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INTRODUCTION

Off-pump coronary artery bypass grafting (OP-CABG) 
has revolutionized the surgical approach for the 
treatment of coronary artery disease. OP-CABG avoids 
the use of extracorporeal circulation and hence all the 
detrimental effects of instituting cardiopulmonary 
bypass, especially the systemic inflammatory response 
syndrome, are eliminated in patients undergoing this 
technique of coronary revascularization. Essential to 
the performance of OP-CABG is the use of mechanical 
stabilizers, e.g., octopus II and/or starfish, which make 
the distal anastomotic site immobile during grafting. 
In addition to mechanical stabilization, manipulation 
of the heart to provide access to the distal anastomotic 

site is necessary for optional visualization. The use 
of mechanical stabilizers and manipulation of the 
heart for optimal position prior to grafting make the 
haemodynamic state unsteady and are associated with 
a fall in cardiac output and systemic hypotension. 
One of the strategies employed to counter hypotension 
and decrease in cardiac output is the maintenance of 
crystalloid/colloid infusion to maintain optimal filling 
pressure and preload. Although the colloid crystalloid 
controversy still exists, colloids are usually utilized 
to prevent or treat hypovolemia in cardiac surgery. 
Colloids have the advantages of longer half-life than 
crystalloids and hence prolonged volume effects, 
maintenance of colloid oncotic pressure, and increasing 
the microcirculation.[1-3] Colloid solutions remain a 
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ABSTRACT

This study was conducted to determine the influence of colloid infusion on coagulation in patients 
undergoing off-pump coronary artery bypass grafting (OP-CABG). Thirty patients undergoing 
elective OP-CABG received medium molecular weight hydroxyethyl starch group I (MMW-HES 
200/0.5), low molecular weight hydroxyethyl starch group II (LMW-HES 130/0.4) or gelatin group 
III (GEL) in a prospective randomized trial. Blood samples were assessed for haemoglobin (Hb), 
activated coagulation time (ACT), prothrombin time (PT), activated partial thromboplastin time 
(aPPT), platelet count, fibrinogen and von Willebrand factor (vWF) at specified intervals. Total 
volume of the colloid infused and postoperative chest-time drainage was also measured. There 
was a significant decrease in Hb, platelet count, fibrinogen levels in all these groups, which did 
not warrant blood transfusion. After the colloid infusion, vWF decreased significantly to 67% from 
baseline in group I as compared to 85 and 79% in group II and group III, respectively. vWF levels 
remained lower than the baseline value in the first 24 hours in group I, whereas this factor level 
increased above the baseline values in groups II and III, 6 hours postoperatively. Postoperative 
chest tube drainage in 24 hours was significantly higher in group I (856 ± 131 ml) as compared to 
group II (550 ± 124 ml) and group III (582 ± 159 ml). LMW-HES 130/0.4 was superior to MMW-
HES 200/0.5 and gelatin in patients undergoing OP-CABG, in terms of better preservation of 
coagulation associated with enhanced volume effect.
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widely used therapy for preoperative maintenance of 
intravascular oncotic pressure and augmentation of 
plasma volume.[4] Among the colloids, gelatins and 
hydroxyethyl starches (HES) are the most commonly 
used.[5] However, these colloids may adversely affect 
the coagulation and primary haemostasis. Though 
gelatins are popular, there is a higher incidence of 
allergic reactions in comparison with HES. HES are 
derived from amylopectin which is a polysaccharide 
component of waxy maize. Impairment of homeostasis 
is most pronounced with large and highly substituted 
HES molecules such as hetastrach (HES 450/0.7) 
or medium molecular weight starches (MMW-HES 
200/0.5) Voluven® (fresenius Kabi, Bad Homburg, 
Germany). LMW-HES 130/0.4 is an HES preparation 
which has been developed to provide more osmotically 
effective small molecules to maintain effectiveness 
and to enhance metabolism and renal elimination of 
the substance, thereby improves drug safety.

Waitzinger et al. demonstrated a volume effect of LMW-
HES 130/0.4 of about 100% of infused volume lasting 
for approximately 4–6 hours in healthy volunteers.[6,7] In 
contrast to other HES preparations, LMW-HES 130/0.4 
does not accumulate in plasma following repeated 
doses. Though LMW-HES 130/0.4 is approved for the 
treatment of hypovolemia, its effects on coagulation 
in patients undergoing OP-CABG are not documented. 
The present study was designed to assess the 
influence of LMW-HES 130/0.4 on haemostasis during 
off-pump coronary revascularization and to compare 
its influence on haemostasis gelatin based solution 
(Gelofusine).

METHODS

This study was designed as a prospective randomized 
controlled trial in patients undergoing elective first 
time off-pump coronary artery bypass surgery. The 
study was approved by the ethics committee of the 
hospital and written consent was obtained from the 
patients. Exclusion criteria included acute myocardial 
infraction, infarction within previous 3 months, poor 
left ventricular (LV) function (LV ejection fraction 
<	 35%),	 renal	 insufficiency	 (serum	 creatinine	 >	
2.0	 mg%),	 liver	 impairment	 (ALT/AST	 >	 40	 U/l),	
anaemia (preoperative hematocrit < 35%), preexisting 
coagulopathy, platelet count of <150 × 103/mm3, 
patients treated with heparin or cyclo-oxygenase 
inhibitors (e.g., aspirin) within last 7 days and history 
of allergy to colloids.

All anti-anginal and anti-hypertensive drugs were 
continued till the day of surgery. Pre-anesthetic 
medication consisted of oral diazepam 1 hour prior 
to anaesthesia. Continuous electro cardio gram(ECG) 
monitoring of leads I, II, V5 with automated ST 
segment analysis was initiated. Right femoral artery 
was cannulated under local anaesthesia for monitoring 
direct blood pressure and blood gas sampling. 
Anaesthesia was induced with a combination of 
midazolam, fentanyl and 1–2 mg/kg propofol and 
maintained with isoflurane in oxygen, fentanyl and 
midazolam. Endotracheal intubation was achieved 
after the administration of pancuronium bromide. 
A triple lumen central venous catheter was inserted 
in the right internal jugular vein for monitoring the 
central venous pressure, vasoactive drug infusion and 
blood sampling. Nitroglycerine (NTG) and dopamine 
infusions were titrated to maintain a mean arterial 
pressure within 20% of basal values. A maintenance 
fluid administration in the form of Ringer’ lactate at 
2 ml/kg/hour was infused an all patients. The central 
venous pressure was maintained between 10 and 14 
mm Hg using colloid infusion as needed. OP-CABG was 
done after median sternotomy under normothermic 
conditions with cardiopulmonary bypass (CPB) stand 
by. Heparin was used in a dose of 300 units/kg to 
maintain an activated coagulation time (ACT) of at 
least 300 seconds. Proximal anastomosis was done 
with aortic partial clamping, and distal grafting was 
performed using octopus-II tissue stabilizer. OP-CABG 
was converted to conventional CABG with CPB, if the 
patient could not tolerate the procedure off-pump. 
After anastomoses, heparin was neutralized with 
protamine in a ratio of 1 mg protamine for every 100 
units of initial dose of heparin. No antifibrinolytic 
agents were used. Cell saver and autologous blood 
transfusion were not a part of the study protocol. Blood 
and blood products were not used until hematocrit was 
<27%. Patients were electively ventilated at the end of 
surgery and early extubation protocol was applied to 
all the patients.

Patients were randomly allocated to three groups as 
follows: group I (MMW-HES 200/0.5) received 6% 
medium molecular weight hydroxylethyl starch ‘Haes-
steril®’ (Fresenius Kabi, Pune, India), group II (LMW-
HES-130/0.4) received 6% low molecular weight 
hydroxyethyl starch ‘Voluven®’ (Fresenius Kabi, Bad 
Homburg, Germany) and group III (GEL) received 4% 
succinylated gelatin ‘Gelofusine® (B Braun, Melsungen 
AG, Germany). The colloid was infused in a dose of 7–8 
ml/kg prior to the administration of heparin and later the 
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infusion rate was dictated by the clinical need. Blood 
samples were taken at the following timings: T1, prior 
to anesthetic induction; T2, after infusion of 7–8 ml/kg 
of colloid but before administration of heparin; T3, 6 
hours postoperatively and T4, 24 hours postoperatively. 
Each sample was assessed for haemoglobin (Hb), 
ACT (MINI, Actalyke, TX, USA), prothrombin time 
(PT), activated partial thromboplastin time (aPTT) 
(photo optical method, bioMerieux, France), platelet 
count (automated analyzer), fibrinogen (photo optical 
method, bioMerieux, France) and von Willebrand 
factor (vWF) [enzyme-linked immunosorbent assay 
(ELISA) – Vidas, bioMerieux, France]. Postoperative 
chest tube drainage and total volume of colloid infused 
in first 24 hours was monitored. Data were expressed 
as mean ± standard derivation (SD) and parameters 
were analyzed statistically. Comparison with T1 at 
each interval (T2, T3, T4) was done by Wilcoxon’s signed 
rank test. Multiple group comparisons were done by 
one-way analysis of variance (ANOVA) followed by 
Mann-Whitney test (alternative to unpaired t-test). A 
‘P’ value of <0.05 was considered to be statistically 
significant.

RESULTS

There were 30 patients in the study group, 10 patients 
in each of the groups. Blood samples were assessed for 
Hb, ACT, PT, aPPT, platelet count, fibrinogen and vWF 
at four specified intervals. In addition, total volume of 
colloid infused and postoperative chest-time drainage 
was also measured. Though the sample number in 
each group was small, it was felt that statistically 
significant values for ‘between’ group/‘within’ group 
comparison could be obtained and this could be used 
as a pilot study for a larger study.

The demographic and preoperative details are given in 
Table 1. The demographic and preoperative data were 
comparable in the three groups. All patients completed 
the study and there were no conversions to ‘on-pump’ 
and there was no mortality.

There was a significant decrease in the Hb concentration 
and platelet count [Table 2] in all the groups when T1 
was compared to T3 and T4. ACT measurements showed 
similar trend in all the groups with no significant 
change from initial values during the study period 
[Table 2]. PT was not significantly different from 
basal values in all the groups and in between groups  
[Table 2]. Likewise, PTT was similar within the group 
and in between groups [Table 2].

Fibrinogen levels significantly decreased from baseline 
values in all the groups from T1 to T3 and there was 
recovery of fibrinogen levels at T4 in all the groups but 
this was still lower than basal values in all the groups. 
In between groups, fibrinogen levels were significantly 
lower in group I (MMW-HES 200/0.5) as compared 
to groups II (LMW-HES 130/0.4) and III (GEL). The 
plasma levels of vWF decreased significantly in 
group I (MMW-HES 200/0.5) from T1 to T2 and then 
showed recovery but plasma levels were lower than 
basal values at T3 and T4. In groups II (LMW-HES 
130/0.4) and III (GEL), plasma levels of vWF decreased 
significantly at T2 from T1 and after recovery its levels 
increased significantly at T3 and T4 from basal values 
[Table 2]. In between groups, there was a significantly 
lower vWF level in group I as compared to groups II 
(LMW-HES 130/0.4) and III (GEL) at T3 and T4. vWF 
levels are significantly lower in group III (GEL) as 
compared to group II (LMW-HES 130/0.4) at T3 and T4 
[Table  2].

Postoperative blood loss through the chest drainage 
tubes was significantly higher in group I (MMW-HES 
200/0.5) as compared to groups II (LMW-HES 130/0.4) 
and III (GEL). In groups II (LMW-HES 130/0.4) and III 
(GEL), there was no significant difference in blood 
loss [Table 1]. Total volume of colloid infused was 
significantly higher in group III (GEL) as compared 
to groups I (MMW-HES 200/0.5) and II (LMW-HES 
130/0.4). In group I (MMW-HES 200/0.5), volume 
infused was significantly more than in group II (LMW-
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Table 1: Demographic and other data (Mean ± SD)

Group – I 
(MMW-HES 

200/0.5) 
n = 10

Group – II 
(LMW-HES 

130/0.4) 
n = 10

Group – III 
(GEL) 
n = 10

Age (Yrs) 54.1±11.3 59.3±7.1 61.4±5.9 
Weight (kg) 70.7±9.8 66.6±8.4 65.6±7.4 
Sex (M / F) 8/2 9/1 9/1 
Diabetes mellitus 4 5 4
Hypertension 5 5 6
Previous MI 6 5 5
COPD 0 0 1
No 1-3(2) 1-3(2) 1-3(2)
Total volume 
infused (ml)

2200±307.3 1920±229.9• 2700±197.2•*

Post-operative 
blood loss (ml)

856±131.1 550±124.9• 582±159.0•

Values are mean± SD (standard deviation); MI= myocardial infraction; COPD= 
chronic obstructive pulmonary disease, • = Values differ significantly among 
groups I and II (significance set at P<0.05), * = Values differ significantly 
among groups II and III (significance set at P<0.05)
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HES 130/0.4) [Table 1]. There were no differences in 
haemodynamics/oxygenation/renal parameters in the 
three groups. None of the patients received blood/
blood products and there were no re-explorations for 
excessive drainage in all the groups.

DISCUSSION

This study demonstrates that LMW-HES 130/0.4 
is superior to both MMW-HES 200/0.5 and gelatin 
solutions because use of LMW-HES 130/0.4 caused 
the least impairment of coagulation. The choice of 
colloids for volume infusion in cardiac surgery has 
been debated for several years.[8] Two of the major 

concerns involved in the use of synthetic colloids (e.g., 
HES or gelatin) are (i) alteration of coagulation and (ii) 
possibility of anaphylaxis.[9,10] Altered haemostasis 
and increased bleeding have been reported with the 
use of HES solutions in cardiac surgical patients. 
However, in majority of these reports, first-generation 
HES namely hetastrach (MW = 450,000 Da with high 
degree of substitution of 0.7) was used. Hetastrach 
has been reported to induce a type-I von Willebrand 
like syndrome with decreased factor VIII coagulant 
activity and decreased vWF antigen and factor VIII 
related ristocetin cofactor. Decreased interaction 
with factor VIII and vWF while using more rapidly 
eliminated hydroxyethyl starch types (LMW-HES 
130/0.4) might translate to smaller blood losses and 
a reduced consumption of blood products. Langeron 
et al.[11] described a significantly reduced need for 
allogeneic transfusions when comparing LMW-HES 
130/0.4 to MMW-HES 200/0.5 (P = 0.042) infused at 
the same dose levels. Significantly less interference 
with factor VIII concentrations 5 hours after the end 
of surgery was seen in the LMW-HES 130/0.4 group 
(P < 0.05). Gallandat Huet et al.[12] found significantly 
lower perioperative blood losses after LMW-HES 
130/0.4 versus MMW-HES 200/0.5 (1301 ± 551 versus 
1821 ± 1222 ml) (P < 0.05) in cardiac surgery. Kasper 
et al.[13] examined the influence of unequal doses of 
LMW-HES 130/0.4 (50 ml/kg) and MMW-HES 200/0.5 
(33 ml/kg + add on gelatin) on chest tube drainage. 
They found no differences despite the substantially 
higher LMW-HES 130/0.4 dose, signifying that a 50% 
dose increase compared with MMW-HES 200/0.5 did 
not deteriorate coagulation and blood loss. Boldt et 
al,[14] showed higher blood losses and more impaired 
activated thrombelastography measurements after 
hetastarch in a balanced solution compared with 
LMW-HES 130/0.4.

Non-hemic colloids, which are used for volume 
replacement, not only affect the systemic 
haemodynamics but also influence the 
microcirculation, pulmonary function, rheology and 
coagulation. The HES decrease the coagulation factor 
levels and platelet function beyond that observed by 
haemodilution alone.[2] It is hypothesized that HES 
precipitate certain coagulation factors (factor VIII and 
fibrinogen) making them unavailable to coagulation 
cascade. Gelatins impair haemostasis by interfering 
with vWF.[15] In a study it was found that after infusion 
of gelatin, vWF levels decrease by 32%.[16] Our study 
shows that after infusion of gelatin there was a 
significant decrease in vWF levels, but after 6 hours 

Table 2: Haematological values at various stages in three 
groups (mean ± SD)

Variable Group-I
(MMW-HES 
200 / 0.5) 

Group-II
(LMW-HES 

130/0.4) 

Group-III
(GEL)

Haemoglobin 
(gram/100ml)

T1
T2
T3
T4

14.1±0.8
13.6±0.9
10.7±0.7*
10.4±0.7*

13.9±0.5
13.6±0.4
11.2±0.6*
10.8±0.6*

13.9±0.6
13.6±0.5
11.1±0.6*
10.5±0.4*

Platelet count 
(×105/mm3)

T1
T2
T3
T4

2.4±0.6
2.2±0.6
1.7±0.4*
1.9±0.4*

2.4±0.6
2.1±0.5
2.1±0.4
2.1±0.5

2.3±0.4
2.1±0.4
1.9±0.3
2.1±0.4

ACT (seconds)
T1
T2
T3
T4

114.8±4.2
116.8±4.6
112.9±5.4
112.6±3.2

117.0±5.2
118.0±4.8
112.9±4.7
111.2±4.6

114.3±6.0
117.8±5.2
107.8±6.9
104.5±6.4

PT (seconds)
T1
T2
T3
T4

12.4±0.4
13.4±0.5
15.1±0.6
15.7±0.5

12.6±0.4
14.1±0.2
14.7±0.4
14.8±0.5

12.7±0.6
13.4±0.6 
14.4±0.4
15.0±0.4

aPTT (seconds)
T1
T2
T3
T4

28.0±1.0
28.6±0.8
29.4±1.6
29.6±2.0

28.0±1.9
28.0±1.2
28.0±1.8
28.0±0.6

28.0±1.0
28.0±1.3
28.6±0.8
29.0±1.5

Fibrinogen (mg/dl)
T1
T2
T3
T4

312.6±53.8
223.3±58.9*
169.5±50.6*
208.7±49.4*

354.8±54.4
278.9±43.2*
220.5±27.3*
302.8±43.6*•

334.7±48.4
274.0±44.7*
229.5±44.7*
301.5±43.7*•

vWF(%)
T1
T2
T3
T4

210±67.6
138±65.5*
189±81.4*
205±35.2

235±54.8
201±58.9•

390±101.3*•
397±83.3*•

197±83.5
156±63.5*
269±96.0*•
270±57.7*•

ACT= Activated clotting time; PT= Prothrombin time; PTT= partial 
thromboplastin time;  VWF= von Willebrand factor, Values are mean± SD 
(standard deviation), • = Between group (significance set at P<0.05), 
* = Within group (P<0.05)
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postoperatively, vWF levels increase above the baseline 
values. HES solutions interfere with blood coagulation 
with respect to molecular weight, degree of substitution 
and C2/C6 ratio by an interaction with factor VIII, vWF 
and platelet dysfunction.[17,18] Our study demonstrated 
that MMW-HES 200/0.5 causes significant (P < 0.05) 
lowering of vWF as compared to LMW-HES 130/0.4. 
The recovery of this factor to baseline levels does not 
occur to the same degree with MMW-HES as compared 
to LMW-HES 130/0.4 and gelatin. Its levels increase 
above the baseline values with LMW-HES 130/0.4 
and gelatin 6 hours postoperatively. This probably 
indicates vascular endothelial recovery. HES impair 
haemostasis by various mechanisms. By their coating 
effect, large molecules interfere with the function of 
vWF and hence factor VIII. They also interfere with 
fibrin formation and platelet function.[19-23] Thus, the 
thrombus formed is less stable and more susceptible 
to lysis.[24-27] It is speculated that molecular weight 
of HES is an important factor in determining their 
effect on blood coagulation. Some investigations have 
suggested that LMW-HES 130/0.4 may have less effect 
on coagulation than MMW-HES 200/0.5. Gallandt-
Huet[12] et al. compared LMW-HES (130/0.4) with 
MMW-HES (200/0.5) in patients scheduled for CABG. 
Both HES solutions were used for acute normovolemic 
haemodilution, for priming the extracorporeal circuit, 
and for intra and postoperative volume substitution. 
vWF increased more in the LMW-HES 130/0.4 treated 
patients than in the patients in whom standard 
MMW-HES 200/0.5 was given. Blood loss, as well as 
the use of packed red blood cells, was lower in the 
LMW-HES 130/0.4 patients indicating considerable 
benefits with LMW-HES 130/0.4. Similar findings 
are obtained in our study that patients treated with 
LMW-HES 130/0.4 have significantly less bleeding as 
compared to those treated with MMW-HES 200/0.5. 
Gelatins impair haemostasis also by inhibiting platelet 
aggregation.[28,29] Haisch et al.[30] compared volume 
replacement with gelatin and LMW-HES 130/0.4; 
there were no significant differences between the two 
groups indicating that this LMW-HES 130/0.4 can be 
safely used in cardiac surgery. All these studies[31-33] 
were done in patients scheduled for CABG using the 
conventional CPB where several other mechanisms 
related to CPB can be responsible for derangement 
of coagulation. In our study the deleterious effects 
of CPB are avoided and it was found that HES with 
higher molecular weight and degree of substitution 
cause more impairment of coagulation system. All 
colloid infusions cause a fall in plasma levels of 

clotting factors because of haemodilution and impair 
haemostasis. In our study we have found that PT, PTT 
are prolonged after colloid infusion which can be 
explained by haemodilution. Although postoperative 
bleeding was almost similar in groups II (LMW-HES 
130/0.4) and III (GEL), a significantly higher volume 
of succinylated gelatin was needed to be infused for 
intravascular volume maintenance, which indicates 
a weaker intravascular volume expansion effect of 
gelatins. In group I (MMW-HES 200/0.5) significantly 
higher volume was infused as compared to group II 
(LMW-HES 130/0.4) probably because of higher blood 
loss in group I (MMW-HES 200/0.5).

In a prospective study which compared 3.5% urea-
linked gelatin and MMW:HES 200/0.5 in cardiac 
surgical patients, the total blood loss was higher in 
HES group resulting in increased use of allergenic 
blood.[34] Our study demonstrates that MMW-HES 
200/0.5 causes significant (P < 0.05) lowering of vWF 
as compared to LMW-HES 130/0.4 and succinylated 
gelatin. The recovery of this factor to baseline levels 
dose not occur to the same degree with group I (MMW-
HES 200/0.5) as compared to group II (LMW-HES 
130/0.4) and gelatin group III (GEL); its levels increase 
beyond the baseline levels with LMW-HES 130/0.4 
and gelatin 6 hours postoperatively. A prospective 
study with LMW-HES 130/0.4 and gelatin in cardiac 
surgical patients undergoing coronary revisualization 
did not demonstrate a difference in blood loss in the 
two groups; large dose of aprotinin was used in both 
the groups and use of aprotinin might have blunted the 
negative effects of colloids on blood loss.[35] LMW-HES 
130/0.4, in moderate doses, did not show impaired 
haemostasis in patients undergoing major abdominal 
surgery and appears to be safe alternative plasma 
substitute for intravascular volume replacement. 
Our data suggest that LMW-HES 130/0.4 is a better 
alternative to both MMW-HES 200/0.5 and gelatin in 
patients undergoing OP-CABG because it causes least 
impairment of coagulation and is a good colloid for 
intravascular volume maintenance. In addition, there 
is evidence to show that LMW-HES 130/0.4 preserved 
endothelial haemostatic repair to after cardiac surgery. 
Intravascular volume replacement with LMW-HES 
130/0.4 reduces inflammatory response due to an 
improvement in microcirculation with reduced 
endothelial activation and less endothelial damage.[36] 

Limitation of the study
Though significant findings were found in terms of 
influence of colloid infusion on coagulation in patients 
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undergoing OP-CABG, the authors recognize that 
small patient population in the study is a limitation 
of the study.

CONCLUSION

6% LMW-HES-130/0/4 has less influence on 
coagulation parameters as compared to MMW-HES 
200/0.5 and modified fluid gelatin solution, when 
infused in OP-CABG patients.

REFERENCES

1. Boldt J. Influence of different colloid solutions on coagulation 
status in patients undergoing cardiac surgery. Ann Card 
Anaesth 2002;5:166-71.

2. Warren BB, Durieux ME. Hydroxyethyl starch: Safe or not? 
Anesth Analg 1997;84:206-12.

3. Gallandat Huet RC, Siemons AW, Baus D, van Rooyen-Butijn 
WT, Haagenaars JA, van Oeveren W, et al. A novel hydroxyethyl 
starch for effective perioperative plasma volume substitution in 
cardiac surgery. Can J Anaesth 2000;47:1207-15.

4. Haisch G, Boldt J, Krebs C, Suttner S, Lehmann A, Isgro F. 
Influence of a new Hydroxyethyl starch preparation (HES 130 
/0.4) on coagulation in cardiac surgical patients. J Cardiothorac 
Vasc Anesth 2001;15:316-21.

5. Vogt N, Drück A, Wohlfeld C. Effect and side effect of HES 
130/0.4/6% compared to HES 200/0.5/6% as plasma substitute 
for endoprothetic surgery [abstract]. Anesthesiol Intensivmed 
Notfallmed Schmerzther 1998;33:S162. 

6. Waitzinger J, Bepperling F, Pabst G, Opitz J, Fackelmeyer A, 
Boldt J. Effect of a new hydroxyethyl starch (HES) specification 
(6% HES 130/0.4) on blood and plasma volumes after bleeding 
in 12 healthy male volunteers. Clin Drug Invest 1999;17:119-25.

7. Jacob M, Rehm M, Orth V, Lötsch M, Brechtelsbauer H, Weninger 
E, et al. Exakte messung des volumeneffektes von 6%iger 
Hydroxythylsarke 130/0.4(volumen®) wahrend praoperativer 
acuter normovolamer Hamodilution. Anaesthesist 2003;52: 
896-904.

8. Boldt J. Volume therapy in cardiac surgery: Does the kind of 
fluid matter? J Cardiothorac Vasc Anes th 1999;13:752-63.

9. Egli GA, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn 
DR. Effect of progressive haemodilution with hydroxyethyl 
starch, gelatin and albumin on blood coagulation. Br J Anaesth 
1997;78:684-9.

10. Laxenaire MC, Charpentier C, Feldman L. Anaghylactoid 
reaction to colloid plasma substitute: incidence, risk factors, 
mechanisms: a French multi center prospective study. Ann Fr 
Anesth Reanim 1994;13:301-10. 

11. Langeron O, Doelberg M, Ang ET, Bonnet F, Capdevila X, 
Coriat P. Voluven, a lower substituted novel hydroxyethyl 
starch (HES 130 / 0.4) causes fewer effects on coagulation in 
major orthopedic surgery than HES 200 / 0.5. Anesth Analg 
2001;92:855-62.

12. Gallandat Huet RC, Siemons AW, Baus D, van Rooyen-Butijn 
WT, Haagenaars JA, van Oeveren W, et al. A novel hydroxyethyl 
starch (Voluven ®) for effective perioperative plasma volume 
substitution in cardiac surgery. Can J Anaesth 2000;47:1207-15.

13. Kasper SM, Meinert P, Kampe S, Görg C, Geisen C, Mehlhorn U, 
et al. Large-dose hydroxyethyl starch 130 / 0.4 does not increase 
blood loss and transfusion requirements in coronary artery 
bypass surgery compared with hydroxyethyl starch 200 / 0.5 at 
recommended doses. Anesthesiology 2003;99:42-7.

14. Boldt J, Haisch G, Suttner S, Kumle B, Schellhaass A. Effects 
of a modified, balanced hydroxyethyl starch preparation  
(Hextend R) on measures of coagulation. Br J Anaesth 

2002;89:722-8. 
15. Tabuchi N, de Haan J, Gallandat Huet RC, Boonstra PW, van 

Oeveren W. Gelatin use impairs platelet adhesion during 
cardiac surgery. Thromb Haemost 1995;74:1447-51. 

16. de Jonge E, Levi M, Berends F, van der Ende AE, ten Cate 
JW, Stoutenbeek CP. Impaired hemostasis by intravenous 
administration of a gelatin based plasma expander in human 
subjects. Thromb Haemost 1998;79:286-90.

17. Treib J, Haass A, Pindur G. Coagulation disorders caused by 
hydroxyethyl starch. Thromb Haemost 1997;78:974-83. 

18. de Jonge E, Levi M. Effects of different plasma substitutes 
on blood coagulation: a comparative review. Crit Care Med 
2001;29:1261-7.

19. Kuitunen A, Hynynen M, Salmenperä M, Heinonen J, Vahtera 
E, Verkkala K, et al. Hydroxyethyl starch as a prime for 
cardiopulmonary bypass: effects of two different solutions on 
hemostasis. Acta Anaesthesiol Scand 1993;37:652-8.

20. Blaicher AM, Reiter WJ, Blaicher W, Kettner SC, Felfernig 
M, Grabner CM, et al. The effects of hydroxyethyl starch on 
platelet aggregation in vitro. Anesth Analg 1998;86:1318-21. 

21. Franz A, Bräunlich P, Gamsjäger T, Felfernig M, Gustorff B, 
Kozek-Langenecker SA. The effects of hydroxyethyl starches of 
varying molecular weights on platelet function. Anesth Analg 
2001;92:1402-7. 

22. Huraux C, Ankri AA, Eyraud D, Sevin O, Ménégaux F, Coriat 
P, et al. Hemostatic changes in patients receiving hydroxyethyl 
starch: the influence of ABO blood group. Anesth Analg 
2001;92:1396-401. 

23. Strauss RG, Pennell BJ, Stump DC. A randomized, blinded 
trial comparing the hemostatic effects of pentastarch versus 
hetastarch. Transfusion 2002;42:27-36.

24. Ruttmann TG, James MF, Aronson I. In vivo investigation into 
the effects of haemodilution with hydroxyethyl starch (200/0.5) 
and normal saline on coagulation. Br J Anaesth 1998;80:612-6.

25. Jamnicki M, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn 
DR. Compromised blood coagulation: an in vitro comparison 
of hydroxyethy starch 130/0.4 and hydroxyethyl starch 200/0.5 
using thromboelastography. Anesth Analg 1998;87:989-93.

26. Entholzner EK, Mielke LL, Calatzis AN, Feyh J, Hipp R, 
Hargasser SR. Coagulation effects of a recently developed 
hydroxyethyl starch (HES 130/0.4) compared to hydroxyethyl 
starches with higher molecular weight. Acta Anaesthesiol 
Scand 2000;44:1116-21.

27. Innerhofer P, Fries D, Margreiter J, Klingler A, Kühbacher G, 
Wachter B, et al. The effects of peri operatively administered 
colloids and crystalloids on primary platelet mediated 
hemostasis and clot formation. Anesth Analg 2002;95:858-65.

28. Stibbe J, Kirby EP. The influence of Haemaccel, fibrinogen and 
albumin on ristocetin-induced platelet aggregation. Relevance 
to the quantitative measurement of the ristocetin cofactor. 
Thromb Res 1976;8:151-65.

29. Stibbe J, van der Plas PM, Ong GL, ten Hoor F, Nauta J, de Jong 
DS, et al. Effects of gelatin plasma substitutes, Haemaccel, 
Plasmagel and Plasmion (Geloplasma) on collagen, ADP and 
adrenaline induced aggregation of human platelets in vitro. 
Haemostasis 1971;10:276-88.

30. Haisch G, Boldt J, Krebs C, Suttner S, Lehmann A, Isgro F. 
Influence of a new hydroxyethylstarch preparation (HES 
130/0.4) on coagulation cardiac surgical patients J Cardiothorac 
Vasc Anesth 2001;15:316-21.

31. London MJ, Franks M, Verrier ED, Merrick SH, Levin J, Mangano 
DT. The safety and efficacy of ten percent pentastarch as a 
cardiopulmonary bypass priming solution. J Thorac Cardiovasc 
Surg 1992;104:284-96.

32. Tigchelaar I, Gallandat Huet RC, Korsten J, Boonstra PW, 
van Oeveren W. Hemostatic effects of three colloid plasma 
substitutes for priming solution in cardiopulmonary bypass. 
Eur J Cardiothorac Surg 1997;11:626-32.

33. Canver CC, Nichols RD. Use of intraoperative hetastarch 
priming during coronary bypass. Chest 2000;118:1616-20.

Muralidhar, et al.: Influence of colloid infusion on coagulation during OP-CABG 



153Indian Journal of Anaesthesia | Vol. 54| Issue 2 | Mar-Apr 2010

Source of Support: Nil, Conflict of Interest: None declared

34. Van der Linden PJ, De Hert SG, Daper A, Trenchant A, Schmartz 
D, Defrance P, et al. 3.5% urea-linked gelatin is as effective as 
6% HES 200/0.5 for volume management in cardiac surgery 
patients: [La gélatine à pont d’urée à 3,5 % est aussi efficace 
que de l’HEA 200/0,5 à 6 % pour le remplissage vasculaire des 
patients de chirurgie cardiaque]. Can J Anaesth 2004;51:236-41.

35. Van der Linden PJ, De Hert SG, Deraedt D, Cromheecke S, De 
Decker K, De Paep R, et al. Hydroxyethyl Starch 130/0.4 versus 
modified fluid gelatin for volume expansion in cardiac surgery 
patients: the effects on perioperative bleeding and transfusion 

needs. Anesth Analg 2005;101:629-34.
36. Lang K, Suttner S, Boldt J, Kumle B, Nagel D. Volume 

replacement with HES 130/0.4 may reduce the inflammatory 
response in patients undergoing major abdominal surgery [Le 
remplissage vasculaire avec de l’HEA 130/0,4 peut réduire 
la réaction inflammatoire chez des patients en chirurgie 
abdominale majeure]. Can J Anesth 2003;50:1009-16.

Muralidhar, et al.: Influence of colloid infusion on coagulation during OP-CABG 

OBITUARY

Prof. S. B. Lakamanahalli 
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Dr.  Sangappa Basappa Lakamanahalli from Dharwad Dist, got his MBBS Degree 
and MD Anaesthesiology from KMC Hubli in 1974. He worked as Registrar in 
JJMMC Davangere from 03-08-1978 to 15-04-1985, Later as Assistant Professor  
6 years until 01-08-1991. He was very popular teacher among the students and 
his own colleagues, for his simple and dignified personality. He joined JSSMC 
Mysore as Associate Professor in Sept. 1991, in 1992 as full time Professor, Prof. 
& HOD Anaesthesiology from 15-07-1996. 

On Nov. 6th 2006 he joined as a Senior Professor at Sri Devaraj Urs Medical  
college, Kolar and he was liked by one and all during his tenure. He was a 
unique personality, cool headed and a very kind hearted man. His honesty and 
simplicity are inspiration for the budding doctors. His main motto was talk less 
and work more.  He was an excellent teacher and also had a keen interest in 
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We all mourn for his absence, unexpected death, but his achievements and 
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