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POPULÄRVETENSKAPLIG SAMMANFATTNING 

 

Kan intravenöst glutamat användas som läkemedel, till patienter som har blivit 

opererade för hjärtinfarkt, utan att interagera med andra läkemedel som ges 

innan, under och efter operationen? 
 

Syrebrist i hjärtat är en viktig orsak till hjärtsvikt och död efter kranskärlsoperationer. Risken 

är särskilt stor vid akut operation på grund av hotande eller färsk hjärtinfarkt. Konventionell 

behandling av hjärtsvikt efter kranskärlsoperation med hjärtstärkande läkemedel, som ökar 

hjärtats syreförbrukning, kan förvärra en bakomliggande hjärtinfarkt. Glutamat, som är en 

aminosyra, har hävdats att öka hjärtats tolerans mot syrebrist och främja återhämtningen av 

hjärtats ämnesomsättning och pumpförmåga efter syrebrist. I GLUTAMICS-studien fann man 

att glutamat halverade risken att drabbas av svår hjärtsvikt efter akut och halvakut 

kranskärlsoperation på grund av hotande eller färsk hjärtinfarkt. Syftet med detta arbete var 

att undersöka om intravenös glutamat infusion även påverkade behovet av inotropa läkemedel 

i denna studie.  

Arbetet bygger på en retrospektiv granskning av operations och intensivvårdsjournaler från 

patienter i GLUTAMICS-studien. 824 patienter som genomgick isolerad akut eller halvakut 

kranskärlsoperation lottades till dubbel-blindad intravenös infusion av glutamat eller placebo 

(koksaltlösning).  

Resultaten visar att glutamat med undantag för minskat behov av adrenalin hade begränsad 

effekt på användning av hjärtstärkande läkemedel i allmänhet hos patienterna i 

GLUTAMICS. Hjärtstärkande läkemedel gavs ofta förebyggande och bara en fjärdedel av 

patienterna som fick hjärtstärkande läkemedel uppfyllde studiens kriterier för hjärtsvikt. 

Däremot fann vi att patienter med sviktande hjärta när hjärt-lungmaskinen skulle kopplas ur 

hade ett klart minskat behov av hjärtstärkande läkemedel om de fick glutamat. Dessa patienter 

kunde därmed också lämna intensivvårdsavdelningen tidigare. 

Sammanfattningsvis kan man säga att intravenös glutamatinfusion kan bli ett viktigt och 

skonsamt behandlingsalternativ för att stimulera hjärtats återhämtning efter skada orsakad av 

syrebrist i samband med hjärtoperation.   
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ABBREVIATIONS  

ATP adenosine triphosphate 

BMI body mass index 

CABG coronary artery bypasses graft  

CCS Canadian Cardiovascular Society  

CI confidence interval 

CO cardiac output 

COPD chronic obstructive pulmonary disease  

CPB cardiopulmonary bypass 

ECG electrocardiogram 

IABP intra-aortic balloon pump 

ICU intensive care unit 

LV left ventricular 
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ABSTRACT 

 

Introduction: In a double-blind randomized clinical trial (GLUTAMICS-ClinicalTrials.gov 

Identifier: NCT00489827), intravenous glutamate was associated with a risk reduction 

exceeding 50% for developing severe circulatory failure after isolated coronary artery bypass 

graft (CABG) for acute coronary syndrome (ACS). Here our aim was to investigate if 

glutamate also influenced the need or use of inotropes.    

Methods: Post hoc analysis of 824 patients in the GLUTAMICS-trial operated with isolated 

CABG for ACS. ICU-records were retrospectively scrutinized including hourly registration of 

inotropic drug infusion, dosage and total duration during the operation and postoperatively. 

Results: ICU-records were available for 171 out of 177 patients who received inotropes 

preoperatively. Only 26% of the patients treated with inotropes fulfilled study criteria for 

postoperative heart failure at weaning from CPB or later in the ICU. Inotropes were mainly 

given preemptively to facilitate weaning from CPB or to treat postoperative circulatory 

instability (bleeding, hypovolemia). With the exception of significantly lower need of 

epinephrine there were only trends towards lower need of other inotropes overall in favour of 

glutamate. In patients treated with inotropes (glutamate n=17; placebo n=13) who fulfilled 

criteria for left ventricular failure at weaning from CPB the average duration of inotropic 

treatment (34±20 v 80±77 hours; p= 0.014) and the number of inotropes used (1.35 ±0.6 v 

1.85±0.7; p=0.047) were lower in the glutamate group.  

Discussion: Intravenous glutamate had a limited effect on inotrope use overall in patients 

undergoing CABG for ACS whereas a substantial and significant effect was observed in 

patients with left ventricular failure at weaning from CPB. Glutamate treatment may therefore 

help patients predicted postoperative ventricular failure.  
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BACKGROUND  

 

Introduction 

All cellular processes require Adenosine Three Phosphate (ATP) as a primary energy source. 

The heart requires ATP for the function of membrane transport systems as well as for 

contraction and relaxation of cardiac muscle cells, myocytes. Any physiological or 

pathological process that increases the mechanical activity of the heart by increasing heart 

rate and contractility increases myocardial metabolism as well as oxygen demand. Oxygen 

deprivation leads to myocardial ischemia. A sudden, severe blockage of a coronary artery 

may lead to a myocardial infarction (MI). Myocardial ischemia may also cause serious 

abnormal heart rhythms like bradycardias (excessively slow heart rate) or tachycardias 

(excessively fast heart rate).  

 

Acute coronary syndrome  

Acute Coronary Syndrome (ACS) refers to a collection of groups of symptoms characteristic 

for obstruction of the coronary arteries. The most common symptoms leading to diagnosis of 

acute coronary syndrome is chest pain, often combined with nausea and sweating. Acute 

coronary syndrome is divided in three subgroups named: ST elevation myocardial 

infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI) and unstable angina. 

1 This division refer to appearance on electrocardiogram (ECG) that is characteristic for 

ACS outcomes after inspection. 2 Different steps in ACS from symptom to diagnosis are 

illustrated in figure 1. 

 

               Figure 1:  Different steps in ACS-process from symptom to final diagnosis. 
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Myocardial ischemia and heart failure in cardiac surgery 

Ischemia of some degree is unavoidable in association with cardiac surgery. It is conceivable 

that ischemic myocardial injury and heart failure was common in the early days of cardiac 

surgery before modern techniques of myocardial protection were developed. However, there 

is surprisingly little documentation about postoperative heart failure or low cardiac output 

syndrome. Although acknowledged as a major problem in cardiac surgery there are no 

generally accepted criteria for the diagnosis of postoperative heart failure. 4,41 This in turn 

could explain why treatment for postoperative heart failure is poorly documented with regard 

to clinical outcome. 3,4 In 1967 J Kirklin noted that when death occurs early after cardiac 

surgery it is often related to cardiac output. 5 As late as in 1985 Slogoff and Keats 

demonstrated that perioperative ischemia prior to cardiopulmonary bypass (CPB) was the 

main cause of myocardial infarction after coronary artery bypass graft (CABG). It was also 

shown that the incidence of postoperative myocardial infarction was closely related to the 

perioperative management of ischemia. 6 Other studies have confirmed the role of 

myocardial ischemia for precipitating postoperative myocardial infarction and postoperative 

heart failure after coronary surgery. 7,8,9 Patients that arrive to surgery with limited cardiac 

reserve i.e. preoperatively compromised left ventricular function are particularly likely to 

require treatment for postoperative heart failure. 10 By inventing new strategies in 

management of patients undergoing heart surgery we will be able to decrease postoperative 

heart failure and cardiac mortality even more. Besides using conventional pharmacological 

treatment, an alternative approach to prevent and treat postoperative heart failure could 

involve adherence to physiological principles to minimize myocardial and systemic oxygen 

expenditure, and specific measures such as metabolic interventions with glutamate to increase 

myocardial tolerance to ischemia and facilitate myocardial recovery after ischemia. 9 

 

Glutamate for metabolic intervention in coronary surgery  

Our knowledge about taking care of patients before, during and after surgery has developed 

progressively all the time during last decades but there is still much that needs to be explored 

and develop further for better understanding and less complications for patients after the 

surgery. 

One of these areas concerns use of amino acids to prevent heart failure during the operation 

and strengthen the heart's recovery after the procedure. 
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Knowledge of the use of any amino acid in clinical cardiac surgery has been limited. In 

particular, the use of glutamate, despite the fact that studies has confirmed that the heart uses 

glutamate during ischemia as an important metabolite. 11  

A critical point in cardiac surgery, when CPB (cardiopulmonary bypass) is used, is weaning 

from the CPB machine. To make weaning as smooth as possible inotropic drugs (positive 

inotropes) are used in cases when weaning from CPB is difficult or when difficulties are 

anticipated. Positive inotropes enhance myocardial contractions and heart rate. This process 

leads to increased oxygen consumption and increased use of the metabolites to secure 

adequate heart work and cardiac output. Adverse outcome after CABG is closely related to 

postoperative heart failure precipitated by ischemia and myocardial infarction. 7 Patients 

with preoperative left ventricular dysfunction are a high-risk group to develop postoperative 

heart failure. Restrictive use of inotropic drugs is particularly desirable in these patients, as 

they have limited myocardial reserve. An observational study on a metabolic strategy using 

glutamate as a metabolic support and restrictive use of inotropes showed that the overall 

thirty-day mortality was 1.0 % compared to expected mortality of 8.3 % according to logistic 

EuroSCORE. Crude five-year survival overall was 89.4 %. 12 

 

The GLUTAMICS-trial investigated if intravenous glutamate infusion given in association 

with surgery for acute coronary syndrome could prevent myocardial injury, postoperative 

heart failure and reduce mortality. 13 The study was negative with regard to the primary 

endpoint, which was a composite of postoperative mortality, perioperative myocardial 

infarction and heart failure on weaning from CPB. At an early stage of the GLUTAMICS-trial 

the clinical endpoints committee identified that preemptive use of inotropic drugs in patients 

with anticipated circulatory problems often prohibited the diagnosis of heart failure on 

weaning from cardiopulmonary bypass even in patients that later developed severe heart 

failure.  

 

Intravenous glutamate was associated with a significant reduction of severe circulatory failure 

postoperatively in most high-risk groups. Patients with heart failure at weaning from CPB had 

substantially shorter ventilator treatment and ICU-stay if they were treated with glutamate. 

The authors concluded that these results were compatible with a beneficial effect of glutamate 

on myocardial recovery postoperatively. 13 
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However, it could be argued that other factors such as differences in the use of inotropic drugs 

could have explained the results. If glutamate enhances myocardial recovery in post-ischemic 

heart failure one would expect it to be accompanied with a reduced need for inotropic drugs. 

 

 

 

 

 

AIM OF THE STUDY 

The primary aim of this study is to investigate if intravenous glutamate infusion influenced 

the use of inotropic drugs in patients operated for acute coronary syndrome in the 

GLUTAMICS-trial. The secondary aim was to investigate if glutamate due to its suggested 

vasodilatory properties influenced the need for vasoconstrictor therapy (noradrenaline) early 

postoperatively.  
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MATERIAL AND METHODS 

This study is a post hoc analysis of a prospective randomized clinical trial, the GLUTAMICS-

trial. 13 824 patients in the GLUTAMICS-trial were operated with isolated CABG for acute 

coronary syndrome between October 4, 2005 and November 12, 2009 at three Swedish 

Cardiac Surgery Centres (University Hospital of Linköping, Örebro University Hospital and 

Blekinge County Hospital in Karlskrona). Details of the GLUTAMICS-trial are given in the 

Appendix. ICU medical records from GLUTAMICS-trials patients were retrospectively 

scrutinized including hourly registration of inotropic drug infusion, dosage and total duration 

during the operation and postoperatively. ICU-records were available for 171 out of 177 

patients who received inotropes preoperatively. 

 

Intervention 

Intravenous infusion of 0.125M glutamate or saline solution at a rate of 1.65 ml/kg body 

weight and hour commencing at the induction of anaesthesia and discontinued 2.5 hours after 

declamping the aorta or when total of 500 ml had been infused.  

 

Glutamate solution 

500 ml 0.125M solution of L-glutamic acid with pH 6.0 and 280 mosmol/kg containing L-

glutamic acid 9.2g, NaCl 0.8g, H2O ad 500 ml and NaOH quantum satis. 

Apoteket AB, Production and Laboratories (APL), Box 6124, SE 90604 Umeå, Sweden did 

production of glutamate solution and quality control. 

 

Inclusion criteria 

Inclusion criteria were isolated coronary artery bypass surgery for acute coronary syndrome. 

Patients were eligible for inclusion regardless if the procedure was done on-pump or off-

pump. 

 

Exclusion criteria 

Exclusion criteria were, informed consent not possible because of critical condition or other 

reason, preoperative use of inotropic drugs or mechanical circulatory assist, unexpected 

intraoperative finding or event that increased the dignity of the procedure to overshadow the 

originally planned operation, preoperative dialysis, redo-procedure, age > 85 years, body 

weight >125 kg and food allergy known to have caused flush, rash or asthma. 
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Definitions  

Postoperative heart failure was categorized into heart failure evident at weaning from 

cardiopulmonary bypass or late circulatory failure presenting after apparently uncomplicated 

weaning. Late circulatory failure was classified as cardiac or non-cardiac in origin. 

Prespecified criteria available in the Appendix were used to determine if heart failure was 

present. Severe circulatory failure was defined as heart failure leading to death or requiring 

ICU stay ≥ 48 hours with intra-aortic balloon pump for ≥24 hours or inotropic agents in 

dosages according to Appendix for ≥24 hours. 

 

Postoperative mortality was defined as mortality within 30 days of surgery. Hospital mortality 

was defined as mortality during the first hospitalization period including stay at the referral 

hospital after discharge from the cardiac surgical unit. Cardiac cause of death was assessed by 

the endpoints committee.  

 

Inotropic drugs 

Inotropic drugs used during the study period were adrenaline, milrinone (Corotrop
TM

), 

levosimendan (Simdax
TM

 ) and dopamine. Adrenaline and milrinone were the most used 

drugs whereas levosimendan and dopamine only were used in a small fraction.  Therefore we 

present the results for inotrope use overall and separately only for adrenaline and milrinone 

treatment (table 4). Noradrenaline was used liberally as a vasoconstrictor and its dosages were 

registered for the first fifteen postoperative hours.  

 

Ethics 

After written informed consent the patients were enrolled in the study.  The study was 

performed according to the Helsinki Declaration of Human Rights and was approved by the 

Swedish Medical Products Agency (151:2003/70403) and the Regional Ethical Review Board 

in Linköping (M76-05). 

 

 

Statistics 

The data are presented as percentages or means ± standard deviation. Two-sided significance 

tests with Fisher’s exact for categorical data and Student’s t-test or Mann-Whitney U test for 

continuous variables as appropriate were used for comparisons between the study groups. For 

all tests statistical significance was defined as p<0.05. 
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RESULTS 

Preoperative data 

Preoperative data for patients undergoing isolated CABG for acute coronary syndrome in the 

GLUTAMICS-trial is given in table 1. Despite randomization there were minor differences 

with significantly more patients having left main stenosis and extra-cardiac arterial disease in 

the glutamate group. There was also a trend toward a higher risk profile according to 

EuroSCORE in the glutamate group. 

 

Intraoperative data 

Intraoperative data for patients undergoing isolated CABG for acute coronary syndrome in the 

GLUTAMICS-trial is given in table 1. There were no significant differences between the 

groups. 

 

Postoperative data 

Postoperative data for patients undergoing isolated CABG for acute coronary syndrome in the 

GLUTAMICS-trial showed that glutamate treatment was associated with a significantly lower 

incidence of severe circulatory failure (1.5% v 3.9%; p=0.049) (Table 1).  

 

Postoperative data for all patients treated with inotropes after isolated CABG for acute 

coronary syndrome in the GLUTAMICS-trial showed that glutamate treatment was associated 

with a significantly lower incidence of severe circulatory failure (6.2% v 17.5%; p=0.03) and 

a lower need for intra-aortic balloon pump (0% v 5.2%; p=0.04) (Table 2). 

 

Postoperative data for patients treated with inotropes because of heart failure at weaning from 

CPB after isolated CABG for acute coronary syndrome in the GLUTAMICS-trial  showed 

that glutamate treatment was associated with a significantly lower incidence of severe 

circulatory failure (11.8% v 61.5%; p=0.007), shorter ventilator treatment and shorter stay in 

the ICU (Table 3). 

 

Inotrope use 

ICU-records were available for 171 out of 177 patients who received inotropes 

preoperatively. Details of inotrope use are given in tables 1-3. Only 26% of the patients 

treated with inotropes fulfilled study criteria for postoperative heart failure at weaning from 

CPB or later in the ICU. Inotropes were mainly given preemptively to facilitate weaning from 

CPB or to treat postoperative circulatory instability (bleeding, hypovolemia). With the 



 13 

exception of significantly lower need of adrenaline there were only trends towards lower need 

of other inotropes overall in favor of glutamate (Table 1-2).  

 

In patients treated with inotropes (glutamate n=17; placebo n=13) who fulfilled criteria for 

left ventricular failure at weaning from CPB the average duration of inotropic treatment 

(34±20 v 80±77 hours; p= 0.014) and the number of inotropes used (1.35 ±0.6 v 1.85±0.7; 

p=0.04) were lower in the glutamate group (Table 3). 

 

Vasoconstrictor use 

Details of noradrenaline use overall was not recorded. Details of noradrenaline use during the 

first 15 postoperative hours in patients treated with inotropes are given in tables 2-3. In 

patients treated with inotropes 71% in the control group and 70% in the glutamate group 

received noradrenaline. Dosages did not differ significantly between the groups. Glutamate 

treatment was associated with lower noradrenaline requirements in patients treated with 

inotropes because of heart failure at weaning from CPB (Table 3). 
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Table 1: Preoperative, intraoperative and postoperative data in patients undergoing isolated 

CABG for acute coronary syndrome in the GLUTAMICS-trial. 

 Placebo n=413 Glutamate n=411 p-value 

Preoperative data    

Age (years) 68±9 68±9 0.30 

Female 18.9 % 17.5 % 0.65 

Weight (kg) 83±15 81±14 0.25 

Length (cm) 173±8 173±8 0.59 

BMI (kg/m2) 27±4 27±4 0.10 

B-Hb (g/l) 137±14 137±14 0.68 

p-Creatinine (µmol/l) 97±29 98±27 0.60 

Hypertension 60 % 56 % 0.29 

COPD 5.1 % 7.9 % 0.09 

Diabetes 26 % 24 % 0.50 

Extra-cardiac arterial disease 9 % 14 % 0.049 

CCS class IV angina 56 % 55 % 0.73 

Left main stem stenosis 34 % 42 % 0.02 

Myocardial Infarct  < 24 h  1.2 % 0.2 % 0.22 

Moderate-Severe LV-dysfunction  18.6 % 18.0 % 0.86 

EuroSCORE 4.9±2.7 5.2±2.7 0.10 

Intraoperative data    

Number of bypasses 3.9±1.1 4.1±1.0 0.18 

Cross-clamp time (min) 52±18 51±18 0.51 

CPB time (min) 80±25 81±28 0.61 

Indications for inotropes    

Preemptively before weaning from 

CPB 

9.0% 9.7% 0.81 

LV-failure at weaning from CPB 3.4 % 4.4 % 0.48 

Late onset cardiac failure 1.9 % 1.9 % 1.0 

Cardiac failure postoperatively (total) 5.3 % 6.3 % 0.54 

Late circulatory failure non-cardiac 3.4 % 1.5 % 0.11 

Other 0.9% 5.4% 0.001 

Circulatory treatment    

Inotropes (total) 18.6% 22.9% 0.15 

Adrenaline 11.9% 16.1% 0.09 

Milrinone 9.4% 9.0% 0.90 

Levosimendane 3.6% 3.4% 1.0 

Dopamine 1.7% 2.7% 0.35 

Intra-aortic balloon pump 1.2% 0% 0.06 

Postoperative outcome    

Time on ventilator (h) 13±54 10±37 0.35 

ICU stay (h) 31±58 30±52 0.77 

Severe circulatory failure  3.9% 1.5% 0.049 

Stroke within 24 (h)  1.5 % 1.0 % 0.53 
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Cardiac mortality 0.7% 0.2% 0.62 

30 days mortality 1.0% 0.7 % 0.71 

Hospital mortality 1.2 % 1.2 % 0.74 
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Table 2: Circulatory treatment and postoperative outcome in all patients treated with 

inotropes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*average for all patients treated with inotropes **average for patients treated with specific 

drug 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All patients treated with inotropes Placebo n=77 Glutamate n=94  

Circulatory treatment    

Inotropes (total) 100% 100%  

Inotropes duration (hours) 38±46  29±30 0.14 

Number of inotropes 1.4±0.6  1.3±0.6 0.45 

Adrenaline 63.6% 70.2% 0.41 

Adrenaline duration (hours)* 28±49  17±25 0.049 

Adrenaline duration (hours)** 44±55 24±27 0.01 

Average max dosage µg/kg/min** 0.028±0.016 0.028±0.020 0.94 

Milrinone 50.6% 39.4%   0.16 

Milrinone duration (hours)* 14±25 9±19 0.14 

Milrinone duration (hours)** 27±30 22±25 0.44 

Average max dosage µg/kg/min** 0.40±0.14 0.36±0.12 0.28 

Noradrenaline 71.4% 70.2% 1.0 

Average max dosage µg/kg/min* 0.084±0.093 0.068±0.089 0.24 

Average max dosage µg/kg/min** 0.118±0.090 0.097±0.092 0.20 

Intra-aortic balloon pump 5.2% 0% 0.04 

Postoperative outcome    

Time on ventilator (hours) 34±95 26±74 0.54 

ICU stay (hours) 63±98 59±78 0.79 

Severe circulatory failure 17.5 % 6.2 % 0.03 

Stroke within 24 hours 2.6 % 3.2 % 1.0 

Cardiac mortality 2.6% 1.1% 0.59 

30 day mortality 1.3% 2.1% 1.0 

Hospital mortality 2.6 % 3.2 % 1.0 
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Table 3: Circulatory treatment and postoperative outcome in patients treated with inotropes 

because of heart failure on weaning from CPB.  
 

 
 Placebo n=13 Glutamate n=17 p-value 

Inotropes (total)  100% 100% 1.0 

Inotropic duration (hours)* 85±77 34±20  0.014 

Number of inotropes 1.8±0.7 1.3±0.6 0.04 

Adrenaline 85% 88% 1.0 

Adrenalin duration (hours)* 78±82 25±19 0.016 

Adrenalin duration (hours)** 92±82 28±17 0.007 

Average max dosage µg/kg/min** 0.031±0.012 0.029±0.030 0.73 

Milrinone 54% 35% 0.46 

Milrinone duration (hours)* 33±52 9±14 0.09 

Milrinone duration (hours)** 60±60 27±8 0.20 

Average max dosage µg/kg/min** 0.38±0.15 0.36±0.02 0.78 

Noradrenaline 85% 59% 0.23 

Average max dosage µg/kg/min* 0.089±0.096 0.034±0.033 0.03 

Average max dosage µg/kg/min** 0.106±0.095 0.058±0.022 0.14 

Intra-aortic balloon pump 31% 0% 0.03 

Postoperative outcome    

Time on ventilator (hours) 109±192 6±3 0.033 

Time on ventilator >48 hours 46 % 0.0 % 0.003 

ICU stay (hours) 150±186 45±38 0.031 

Severe circulatory failure 61.5 % 11.8 % 0.007 

Stroke within 24 hours 0.0 % 0.0 % 1.0 

Cardiac mortality 15.4% 5.9% 0.56 

30 day mortality 15.4% 5.9% 0.56 

Hospital mortality 15.4 % 5.9 % 0.56 

 

 

 

*average for all patients treated with inotropes because of heart failure on weaning from 

CPB  **average for patients treated with specific drug 
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DISCUSSION 

The main finding of this post-hoc analysis of the GLUTAMICS-trial is that glutamate 

treatment was associated with a reduced need for inotropes in patients with heart failure on 

weaning from CPB. Glutamate infusion was not associated with an increased need for 

vasoconstrictors suggesting that any vasodilator properties of glutamate in the dosage used is 

limited. 

 

Postoperative heart failure or low cardiac output syndrome is the major cause for morbidity 

and mortality in cardiac surgery. 7,8 Already in the beginning of the era of heart surgery it 

was noted that early death after cardiac surgery was related to low cardiac output 

postoperatively 5 Although the hazards of low cardiac output syndrome have been known 

for a long time, there is no consensus on how to define postoperative heart failure. 

Furthermore, there are no generally accepted guidelines for treatment of postoperative heart 

failure 3,4,41 Different strategies for treatment with inotropic, metabolic and mechanical 

support depend on local clinical practice or are up to the discretion of the individual 

physician. 3 

 

Inotropic drugs improve cardiac output but this is associated with a marked increase in 

myocardial workload and oxygen consumption. 45 In the early postoperative period after 

cardiac surgery the heart is in a vulnerable state recovering from ischemia. Inotropic agents 

can aggravate the consequences of ischemia. It has been demonstrated that ischemia and 

evolving myocardial infarction account for a large proportion of postoperative heart failure 

after CABG. 6,7,9 

 

The role of inotropes in cardiac surgery is therefore controversial.  Some authors claim that 

liberal use of inotropes and goal-directed hemodynamic therapy can improve outcome 

whereas other have reported that liberal use of inotropes was associated with increased 

morbidity and mortality. 3,6,43  

In clinical practice the use of inotropes in cardiac surgery varies much between different 

institutions and different physicians as evidence-based guidelines are lacking. 3 In the 

present study only 26% of the patients treated with inotropes fulfilled study criteria for heart 

failure.  

Glutamate could influence outcome after myocardial ischemia by two different biochemical 

mechanisms. First, glutamate improves myocardial tolerance to ischemia by facilitated 

anaerobic metabolism and substrate level phosphorylation during ischemia. The second 
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mechanism is related to the anaplerotic role of glutamate. Glutamate plays a key role for 

replenishment of Krebs cycle intermediates lost during ischemia, which enhances post-

ischemic recovery of myocardial oxidative metabolism and function.  

 

In animal in vitro and in vivo models numerous studies have shown that glutamate protects 

the myocardium from ischemia and promotes recovery of oxidative metabolism after 

ischemia. In humans intravenous glutamate infusion has been shown to promote metabolic 

and hemodynamic recovery after cardiac surgery. 6,29,31,33 

 

Promoting metabolic and functional recovery with metabolic support represents a novel 

concept in the treatment of heart failure after acute ischemia. Intravenous glutamate improved 

metabolic and hemodynamic recovery early after CABG. 15,31 Early clinical experience 

with intravenous metabolic support showed that the need for inotropes could almost be 

abolished while clinical outcomes with regard to postoperative mortality, postoperative renal 

dysfunction and long-term survival compared favorably with literature. 12 This encouraging 

experience contributed to the initiation of the GLUTAMICS-trial. 13 

 

The GLUTAMICS-trial was negative with regard to the primary endpoint. 13 However, the 

study included a high proportion of low risk patients and furthermore the design of the 

primary endpoint suffered from liberal preemptive use of inotropes in patients anticipated to 

have weaning problems. It became evident at clinical endpoint committee meetings that 

preemptive use of inotropes prevented detection of weaning problems in patients who later 

developed severe circulatory failure. The secondary endpoint severe circulatory failure 

discriminated mild short-lasting heart failure at weaning from cardiopulmonary bypass from 

clinically significant heart failure requiring substantial circulatory support and leading to 

prolonged ICU stay or death. A relative risk reduction exceeding 50% for developing severe 

circulatory failure was seen in most risk groups undergoing isolated CABG. 13 For those 

who believe that inotropes are beneficial after cardiac surgery the present post-hoc analysis 

clearly shows that these results were not explained by more liberal use of inotropes in the 

glutamate group.  On the contrary, glutamate infusion was associated with a reduced need for 

inotropes in patients fulfilling criteria for heart failure on weaning from CPB, which is 

compatible with the suggested mechanism of glutamate, i.e to promote post-ischemic 

recovery of the heart. These results also agree with previous clinical experience, which has 

showed that metabolic support can achieve excellent clinical outcomes with reduced need for 

inotropes. 12,44 



 20 

The fact that glutamate had a limited impact on inotrope use overall is not unexpected given 

that only about one fourth of the patients treated fulfilled criteria for heart failure. 

 

This post-hoc analysis is unique as it, to our knowledge, is the first to provide a detailed 

investigation on the hourly use of inotropes and vasoconstrictors postoperatively after cardiac 

surgery. Certain study limitations also deserve comment. The criteria used for postoperative 

heart failure in the GLUTAMICS-trial are inevitably debatable. Although this condition is a 

major cause for postoperative mortality generally accepted criteria for this diagnosis are 

lacking. To address this issue the investigators had based the criteria on variables documented 

with regard to outcome and provided the blinded clinical endpoints committee with strict 

prespecified criteria to minimize bias from individual clinical judgement. 47 

 

A concern with the use of glutamate is that it may act as an excitotoxin under certain 

conditions and participate in events leading to neurological damage. Available data have not 

demonstrated any increase in clinically evident neurological injury when glutamate enhanced 

cardioplegic solutions or intravenous infusions have been used in clinical practice. 45,46 No 

evidence of subclinical neurological injury associated with intravenous glutamate infusion 

was found in the GLUTAMICS-trial or in the S-100B substudy. 39 Another concern has 

been suggested vasodilatory properties occasionally observed in association with glutamate 

enriched blood cardioplegia. 40 In this post-hoc analysis no increase in the need for 

vasoconstrictors were observed with the dosage of glutamate used during first fifteen 

postoperative hours when the effect of glutamate should have subsided. With the infusion rate 

used a decrease to normal blood levels of glutamate has been observed within 30 minutes 

after discontinuation of the infusion. 15 Thus, it appears that intravenous glutamate 

infusions in the dosages employed can be safely administered to patients undergoing cardiac 

surgery. 

To conclude, intravenous glutamate had a limited effect on inotrope use overall in patients 

undergoing CABG for acute coronary syndrome whereas a substantial and significant 

reduction was observed in patients with heart failure at weaning from CPB. Only about one 

fourth of the patients treated with inotropes in the GLUTAMICS-trial fulfilled criteria for 

heart failure. 
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APPENDIX 

Acute coronary syndrome (ACS) 

ACS refers to a collection of groups of symptoms characteristic for obstruction of 

the coronary arteries. The most common symptoms leading to diagnosis of acute coronary 

syndrome is chest pain, often combined with nausea and sweating. Acute coronary syndrome 

is divided in three subgroups named: ST elevation myocardial infarction (30%), non-ST 

elevation myocardial infarction (25%), or unstable angina (38%). 1 

These divisions refer to appearance on electrocardiogram (ECG) that is characteristic for ACS 

outcomes after inspection. Non-ST segment elevation myocardial infarction (NSTEMI) 

and ST segment elevation myocardial infarction (STEMI) are more commonly called 

myocardial infarction (MI). These two conditions as well as unstable angina are classified 

under acute coronary syndrome. 2 

ACS should not be misconceiving as stable angina, which develops during physical activity 

and resolves at rest. In contrast with stable angina, unstable angina occurs suddenly and 

mostly without warning, often with minimal physical activity or even at rest, or at lesser 

degrees of exertion than the individual's previous angina (crescendo angina). Incipient angina 

is also classified as unstable angina, since it suggests a new problem in a coronary artery. 16 

The most common cause of ACS is related to conditions leading to coronary thrombosis 

(blood platelet aggregation). However, there are many other conditions that can result in ACS. 

These conditions are including cocaine use, cardiac chest pain caused by anaemia (red blood 

cell disorder), bradycardia (excessively slow heart rate) or tachycardia (excessively fast heart 

rate). 17 

 

Pathophysiology of ACS 

Atherosclerosis is the term for changes in the blood vessels (endothelium) occurs 

continuously throughout a person's lifetime. Worst imaginable change, the blocking of the 

vessel lumen, leads to ischemia and ultimately cell death in the form of necrosis in the distal 

direction of blocking are. Such changes accelerated by factors such as hypercholesterolemia, 

diabetes, smoking, high blood pressure, obesity, physical inactivity. 18 

When the initial endothelial damage has occurred the inflammatory process is the next step to 

take place. Inflammation plays a critical role in endothelial dysfunction by recruitment of 

inflammatory cells, especially monocytes. Monocytes migrate into the subendothelium area 

and bind to endothelial adhesion molecules then they undergo differentiation and become 

macrophages. Macrophages digest oxidized low-density lipoprotein (LDL) that has also 
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penetrated the arterial wall. Macrophages then undergo a transformation process and become 

so called foam cells, which finally cause the formation of fatty streaks. The activated 

macrophages release so called chemoattractants and cytokines (protein 1, tumour necrosis 

factor α, and interleukins) that enhances the process by recruiting additional macrophages and 

vascular smooth muscle cells (which functions as the source for production of extracellular 

matrix components) at the site of the inflammatory area or so-called plaque. Macrophages 

also elaborate matrix metalloproteinases, enzymes that digest the extracellular matrix and lead 

to plaque disruption. Rupture of plaques (vulnerable plaques) causes ACS. 19 Autopsy 

studies have shown that plaque rupture causes approximately 75 % of fatal myocardial 

infarctions, whereas superficial endothelial erosion accounts for the remaining 25 %. 20   

 

Signs and symptoms  

Key symptoms of ACS are caused by reduced blood flow to the coronary arteries. Insufficient 

blood supply leads to discomfort in the heart area of the chest that may radiate further towards 

the left arm and neck. This is experienced usually as a diffuse pain that arises acutely in ACS 

patients at rest or during physical activity.  

Other signs and symptoms related to ACS are dyspnea (shortness of breath), syncope or 

presyncope feeling, nausea/vomiting/seasickness, light-headedness or diaphoresis/sweating. 

3 

 

Diagnosis  

Anamnesis, medical history and physical examination are first step in taking action for 

diagnosis of ACS. For not so long time ago it was a big challenge for an emergency room 

physician to distinguish ACS from non-cardiac chest pain. Technological developments have 

led to not only the improvement of old methods but also to the development of new methods 

in laboratory and modern imaging technique. Today beside Anamnesis and Physical 

Examination Electrocardiography, Cardiac Biomarkers (Troponin, CK-MG, Myoglobin) of 

Necrosis are obligate for surely putting ACS as the correct diagnosis. 18 

The diagram below is a simplified definition of ACS. Myocardial infarction diagnosis is a 

combination of different aspects of changes in myocytes (heart cells). These combinations can 

be divided more commonly in seven points of view: pathology, biochemistry, 

electrocardiography, imaging, clinical trials, epidemiology and public policy. This is an 

indication that the term MI should not be used without further description of condition of 

heart cells, heart as an organ and systemic impact. 17  
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Treatment 

‘’Time is heart muscle’’ is usually used in educational purposes. Main goal for the treatment 

of ACS is to prevent further damages to the heart muscle after a myocardial infarction. It is 

necessary to act fast after the appearance of the first symptoms of a MI. Diagnosis and 

treatment of a MI begins already in the ambulance by medical personal. Treatment can be 

divided in three major groups: pre-diagnostic, medical and surgical treatment. 

 

Pre-diagnostic treatment 

Certain treatments usually are started right away if a myocardial infarction is suspected, even 

before the diagnosis is confirmed. These include: 

 Oxygen therapy 

 Acetylsalicylic acid like Aspirin to prevent further blood clotting 

 Nitroglycerin to reduce heart's workload and improve blood flow  

 Analgesic treatment for chest pain 

Once the diagnosis of a heart attack is confirmed and the patient is in place the treatments for 

promptly restoration of blood flow to the heart is started. The two main treatments for this 

purpose are thrombolytic medicines and percutaneous coronary intervention (PCI), sometimes 

referred to as coronary angioplasty, a nonsurgical procedure used to open blocked coronary 

arteries by using a small mesh tube called stent in the artery. 

Medical treatment 

Four major groups of medicines are usually used as a very important part of treatment of MI 

in ACS. Chiefly all medications given affect not only the heart but also have some systemic 

effects. These groups of medicines are: 

 Anticoagulants 

 Anticlotting medicines 

 ACE inhibitors 

 Beta-blockers 

There are some additional medications that can be given to relieve pain, anxiety and treat 

arrhythmias (which often occur during a MI) or to lower the cholesterol (these medicines are 

called statins).  
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Surgical treatment 

Coronary artery bypass grafting (CABG) is the main surgical method used in treating ACS. 

During CABG a surgeon removes a healthy artery or vein from the body (usually Vena 

Saphena Magna from one leg). The artery or vein is then connected, or grafted, to the blocked 

coronary artery. The grafted artery or vein bypasses (that is, goes around) the blocked portion 

of the coronary artery. This provides a new route for blood to flow to the heart muscle. 

 

Treatment After Leaving the Hospital 

Most of the patients spend several days in the hospital after a MI. By leaving the hospital they 

start a new step in further treating they MI at home. The treatment may include daily 

medicines and cardiac rehabilitation. Most often changes in lifestyle are recommended. 

Recommendations may include changes in diet, starting physical activity, reducing body 

weight and quitting smoking. 21 

 

Cardiac Rehabilitation 

Cardiac rehab is a medically supervised program that may help improve the health and well 

being of people who have heart problems. The cardiac rehab team may include doctors, 

nurses, exercise specialists, physical and occupational therapists, dieticians or nutritionists, 

and psychologists or other mental health specialists. 

Rehab has two parts: 

 Exercise training. This part helps patients learn how to exercise safely, strengthen 

muscles, and improve stamina. Exercise plan will be based on personal abilities, 

needs, and interests. 

 Education, counselling, and training. This part of rehab helps patients to understand 

heart condition and find ways to reduce risk of future heart problems. The rehab team 

will help patients learn how to cope with the stress of adjusting to a new lifestyle and 

deal with fears about the future. 21,22 
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GLUTAMATE 

Glutamate has been used as a flavour enhancer since the ancient roman kitchen. The 

substance was identified in 1866 by the German chemist K Ritthausen. Glutamic acid is 

responsible for the fifth taste, Umami, termed by Japanese scientist K Ikeda in 1907. 

Professor Ikeda patented a method for mass production in 1908. 27 The commercially 

produced glutamic acid is monosodium glutamate, MSG. The global demand of MSG is about 

1.7 million tons per year. 24 

Glutamate C5H9NO4 is one of the 20-22 proteinogenic amino acids. By proteinogenic it 

means amino acids that are precursors to proteins, and are produced by cellular machinery 

coded for in the genetic code of any organism. 23 Its codons are GAA and GAG, a non-

essential amino acid, and it is the salt of glutamic acid, which there are two forms, L-glutamic 

acid and D-glutamic acid. The carboxylate anions and salts of glutamic acid are known 

as glutamates. The only form of glutamic acid found in higher organisms and proteins is L-

glutamic acid, whereas D-glutamic acid only is found in the cell wall of certain bacteria. 

In neuroscience, glutamate is an important neurotransmitter that plays a key role in long-term 

potentiation and is important for learning and memory. 

In humans glutamate plays an important roll in cellular metabolism and works as a key 

member in the citric acid cycle as well as clearance of excess nitrogen and lactate.  

In central nervous system (CNS) glutamates act as an excitatory neurotransmitter and is 

involved in cognitive functions like learning and memory.  24,25 

Excessive amount of glutamate in CNS acts as excitotoxin and may cause neurological 

damage. Studies with glutamate administration has been shown to cause neurological damage 

in rodents but not in primates due to the blood-brain barrier that prevents passage of 

exogenous glutamate to the brain. 26 

Glutamate accounts for 20 % of body protein, which is around 2 kilograms in a person 

weighting 70 kilograms. Only 10 grams of this is free and less than 0.1 gram is free in 

circulation. Extensive use of MSG as a food additive has been claimed to cause the ‘’ Chinese 

restaurant syndrome’’ supposed to be a hypertensive allergic reaction to MSG, however, 

several studies could not link MSG to symptoms associated with the ‘’ Chinese restaurant 

syndrome’’. 28  

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Genetic_code
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GLUTAMATE IN CARDIAC SURGERY 

Observations about amino acids in heart and vascular medicine started back in 1970. In 1976 

Mudge et al observed that patients with ACS had changes in amino acids, which were 

characteristics just for these groups of patients. These patients exhibited an increased 

myocardial glutamate uptake and an increased release of alanine. 29 Further investigations 

showed that these amino acids were protectors of myocardium and prevented myocytes from 

ischemia and promoted recovery of oxidative metabolism after ischemia. Specifically 

glutamate has an important roll in cardiac metabolism and ischemia. That is the explanation 

why glutamate has been a target in cardiac surgery since then. In 1979 a group of scientists in 

United States of America observed that certain amino acids protected isolated rabbit 

myocardium from damages caused by reduced blood oxygen (hypoxia). These amino acids 

were glutamate, aspartate, ornithine and arginine. What was more interesting was that all of 

these amino acids were part of so called malate-aspartate shuttle which links metabolism in 

the cytosol with mitochondria. 28  

Later in 1983 Thomassen et al showed that glutamate administration was associated with 

delayed onset of angina pectoris and ECG-changes in patients who underwent exercise testing 

and pacing. 30 

Further in 1985 Pisarenko et al preformed studies showing hemodynamic wins and metabolic 

effects of intravenous glutamate infusion to patients treated with dopamine because of heart 

failure postoperative after a cardiac surgery. 31 

Later it was confirmed that myocardial uptake of amino acids particular glutamate contributed 

to normalization of myocardial substrate exploitation after CABG. 35 And infusion of 

intravenous glutamate after CABG was associated with increased myocardial uptake of 

glutamate, improved lactate utilization and improved hemodynamic state. 32 

In some other studies doctors observed improved cardiac output due to peripheral 

vasodilatation after intravenous glutamate infusion in routine CABG procedures but failed to 

show any metabolic changes. 33,34 

In 1987 Pisarenko et al observed a positive effect on ATP preservation in human myocardium 

during cardioplegic arrest (temporary intentional stoppage of electrical and mechanical 

cardiac activity). They found that enrichment of blood cardioplegic solution by glutamic acid, 

which may act as a substrate for anaerobic energy production, provides more effective 

myocardial protection during ischemic heart arrest. 34 

Intravenous infusion preoperative and postoperative makes it possible to supply myocardium 

in high-risk patients without adventuring cardiac stability during operation. This has given the 

opportunity to monitor and observe long and short time changes in patients supplied 
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intravenously with substances like glutamate. Based on this experience the GLUTAMICS-

trial (prospective, randomized, placebo controlled, double blinded trial with parallel 

assignment to glutamate or placebo groups) was designed and underwent to gather further 

more information and knowledge in cardiac surgery with glutamate being a part of the 

process.  
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GLUTAMICS TRIAL 

GLUTAmate for Metabolic Intervention in Coronary Surgery (ClinicalTrials.gov Identifier: 

NCT00489827). 

 

The study was approved by the Swedish Medical Products Agency (151:2003/70403) and the 

Regional Ethical Review Board in Linköping (M76-05). Amendments were accepted by the 

Swedish Medical Products Agency 2006-08-31, 2007-05-08, 2007-11-01 and 2007-11-19. 

 

External randomization in variable block sizes was done by Apoteket AB, Produktion & 

Laboratorier (APL), Box 6124, SE 90604, Umeå, Sweden. 

 

External monitoring of all key data and unblinding procedures was done by an independent 

professional monitoring team (Clinical Research Support: http://www.orebroll.se/crs). 

Recording of adverse events was done according to Good Clinical Practice standard. 

 

During the study period 2087 patients underwent coronary surgery for acute coronary 

syndrome, 1064 patients were assessed for eligibility, 865 underwent randomization, 4 

patients were excluded due to intraoperative exclusion criteria (unexpected intraoperative 

finding or event that increased the dignity of the procedure to overshadow the originally 

planned operation). 891 completed the study (Figure 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://clinicaltrials.gov/ct2/show/NCT00489827
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Figure 2: GLUTAMICS-trial patient content overview. 
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Postoperative heart failure 

Postoperative heart failure was categorized into heart failure evident at weaning from 

cardiopulmonary bypass or late circulatory failure presenting after apparently 

uncomplicated weaning. Late circulatory failure was classified as cardiac or non-cardiac 

in origin. 

Left ventricular failure at weaning from cardiopulmonary bypass or after completion of 

off-pump surgery 

Patients were considered to have left ventricular failure at weaning from cardiopulmonary 

bypass or after completion of off-pump surgery if criteria a+b  or a+c or a+d were fulfilled.  

 

a) Consensus reached by Endpoints committee that left ventricular failure was evident at 

weaning from cardiopulmonary bypass based on available records and hemodynamic data. 

 

b) Cardiac index < 1,9 L/ min m
2
 BSA with SAP < 100 mm Hg 

 

c) SvO2 criteria in relation to systolic arterial blood pressure (SAP) below fulfilled at weaning 

from cardiopulmonary bypass, five minutes after main dose of protamine sulphate and on 

admission to ICU that could not be explained by shivering, anemia or hypovolemia
4-6

.   

 

SvO2 < 50%   SAP < 130 mm Hg 

 

SvO2 < 55%   SAP < 110 mm Hg 

 

SvO2 < 60%   SAP < 90 mm Hg 

 

SvO2 < 65%  SAP < 70 mmHg 

  

d) Use of intraortic balloon pump or need for at least one inotropic agent in dosages listed 

below remaining on admission to ICU.   
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Severe circulatory failure 

Patients were considered to have had severe circulatory failure if criteria 1+2+3 or 2 + 4 were 

fulfilled.  

 

1) ICU stay ≥ 48 hours   

 

2) Consensus reached by Endpoints committee that heart failure presenting at weaning from 

cardiopulmonary bypass** or later had occurred. This was decision had to be supported by 

Cardiac Index or SvO2 data identical to those prespecified for the primary endpoint left 

ventricular failure at weaning from CPB. 

 

 

3) Use of intraortic balloon pump or need for at least one inotropic agent in dosages listed 

below ≥ 24 hours after admission to ICU 

 

4) Mortality 

 

Dosages of inotropes required for criteria above: 

Epinephrine ≥ 0,033 μg/kg BW / minute  

Milrinone ≥ 0,375 μg/kg BW / minute   

Dopamine ≥ 4 μg/kg BW / minute 

Dobutamine  ≥ 4 μg/kg BW / minute  

Levosimendan regardless of dose + additional inotropic treatment in dosages above 
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CLINICAL ENDPOINTS COMMITTEE 

The clinical endpoints committee consisted of consultants in cardiothoracic surgery and 

cardiothoracic anaesthesiology from each of the participating centre’s. The members of the 

committee were blinded to the treatment assignment and prespecified criteria reported in the 

Appendix were used to reach a consensus decision.  

 

All cases with suspected postoperative heart failure based on SvO2 and other hemodynamic 

data, use of inotropic drugs or mechanical circulatory support, extended ICU stay, circulatory 

problems reported by anaesthesiologists or surgeons in the clinical database were reviewed. 

The committee decided whether circulatory problems that met the prespecified criteria had 

occurred, if these circulatory problems were severe and if they were cardiac in origin, if they 

were evident at weaning from cardiopulmonary bypass or presented later in the postoperative 

course. The committee also decided if events leading to death were cardiac in origin.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


