inotrope/vasopressor use 13.0 9.6 4.4 1.4 ,0.001

Central venous catheter 22.1 19.7 11.5 4.5 ,0.001

Cardiac output monitor 12.9 9.4 7.5 4.3 ,0.001

Preoperative anaemia and surgical outcome BJA
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Baron et al. BJA 113:416, 2014

0-12 h:
• 1 ml/kg/h iv and switch to immediate oral intake as tolerated
• Continue intraoperative strategy with medium and high risk 

patients
>12 h:
• DREAMS: dring, eat, analgesia, move, sleep -> home

Postoperatively
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