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Introduction.


The colloid-colloid controver​sy refers to the potential of artifi​cial colloids to replace human protein colloids (ref 1,2,8 main document). For instance, starch infusions may result in better cardiac performance than infusions of albumin (11), which may have negative inotropic effects via binding of circulating calcium (20). We also hypothesi​zed for this study that exogenous colloids perform similarly to human albumin. 

Patients and methods.


Patients (Table 1 for characteristics) were included after random assignment (sealed envelope method to 4 different groups of n=6, both in n=24 sepsis and n=24 non-sepsis patients), to normal saline (NaCl 0.9%), or the roughly iso-oncotic colloid solutions GelofusinR (gelatin 40 g/L, B Braun Medical, Melsungen AG, Germany, in 154/120 mmol/L NaCl), HemohesR (hydroxyethyl starch (HES) 6%; MW 200,000 substitution 0.45-0.55, Braun Melsungen AG, Germany, in saline) or albumin 5% (100 mL Cealb 20%, Sanquin, CLB, Amster​dam, The Netherlands, diluted in 300 mL of saline). The inclusion criteria were clinical hypovolaemia, defined by a systolic blood pressure <110 mmHg, and by a reduced central venous pressure (CVP ≤12 mmHg if positive end-expiratory pressure, PEEP, ≤15 cm H2O, and CVP ≤16 mm Hg if PEEP >15 cm H2O) in the presence of a central venous (n=45, or pulmonary artery, n=3) catheter inserted in the subclavian or internal jugular vein and in the absence of overt major bleeding. Exclusion criteria were age <18 or >78 years, pregnancy, preterminal illness with life expectancy <24 hours, recent traumatic brain injury, and known anaphylactic reactions to col​loids. Sepsis was defined by two or more of the following clinical fin​dings: body temperature >38 or <36 C; heart rate (HR) >90/min; presence of mechanical ventilation; abnormal white blood cell counts >12,000 or <4,000 x109/L and a clinically evident or microbiologically proven source of infection. The origin of sepsis was defined by clinical signs and symptoms and positive local and/or blood cultures. Non-sepsis was defined as an injury severity score above 15 for multiple trauma, gastroin​testinal hemorrhage or major, non-cardiovascular surgery, for which admission into the ICU was required. Measurements. Pressures were measured after calibra​tion and zeroing to atmospheric pressure at mid-chest level (TramscopeR, Marquette, Wisc., USA). CVP was taken at end-expiration, with patients in the supine position. For the measurement of cardiac output (CO), stroke volume (SV) and global end-diastolic volume (GEDV), the transpulmonary thermal-dye dilution technique was used (9,16,17,19). This involves a central venous injection of a dye and thermal bolus, 15 mL of 1 mg/mL indocyanine green in an ice-cold (4 C) dextrose 5% solution and concomi​tant registration of the dye dilution and thermal shift in the femoral artery, using a 3F catheter equipped with a thermistor and fiberop​tic (PV 2024, Pulsion Medical Systems, Munich, Germany) connected to a bedside computer (COLD Z-021, Pulsion Medical Systems, Munich, Germany). The catheter was introduced via the introducing sheath. Measurements were done in duplicate, irrespective of the ventilatory cycle, and averaged values were taken. The technique yields the transpulmonary thermodilution CO and GEDV, typically at 10% reproducibility (16). CO, SV and GEDV were indexed to body surface area (m2), yielding cardiac index (CI, L/min/m2), SV index (SVI, mL/m2) and GEDV index (GEDVI, n 700-900 mL/m2), respectively. The ratio between SVI and GEDVI/4 is the global ejection fraction (GEF, n 0.25-0.35), an index of systolic cardiac function (17). The left ventricu​lar stroke work index (LVSWI, gm/m2) was calculated from SVI x (mean arterial pressure (MAP) minus CVP) x 0.0136, where the CVP was substituted for the PCWP since in the 3 patients in whom the PCWP was measured CVP and PCWP highly correlated (r=0.97, P<0.001, n=15) and differed by only 3±1 mm Hg. The LVSWI to GEDVI/4 relation is denoted as preload-recruitable stroke work, another index of systolic cardiac function. Arterial and central venous blood samples were obtained for determinations of Hb/Hct, creatinine (Sysmex SE-9000, Sysmex Corporation, Kobe, Japan), O2 pressures and saturations. The colloid oncotic pressure (COP) was measured by a membrane osmometer (Osmomat 050, Gonotex, Berlin, molecular cut-off at 20 kDa). Systemic vascular resistance index (SVRI), O2 delivery (DO2) and oxygen consumption (VO2) were calculated according to standard formulae.

Results.


Patient characteristics are shown in Table 1, 2A+B and biochemical data in Table 3, 4A+B. For the groups undergoing colloid fluid loading, baseline differences between sepsis and non-sepsis pa​tients were again consistent with myocardial depression and dilatation in sepsis (Table 5A+B). 


Baseline values did not differ among colloid fluid types. Albumin loading increased albumin levels; COP similarly increased with all colloid fluids, irrespective of underlying disease. The lactate level decreased with HES and albumin. For the increase in CI (from 0-30-60-90 min), there was no difference among underlying diseases and fluid types. The increase in CVP and GEDVI was greatest with HES (P=0.012, P=0.029 respectively), irrespective of underly​ing disease. However, preload-recruitable stroke work was comparable be​tween colloid fluid types (figure 2), whereas figure 1 shows responses in colloid and saline-loaded groups (see main document).

Discussion.


There was no evidence for a different haemodynamic effect among colloid solutions (at roughly iso-oncotic concentrations), in accordance with the literature (6,18). This may refute the clinical suggestion of a negative inotropic effect of albumin infusion (11,20), the experimental observations that albumin may have a positive inotropic effect after endotoxin injection (21), and the idea that HES may plug leaks and thereby exert a greater haemodynamic benefit than albumin infusion (11,13). Nevertheless, we cannot exclude that the study was too small to detect small differences among colloid fluids. However, it was apparently not too small to reveal a small effect of HES as compared to gelatin and albumin, irrespective of underly​ing disease. Even though the rise in CVP and GEDVI was greater and the rise in SVI was smaller with HES than with gelatin or albumin, the slopes of preload-recruitable stroke work did not significantly differ, suggesting similar cardiac contractility during loading with HES as compared to that with gelatin or albumin. Although groups differed in baseline serum creatinine levels and urinary output during fluid infusion, with greater impairments in the sepsis group, the diuretic response to HES was particu​larly diminis​hed in the non-sepsis group in spite of presumably similar renal function as in the other fluid groups, in line with the potential adverse effects of HES on the kidney. Impaired diuresis may have contribu​ted to the seemingly greater cardiac preload response following HES. The somewhat greater fall in lactate with HES and albumin than with gelatin loading can be attributed to somewhat higher baseline values in the former.

Additional references.

(20)
Dahn MS, Lucas CE, Ledgerwood AM, Higgins RF (1979) Negative inotro​pic effect of albumin resuscitation for shock. Surgery 86:235-241.

(21)
Tokunaga C, Bateman RM, Boyd J, Wang Y, Russell JA, Walley KR (2007) Albumin resuscita​tion improves ventricular contractility and myocar​dial tissue oxygenation in rat endotoxemia. Crit Care Med 35:1341-1347.

Table 1. Patient characteristics.





Non-sepsis

     
Sepsis


P-value 
U
 Ty
 UxTy 




Saline 
Colloid    

Saline
 Colloid  







n=6
n=18
    
n=6
  n=18

  


Age (yr)


54±19
55±17

63±12
59±11


0.196 
0.819 
0.599

Sex (male/female)

4/2
13/5

5/1
13/5


0.563 
0.805 
0.563

APACHE II


9±3
11±4

14±6
14±5


0.002 
0.402 
0.498

Non-sepsis:

 Abdominal surgery

4
11

 Polytrauma


1
4

 Spinal surgery

1
2

 Miscellaneous


1

Sepsis

 Abdominal 


C. Albicans




1


P. Aeruginosa




2

 Pneumonia





Gram-positive




4

Gram-negative




2
2


M. Tuberculosa




1


C. Albicans




1 


A. Fumigatus



1

 Urogenital 



E. Coli





1

 Catheter-related sepsis





Gram-positive




3


C. Albicans




1

 Meningitis



S. Epidermidis




1


N. Meningitidis



1

 Unknown focus








ß-Hemolytic streptococcus


1

Bacteremia





1
9

Dopamine (μg/kg/min)

0.7±1.2
2.0±2.8

7.2±5.2
5.9±3.6


<0.001
0.663
0.297

Norepinephrine (μg/kg/min)
0        
0.00±0.02

0.03±0.06
0.09±0.10 


0.002 
0.126 
0.247

PEEP (cm H2O)

5.6±0.9
7.9±3.4

7.8±5.6
13.4±4.7   


0.004 
0.003 
0.215

Fluid input t=0-90 min (mL) 
1642±387 1531±328  

1783±41  
1380±290 


0.962 
0.004 
0.098

Diuresis t=0-90 min (mL)

800±595
496±384

263±198
163±180


0.001 
0.239
0.423

Creatinine (μmol/L)

77±9
88±22

107±65
153±88
 

0.003
0.074
0.292

Mortality in the ICU

0 
2 (11)

2 (33)
7 (39)


For fluid types: 1.0 (non-sepsis),











1.0 (sepsis)


Mean±SD or number (percentage) where appropriate. Abbreviations: APACHE, acute physiology and chronic health evaluation; PEEP, positive end-expiratory pressure. For P-value: U, underlying disease: sepsis vs non-sepsis; Ty, fluid type: saline versus colloids, and UxTy interaction. Fishers exact test for mortality. 

Table 2A. Patient characteristics: non-sepsis.

────────────────────────────────────────────────────────────────────────────




HES 6%

Gelatin 4%

Albumin 5%





n=6

n=6

n=6

────────────────────────────────────────────────────────────────────────────

Age (yr)


53±18

54±21

58±15

Sex (male/female)

4/2

5/1

4/2



APACHE II


11±4

11±5

11±5

Non-sepsis:

 Abdominal surgery

4

4

3

 Polytrauma


1

1

2

 Spinal surgery



1

1

Miscellaneous

1



Dopamine (μg/kg/min)

1.0±1.8

3.3±3.6

1.8±2.7

Norepinephrine (μg/kg/min)
0.00±0.01

0

0.01±0.03


PEEP (cm H2O)

8.2±4.3

8.2±4.3

8.3±4.5

Fluid t=0-90 min (mL)

1617±172       
1483±422

1492±380

Diuresis (mL)

252±121

659±344

537±498

Creatinine (μmol/L)

87±19

97±34

82±10

Mortality in the ICU

1(17)

1(17)

0 


────────────────────────────────────────────────────────────────────────────

Mean±SD or number (percentage) where appropriate. Abbreviations: HES, hydroxyethyl starch; APACHE, acute physiology and chronic health evaluation; PEEP, positive end-expiratory pressure. See Table 2B for statistics.

Table 2B. Patient characteristics: sepsis.





HES 6%

Gelatin 4%

Albumin 5%

P-value 
U 
Ty 
UxTy




n=6

n=6

n=6




Age (yr)


57±14

60±12

60±9


0.419 
0.702 
0.953

Sex (male/female)

5/1

4/2

4/2


1.000 
0.844 
0.650

APACHE II


14±6

13±5

16±2


0.018 
0.568 
0.661

Sepsis

 Abdominal



P. Aeruginosa


1

1


C. Albicans



1


 Pneumonia





Gram-positive
1

1

2


Gram-negative


1

1


M. Tuberculosa
1


C. Albicans
1



 Urogenital 



E. Coli

1

 Catheter-related sepsis





Gram-positive


1

2


C. Albicans



1

 Meningitis


S. Epidermidis
1

 Unknown focus







  ß-Hemolytic streptococcus
1



Bacteremia


1

6

2

Dopamine (μg/kg/min)

5.9±4.2

6.9±1.5

4.8±4.5


<0.001
0.135
0.589

Norepinephrine (μg/kg/min)
0.07±0.13

0.07±0.06

0.11±0.12    


<0.001 
0.531 
0.880

PEEP (cm H2O)

10.8±4.7

14.2±4.3

14.5±4.1


<0.001 
0.180 
0.515

Fluid input t=0-90 min (mL)
1358±344

1317±240

1467±308     

0.126 
0.729 
0.603 

Diuresis t=0-90 min (mL)

149±101

96±59

244±288


<0.001
0.018
0.005

Creatinine (μmol/L)

174±117

151±62

134±90


0.002
0.660
0.797

Mortality in the ICU

3 (50)

2(33)

2 (33)


For fluid types: 0.80 (non-











Sepsis) and 0.80 (sepsis)


Mean±SD or number (percentage) where appropriate. Abbreviations: HES, hydroxyethyl starch; APACHE, acute physiology and chronic health evaluation; PEEP, Positive End-Expiratory Pressure. For P: U, underlying disease: sepsis vs non-sepsis; Ty, fluid type: HES versus gelatin versus albumin and UxTy, interaction. X2 test for mortality.

Table 3. Biochemical data.





Non-sepsis

    
Sepsis


P-value 
U 
Ty 
UxTy




Saline   Colloid

Saline   Colloid     




n=6
n=18

n=6
n=18




Haemoglobin (mmol/L)





t=0 min


6.9±1.1
5.7±1.1

6.2±1.4
5.4±0.5


0.134 
0.009 
0.548

t=90


6.7±0.8
5.0±0.8

5.9±1.3
4.7±0.5


0.205 
<0.001 
0.385

Colloid osmotic pressure (mmHg)

t=0


15±2
15±3

15±3
16±2


0.693 
0.444 
0.800

t=90


13±1
19±3

14±3
19±2


0.993 
<0.001 
0.737

ScvO2 

t=0


0.80±0.04
0.76±0.09

0.78±0.04
0.76±0.09 


0.471 
0.125 
0.552

t=90


0.80±0.07
0.80±0.09

0.81±0.05
0.77±0.08  


0.920 
0.514 
0.030

Lactate (mmol/L)

t=0


1.3±0.7
1.4±0.8

1.6±1.3
1.8±0.8


0.326 
0.548 
0.913

t=90


1.2±0.6
1.4±0.8

1.6±1.2
1.7±0.7


0.638 
0.897 
0.424


Mean±SD. Abbreviations: ScvO2; central venous oxygen saturation. For P: U, underlying disease: sepsis vs non-sepsis; Ty, fluid type: saline versus colloids 

and UxTy, interaction

Table 4A. Biochemical data: non-sepsis.

─────────────────────────────────────────────────────────────────────────────





HES 6%

Gelatin 4%

Albumin 5%






n=6

n=6

n=6

─────────────────────────────────────────────────────────────────────────────

Haemoglobin (mmol/L)





t=0 min



5.2±0.9

5.7±0.7

6.3±1.4

t=90



4.6±0.8

5.1±0.6

5.4±0.7

Albumin (g/L)





t=0



18±4

19±5

19±4

t=90



15±3

16±4

31±6

Colloid osmotic pressure (mmHg)

t=0



14±3

16±3

16±3

t=90



19±4

19±2

18±2



ScvO2 

t=0



0.71±0.09

0.79±0.06

0.80±0.09

t=90



0.76±0.11

0.83±0.04

0.82±0.08

Lactate (mmol/L)

t=0



1.4±0.8

1.5±1.1

1.5±0.5

t=90



1.4±0.7

1.5±1.1

1.4±0.5

─────────────────────────────────────────────────────────────────────────────

Mean±SD. Abbreviations: HES, hydroxyethyl starch; ScvO2, central venous oxygen saturation. See Table 4B for statistics.

Table 4B. Biochemical data: sepsis.





HES 6%

Gelatin 4%

Albumin 5%

P-value 
U 
Ty 
UxTy




n=6

n=6

n=6


Haemoglobin (mmol/L)





t=0 min


5.8±0.7

5.1±0.4

5.3±0.3


0.187 
0.444 
0.036

t=90


5.0±0.7

4.5±0.2

4.6±0.3


0.525 
0.729 
0.558

Albumin (g/L)





t=0


12±4

12±1

11±2


<0.001 
0.903 
0.737

t=90


10±3

10±1

27±3


0.151 
<0.001 
0.236

Colloid osmotic pressure (mmHg)

t=0


15±2

17±2

15±2


0.483 
0.171 
0.724

t=90


19±2

20±2

18±2


0.715 
0.097 
0.547

ScvO2 

t=0


0.76±0.12

0.76±0.08

0.77±0.07


0.934 
0.441 
0.442

t=90


0.76±0.11

0.77±0.09

0.79±0.05


0.070 
0.795 
0.670

Lactate (mmol/L)

t=0


1.9±1.0

1.5±0.5

2.0±0.9


0.188 
0.647 
0.566

t=90


1.7±0.8

1.6±0.6

1.7±0.7


0.495 
0.029 
0.142


Mean±SD. Abbreviation: HES, hydroxyethyl starch; ScvO2, central venous oxygen saturation. For P: U, underlying disease: sepsis vs non-sepsis; Ty, fluid type: HES versus gelatin versus albumin and UxTy, interaction. 

Table 5A. Haemodynamics: non-sepsis.

─────────────────────────────────────────────────────────────────────────────





HES 6%

Gelatin 4%

Albumin 5%






n=6

n=6

n=6

────────────────────────────────────────────────────────────────────────────

Heart rate (beats/min)




t=0 min



63±21

67±16

78±19

t=90



66±18

70±20

74±16

MAP (mHg)

t=0



84±20

84±15

78±8


t=90



96±16

96±12

87±16

CVP (mmHg)

t=0



6±2

5±4

6±4

t=90



10±1

8±4

9±4

CI (L/min/m2)





t=0


 
3.4±1.5

3.8±0.9

4.4±2.7

t=90



3.5±1.0

4.2±0.9

4.6±1.5

SVI (mL/m2)


t=0



54±13

61±18

51±18

t=90



55±12

63±18

63±9

GEDVI (mL/m2)

t=0



711±101

887±256

873±340

t=90



768±149

947±317

1030±351

LVSWI (gm/m2)

t=0



55±11

64±22

50±13

t=90



64±12

73±21

72±11

GEF (mL/mL)

t=0



0.30±0.06

0.28±0.05

0.25±0.08

t=90



0.29±0.05

0.27±0.05

0.27±0.10

DO2 (mL/min/m2)

t=0



398±122

561±128

558±248


t=90



390±83

549±176

596±140

VO2 (mL/min/m2)

t=0



126±33

143±47

159±71

t=90



137±66

113±57

170±72

────────────────────────────────────────────────────────────────────────────

Mean±SD. Abbreviations: HES, hydroxyethyl starch; MAP, mean arterial pressure; CVP; central venous pressure; CI, cardiac index; SVI, stroke volume index; GEDVI, global enddiastolic volume index; LVSWI, left ventricular stroke work index; GEF, global ejection fraction; DO2, oxygen delivery; VO2, oxygen consumption. See Table 5B for statistics.

Table 5B. Haemodynamics: sepsis.





HES 6%

Gelatin 4%

Albumin 5%

P-value 
U 
Ty 
UxTy




n=6

n=6

n=6


Heart rate (beats/min)




t=0 min


95±33

96±14

100±18


<0.001 
0.388
0.809

t=90


102±26

85±13

97±16


0.049 
0.147 
0.323

MAP (mHg)

t=0


73±8

76±13

77±10


0.094 
0.902 
0.442

t=90


89±13

94±17

84±18


0.708 
0.216 
0.759

CVP (mmHg)

t=0


7±1

10±5

9±4


0.012 
0.515 
0.273

t=90


12±2

13±6

13±4


0.072 
0.041 
0.401

CI (L/min/m2)





t=0


3.7±1.2

4.1±1.5

3.3±0.6


0.810 
0.698
0.584

t=90


4.4±1.5

4.7±1.4

4.0±1.0


0.050 
0.677 
0.512

SVI (mL/m2)

t=0


41±8

43±19

35±8


0.001 
0.391 
0.900

t=90


43±6

50±18

42±12


0.249 
0.007 
0.184

GEDVI (mL/m2)

t=0


882±31

790±163

864±334


0.783 
0.634 
0.080

t=90


987±62

826±163

945±350


0.400 
0.022 
0.117

LVSWI (gm/m2)

t=0


37±11

36±13

32±8


<0.001
0.265 
0.670

t=90


46±13

52±15

40±12


0.110 
0.343 
0.126

GEF (mL/mL)

t=0


0.18±0.04

0.22±0.09

0.17±0.06


<0.001
0.370 
0.405

t=90


0.18±0.03

0.25±0.09

0.19±0.07


0.618 
0.046 
0.271

DO2 (mL/min/m2)

t=0


496±73

534±234

402±87


0.604 
0.237 
0.097

t=90


502±168

558±113

456±148


0.699 
0.293 
0.444

VO2 (mL/min/m2)

t=0


116±96

153±41

117±23


0.445 
0.492 
0.451

t=90


114±62

150±92

113±43


0.512 
0.816 
0.236


Mean±SD. Abbreviations: see Fig. 4A. For P: U, underlying disease: sepsis vs non-sepsis; Ty, fluid type: HES versus gelatin versus albumin and UxTy, interaction. 
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Fig. 1.  Mean±SEM for left ventricular stroke work index (LVSWI) versus global end-diastolic volume index (GEDVI/4) as index of preload-recruitable stroke work, in non-sepsis and sepsis, according to fluid types. The figure suggests myocardial depression of sepsis (vs non-sepsis) and increases of preload-recruitable stroke work that are greater with colloids than saline, particularly in non-septic patients (for statistics see Table 1)
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Fig. 2.  Mean±SEM  for left ventricular stroke work index (LVSWI) versus global end-diastolic volume index (GEDVI/4) as index of preload-recruitable stroke work, in non-sepsis and sepsis, according to fluid types (A+D, HES; B+E, Gelatin; C+F, Albumin). For statistics: see Table 5B. The figure suggests myocardial depression of sepsis (versus non-sepsis) and increases of preload-recruitable stroke work independent of underlying disease and fluid type

