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Purpose: To determine whether or not intravenous nitroglyc-
erin (IV NTG) can prevent a decrease in near-infrared spectros-
copy (NIRS) values during cardiopulmonary bypass (CPB).

Methods: We conducted a randomized double-blinded study 
in a tertiary academic center including 30 patients with a 
Parsonnet score ≥ 15 scheduled for a high-risk cardiac surgery.

The patients were randomized to receive either IV NTG (initial 
dose of 0.05 µg·kg–1·min–1, followed by 0.1 µg·kg–1·min–1) or 
placebo after anesthetic induction until the end of CPB. The 
primary outcome was a decrease of 10% in NIRS values during 
CPB.

Results: Despite the absence of between-group difference in 
the mean cerebral oxygen saturation during CPB, there was a 
significant decrease in NIRS values during CPB in the placebo 
group, whereas mean NIRS values were maintained in the IV 
NTG group (-16.7% vs 2.3% in the NTG, P = 0.019). Major 
hemodynamic variables were similar at corresponding time 
periods in both groups, while patients in the IV NTG group had 
higher CK-MB values and experienced greater blood loss during 
the first 24 hr postoperatively.

Conclusion: Intravenous nitroglycerin administration before 
and during CPB may prevent a decrease in NIRS values associ-
ated with CPB in high-risk cardiac surgery. Further studies are 
warranted to determine the efficacy and the risks associated 
with IV NTG infusion for this indication during CPB in high-risk 
patients. 
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Objectif : Déterminer si la nitroglycérine intraveineuse  
(NTG IV) peut empêcher ou non une diminution des valeurs de la 
spectroscopie par infrarouge (NIRS) pendant la circulation extra-
corporelle (CEC).

Méthode : Nous avons mené une étude randomisée à double 
insu dans un centre universitaire tertiaire incluant 30 patients 
présentant un score de Parsonnet ≥ 15 et devant subir une chi-
rurgie cardiaque à haut risque. Les patients ont été randomisés en 
deux groupes : NTG IV (dose initiale de 0,05 µg·kg–1·min–1, suivie 
de 0,1 µg·kg–1·min–1), ou placebo après l’induction de l’anesthésie 
et jusqu’à la fin de la CEC. Le résultat primaire a été une diminu-
tion de 10 % des valeurs de NIRS pendant la CEC.

Résultats : Malgré l’absence de différence inter-groupe dans la 
saturation d’oxygène cérébrale moyenne durant la CEC, une diminu-
tion significative des valeurs de NIRS pendant la CEC a été observée 
dans le groupe placebo, alors que les valeurs moyennes de NIRS se 
sont maintenues dans le groupe NTG IV (-16,7 % vs 2,3 % dans le 
groupe NTG, P = 0,019). Les variables hémodynamiques principa-
les ont été semblables pour des périodes temporelles correspondan-
tes dans les deux groupes, bien que les patients du groupe NTG IV 
aient présenté des valeurs CK-MB plus élevées et perdu davantage 
de sang durant les premières 24 h postopératoires.

Conclusion : L’administration de nitroglycérine intraveineuse avant 
et pendant la CEC pourrait empêcher une diminution des valeurs 
de NIRS associées à la CEC dans les chirurgies cardiaques à haut 
risque. Des études supplémentaires sont nécessaires afin de déter-
miner l’efficacité et les risques associés à une infusion NTG IV pour 
cette indication pendant la CEC chez des patients à haut risque. 
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CARDIOPULMONARY bypass (CPB) is 
a major contributor to the inflammato-
ry response observed after cardiac sur-
gery1 and to its clinical complications.2 

Cardiopulmonary bypass is associated with comple-
ment activation, endotoxin liberation, and ischemia-
reperfusion episodes, leading to the activation of 
inflammatory cells ultimately responsible for tissue 
damage.3 Importantly, endothelial cell dysfunction 
precipitates a decrease in the production of endog-
enous nitric oxide (NO), compromising significant-
ly both vascular tone and local tissue perfusion.4 
However, endothelial cells maintain their sensitivity to 
exogenous NO donors.5

Therefore, administration of intravenous nitro-
glycerin (IV NTG), a NO donor, has been proposed 
in a limited number of studies as a strategy to either 
prevent6 or to correct7,8 peripheral tissue hypoperfu-
sion during ischemic stress. Through NO-induced 
vasodilatation,5 IV NTG could provide a mechanism 
of protection against ischemia-reperfusion injuries. 
In animals, IV NTG helps to maintain structural and 
functional integrity of tissues at risk.9–11 Intravenous 
nitroglycerin also reproduces the effects of endog-
enous late pre-conditioning,12 a natural mechanism 
that increases the resistance of hypoperfused tissues to 
subsequent ischemic episodes. The clinical impact of 
these effects in humans is still largely unknown. 

Currently, the intraoperative measurement of endo-
thelial function and local tissue perfusion is technically 
challenging. Near-infrared spectroscopy (NIRS) has 
been advocated as a useful continuous monitor of 
cerebral oxygen saturation that provides an indica-
tor of the adequacy of cerebral oxygen delivery dur-
ing cardiac surgery.13 Near-infrared spectroscopy has 
been used mainly to detect and correct intraoperative 
cerebral desaturations, even if the prognostic value of 
these desaturations, the specific tresholds requiring 
intervention, and the clinical impact of this type of 
monitoring are still debated.14 Near-infrared spectros-
copy provides a non-invasive measure of local tissue 
perfusion that can be used during non pulsative flow 
conditions of CPB. This monitoring has been associ-
ated recently with a decrease in major organ dysfunc-
tion after cardiac surgery,15 providing a rationale for 
its use. 

Because the benefits of IV NTG in maintai-
ning tissue perfusion during cardiac surgery remain 
unclear, we conducted a double-blinded randomized 
controlled trial to evaluate the effect of IV NTG on 
NIRS values during CPB in high-risk cardiac surgery 
patients. We hypothesized that infusion of NTG 
infusion initiated prior to CPB would be superior to 

placebo in maintaining cerebral oxygen saturation, as 
an index of tissue perfusion, during high-risk cardiac 
surgery.

Methods
Study population
Following approval by the Ethics and Research 
Committee and after obtaining written informed 
consent, 30 patients undergoing elective cardiac sur-
gery at the Montreal Heart Institute, a tertiary care 
university hospital, were recruited between March and 
November 2004. Eligible patients were those under-
going a cardiac surgical procedure requiring CPB who 
were considered at high-risk for postoperative morbi-
dity and mortality, as defined by a Parsonnet score ≥ 
15.16 Patients were excluded if they had received IV 
NTG for more than 12 hr within 24 hr of surgery. 

Treatment protocol
All patients were premedicated with morphine 0.1 
mg·kg–1 im and midazolam 3–8 mg im administe-
red approximately one hour before surgery. In the 
operating room, standard monitoring was applied 
including five-lead electrocardiogram, digital pulse 
oximeter, capnography, radial arterial line, a 15-cm tri-
ple-lumen catheter (CS-12703, Arrow International 
Inc., Reading, CA, USA) and a pulmonary artery 
catheter (Swan-Ganz Thermodilution catheter 7.5 Fr; 
Baxter Healthcare Corporation, Irvine, CA, USA). 
Regional cerebral oxygen saturation was monitored 
using NIRS. 

Near-infrared spectroscopy technology is based on 
the principle that each substance has a characteristic 
absorbance. In the near-infrared wavelengths, hemo-
globin and cytochrome c-oxidase, also known as the 
enzyme cytochrome aa3, are the main chromophores 
(light absorbing substance at a specific frequency). 
The light source of the oximeter provides two contin-
uous wavelengths of near-infrared light (730 and 810 
nm) on the forehead, at the area corresponding to 
the junction between the anterior and middle cerebral 
arteries. Two detectors, respectively having a source-
detector spacing of 3 and 4 cm, are also present to 
distinguish the extra-cerebral from the intra-cerebral 
tissue signal. The ratio of oxygenated hemoglobin and 
total hemoglobin is measured and a subtraction of the 
superficial signal from the deeper signal is made by the 
monitor to obtain the regional hemoglobin oxygen 
saturation in the frontal cortex. For this reason, it is 
assumed that extra-cerebral tissue has a minor contri-
bution to this value.13 The venous blood contribution 
to cerebral oximetry value is about 75%, similar in 
normoxic, hypoxic and hypocapnic conditions,13 thus 
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resulting in an evaluation of the balance between oxy-
gen delivery and consumption. For the purpose of this 
study, we used the INVOS 4100 (Somanetics, Troy, 
MI, USA) according to the manufacturer’s instruc-
tions, in all patients. 

Anesthesia was induced with standardized doses 
of midazolam 0.04 mg·kg–1 iv, sufentanil 1 µg·kg–1 

iv, while neuromuscular blockade was achieved with 
rocuronium 0.6 mg·kg–1 iv. Anesthesia was main-
tained with sufentanil 1 µg·kg–1·hr–1, midazolam 
0.04 mg·kg–1·hr–1. propofol 30–50 µg·kg–1·min–1 and 
isoflurane. All patients were ventilated with 100% oxy-
gen and minute ventilation was adjusted to maintain 
PaCO2 40 ± 5 mmHg confirmed by serial arterial 
blood gas analysis. Intravenous fluids (0.9% normal 
saline) were administered according to estimated 
insensible losses of 7 mL·kg–1·hr–1 during the surgery 
and titrated according to the blood pressure and the 
central venous pressure. A decrease in the mean arte-
rial blood pressure below 60 was treated with fluid 
administration in presence of a low central venous 
pressure, or by the use of vasopressors according to a 
predetermined protocol (Figures 1 and 2). In case of 
low cardiac output, milrinone was administered at the 
anesthesiologists’ discretion. Cardiopulmonary bypass 
was instituted and maintained according to a strict 

protocol with standardized canulation sites, pump 
flow, blood gas management, and mean arterial pres-
sure and temperature targets. Blood cardioplegia was 
used in all patients. Induction and maintenance car-
dioplegic solutions were cold to tepid (15 to 29°C). 
The blood to crystalloid ratio was 4:1. The pump flow 
was adjusted to obtain an adjusted output of 2.2 L·m–

2 of body surface area. The pump flow was reduced to 
0.5 L·min–1 for aortic clamping and unclamping. The 
pumps for all patients were SIII (Stockert, Munchen, 
Germany) roller pumps. Oxygenators were Sorin 
Monolyth (Mirandola, MO, Italy). For coronary 
artery bypass procedures, temperature was allowed 
to drift to 34ºC. Valve and complex procedures were 
done with core temperatures between 32–34ºC. 
Aortic procedures with circulatory arrest were done at 
15–18ºC. Selective antegrade and retrograde cerebral 
perfusion were used on a case-by-case basis. Weaning 
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FIGURE 1  Use of vasopressors before and during CPB. 
CPB = cardiopulmonary bypass; MAP = mean arterial pres-
sure; IV = intravenous; NS = normal saline.

FIGURE 2  Use of vasopressors at the end of CPB. CPB 
= cardiopulmonary bypass; MAP = mean arterial pressure; 
TEE = transesophegeal echocardiography; IV = intravenous; 
NS = normal saline; RV = right ventricle; LV = left ventri-
cle; IABP = intra-aortic balloon pump; ECMO = extracor-
poreal membrane oxygenation. *The mean arterial pressure 
value confirmed with central aortic measurement.
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from CPB was attempted after systemic temperature 
(central and vesical) was > 36ºC. An intravenous 
bolus of aprotinin (2 MU) followed by an infusion 
(500 000 U·hr–1) was administered during CPB. 

Nitroglycerin administration protocol
Patient randomization was achieved using a com-
puter-generated table of random numbers done by the 
Biostatistical Department of our institution. The allo-
cation sequence was transmitted directly to the hospital 
pharmacist the day before the surgery - the investiga-
tor had no access to the randomization sequence. The 
study drug was prepared by the pharmacist and deliv-
ered to the operating room wrapped in an opaque 
covering to maintain blinding. Following induction 
of anesthesia, administration of NTG (0.1 mg·mL–1; 
Sabex, Boucherville, QC, Canada) or placebo (D5 
%, mL·min–1 equivalent to the NTG infusion), began 
at a rate of 0.5 µg·kg–1·min–1, and was increased to 1 
µg·kg–1·min–1 immediately after initiation of CPB. At 
the end of the CPB, the study drug was stopped and 
the anesthesiologist was then free to use any medica-
tion (including IV NTG) required for hemodynamic 
stabilization of the patient (Figures 1 and 2). In the 
presence of refractory hypotension (mean arterial 
pressure < 60 mmHg persisting > five minutes), the 
study drug was discontinued at any time during the 
surgery.

Data collection
At the time of randomization, demographic, diagnos-
tic class (New York Heart Association (NYHA) class, 
Parsonnet score, comorbidities, ejection fraction), and 
therapeutic (medication, type of surgery, redo) infor-
mation was obtained for every patient.

After induction of anesthesia and before beginning 
the study drug infusion (time 0), baseline hemody-
namic values were measured along with arterial and 
mixed venous blood gas determinations. The same 
variables were recorded just before (time 1) and 
immediately after (time 2) CPB. 

Cerebral oxygen saturations were measured con-
tinuously and recorded every 30 sec from the time 
of anesthetic induction to closure of the thorax. The 
CPB duration, aortic cross-clamping time, total intra-
venous fluids administered, total diuresis, total dose of 
heparin, and total dose and duration of each vasopres-
sor were recorded.

Outcome measures
The primary outcome was the between-group dif-
ference in the mean hemispheric cerebral oxygen 
saturation during CPB. Secondary outcomes included 

serial measures of cerebral oxygen saturation at specif-
ic times; the number of episodes (≥ one minute) with 
a relative decrease of > 20% from the baseline of the 
cerebral saturation and the proportion of time during 
CPB with a cerebral saturation below that threshold; 
other markers of tissue perfusion included whole 
blood lactate concentration, arteriovenous difference 
of partial CO2 pressure, and mixed venous oxygen 
saturation from time 0 to time 2; difficult separation 
from CPB, defined as systolic arterial blood pressure 
< 80 mmHg with a diastolic pulmonary artery pres-
sure or a wedge pressure > 15 mmHg and use of 
vasopressors (norepinephrine > 0.06 µg·kg–1·min–1, 
epinephrine > 0.06 µg·kg–1·min–1, dobutamine > 
2 µg·kg–1·min–1), or use of intravenous milrinone dur-
ing withdrawal of CPB or transport to the intensive 
care unit (ICU). Other outcomes included CK-MB, 
new use of an intra-aortic balloon pump during sur-
gery, successful cardiopulmonary resuscitation during 
hospital stay, length of ICU and total hospital stay, 
and death. Safety outcome variables included blood 
loss during and 24 hr after surgery, anemia during 
surgery, need for transfusion, and ratio of the partial 
pressure of oxygen in arterial blood to inspired O2 
fraction (PaO2/FIO2 ratio). Follow-up ended when 
the patient was discharged from hospital.

Statistical analysis
On the assumption of a baseline cerebral hemispheric 
saturation (± SD) of 65% (± 9),A we required that 
the planned sample size that would provide an 80% 
chance of detecting a difference of 10% in the mean 
cerebral saturation level during the CPB at a signifi-
cance level of 0.05. This generated an estimate of 15 
patients per group. In the absence of any previous 
study aimed at preventing cerebral desaturations dur-
ing cardiac surgery (all previous studies corrected the 
desaturations), a 10% absolute difference in the mean 
cerebral saturation was selected as a minimal clini-
cally important difference. This choice was based on 
a previous study showing a reduction in mortality of 
septic patients by the maintenance of a central venous 
saturation > 70%. The difference in the mean venous 
oxygen saturation between the treatment and placebo 
groups during this study was 10%. Although NIRS 
and central venous catheter measures are not equiva-
lent, we aimed to detect a similar difference in the 
absence of more relevant data, and because our study 

A Edmonds HL Jr. Detection and treatment of cerebral hypoxia 
key to avoiding intraoperative brain injuries. APSF Newsletter 
1999; 14: 25–32.
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was based on the same concept of using saturation 
values as a marker of the adequacy of tissue perfusion. 
Results are expressed as mean ± SD deviation or with 
median (min, max) according to the distribution for 
continuous variables, or as number and percentages 

for categorical variables. A logarithmic transformation 
was used when a continuous variable was not normally 
distributed. For continuous variables, comparison of 
groups was performed using the parametric (t test) 
or nonparametric (Wilcoxon) test depending on the 
distribution. For categorical variables, comparison of 
groups was performed using the Pearson Chi-square 
test.

To test variation between groups and over time of 
hemodynamic values, blood gas and cerebral satura-
tion results, repeated measures ANOVA with GROUP, 
TIME (T0, T1 and T2) and GROUP × TIME inter-
action were performed. In presence of a significant 
GROUP × TIME interaction, comparisons of TIME 
for each group were performed. When there is no 
significant GROUP × TIME interaction and signifi-
cant TIME effect, comparisons between TIME were 
performed. The same method was used for analysis of 
repeated hemispheric cerebral saturation measures. To 
further explore the changes in mean cerebral oxygen-
ation during CPB between patients, the duration of 
CPB was standardized and the change in saturation 
in relation to the baseline value was plotted and ana-
lyzed using a repeated generalized estimated equation 
approach. Therefore, the baseline variation of mean 
cerebral oxygenation during CPB could be compared 
for every patient according to each group, placebo 
or NTG. Statistical analysis was done with computer 
software SAS version 8.02 (SAS Institute Inc., Cary, 
NC, USA). A P-value < 0.05 was considered statisti-
cally significant.

Results
A total of 32 patients were randomized in the study. 
Two patients did not receive the study drug and were 
excluded because the scheduled anesthesiologist was 
changed. The data from 30 patients were analyzed. 
Their clinical and demographic characteristics are 
presented in Table I. Except for the use of preopera-
tive beta-blockers on admission (control: 47% vs IV 
NTG: 87%), other characteristics were similar between 
groups. No patient in the control group received IV 
NTG before the end of the CPB. Patients in the pla-
cebo and IV NTG groups received, respectively, 2.60 
mg of the study drug before the CPB, and 2.15 mg 
of an equivalent volume of dextrose for the placebo 
group. During CPB, patients received 8.84 mg of the 
study drug and 6.75 mg of an equivalent volume of 
dextrose, respectively. From the end of CPB to the 
time of chest closure, when NTG could be given as 
result of hemodynamic profiles, patients in the control 
and the NTG groups received 0.65 ± 1.68 mg and 
0.55 ± 1.03 mg (P = 0.55) of IV NTG, respectively. 

TABLE I  Baseline characteristics of the study population

Characteristic Control Nitroglycerin 
 (n = 15) (n = 15)

Age (yr) 74 ± 9 71 ± 10
Sex, n (%)
Male 6 (40) 9 (60)
Female 9 (60) 6 (40)
BMI (kg·m–2) 27 ± 4 26 ± 4
NYHA class, n (%)*
1 5 (36) 2 (15)
2 3 (21) 3 (23)
3 5 (36) 5 (39)
4 1 (7) 3 (23)
Parsonnet score  25 ± 8 29 ± 9
Current smoking, n (%) 2 (13) 1 (7)
Type of surgery, n (%)
One valve 4 (27) 4 (27)
Multiple valves 1 (7) 1 (7)
CABG 3 (20) 2 (13)
CABG + valve(s) 7 (47) 7 (47)
Other 0 (0) 1 (7)
Cardiac disease, n (%)
Prior myocardial infarction 3 (20) 2 (13)
Recent myocardial infarction 3 (20) 3 (20)
Unstable angina 4 (27) 4 (27)
Congestive heart failure 9 (60) 11 (73)
Acute endocarditis 0 (0) 2 (13)
Atrial fibrillation 6 (40) 5 (33)
Pacemaker 1 (7) 1 (7)
Co-morbidities, n (%)
Hypertension 11 (73) 9 (60)
Diabetes mellitus 2 (13) 3 (20)
Peripheral vascular disease 6 (40) 5 (33)
Renal failure 5 (33) 6 (40)
COPD 4 (27) 1 (7)
Drug therapy at admission, n (%)
Nitrates 4 (27) 3 (20)
Calcium-channel antagonists 6 (40) 4 (27)
Beta-blockers 7 (47) 13 (87)
ACE inhibitors 8 (53) 8 (53)
Digoxin 5 (33) 3 (20)
Diuretics 9 (60) 12 (80)
Salicylates 5 (33) 5 (33)
Left ventricular ejection fraction (%) 49 ± 12 50 ± 12
Glycemia at the beginning of  6.4 ± 1.7 6.9 ± 2.1
surgery (mmol·L–1) 
Duration of surgery (min)
CPB 97 ± 32 118 ± 49
Aorta clamping 72 ± 28 84 ± 49
NYHA = New York Heart Association; CABG = coronary artery 
bypass graft; COPD = chronic obstructive pulmonary disease; 
ACE = angiotensin-converting enzyme; BMI = body mass index; 
CPB = cardiopulmonary bypass. *Not available for three patients.
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Mean CPB time was 107 ± 42 min (97 ± 32 min in 
the control group vs 118 ± 49 min in the IV NTG 
group, P = 0.32).

The mean hemispheric cerebral saturations during 
CPB were the same for the NTG and the placebo 
groups, respectively 58 ± 7 vs 56 ± 11 (left, P = 0.66) 
and 55 ± 6 vs 49 ± 12 (right, P = 0.16). However, 
the evolution over time of hemispheric cerebral oxy-
genation during the procedure was different in the 
IV NTG compared to the placebo group (Table II). 
In the NTG group, both left and right mean cerebral 
saturations were unchanged from the beginning to 
the end of the procedure as compared to the placebo 

group, in which saturations were significantly lower at 
the end of CPB (left side, P = 0.006; right side, P = 
0.005). To confirm these results, a post-hoc analysis 
of the change in cerebral saturation in relation to the 
baseline value during  CBP was performed using data 
available for the entire CBP. The changes in cerebral 
saturation as a function of time are shown in Figure 3. 
The number of episodes with a relative decrease of 
20% or more from the baseline saturation was similar 
in the IV NTG and the placebo groups: respectively, 
1.8 ± 2.6 vs 1.5 ± 1.5 (left side, P = 0.75), and 1.9 ± 
2.6 vs 2.0 ± 2.3 (right side, P = 0.89). The propor-
tions of time on CPB with a saturation below thresh-

TABLE II  Mean cerebral saturation and other perfusion values during surgery

Variables     P value P value P value 
  T0 T1 T2 (group) (time) (group*time)

Left ScO2 Control 63 ± 8 61 ± 11 52 ± 14 0.28 0.052 0.006*
 NTG 54 ± 11 56 ± 13 56 ± 7
Right ScO2 Control 59 ± 11 56 ± 14 46 ± 14 0.71 0.02 0.005*
 NTG 51 ± 8 53 ± 11 53 ± 7
MVO2 Control 82 ± 4 84 ± 5 78 ± 6 0.89 0.0003 0.21
 NTG 78 ± 8 86 ± 5 79 ± 7
PCO2 Control 40 ± 4 39 ± 5 38 ± 4 0.09 0.92 0.47
 NTG 37 ± 3 38 ± 5 38 ± 8
ΔPCO2 Control 7 ± 2 4 ± 3 4 ± 2 0.89 < 0.0001 0.18
 NTG 7 ± 1 3 ± 2 5 ± 3
Lactates Control 1.4 ± 0.6 2.8 ± 1.0 3.2 ± 1.3 0.16 < 0.0001 0.41
 NTG 1.5 ± 0.5 3.2 ± 0.8 4.1 ± 1.9
ScO2 = cerebral saturation; NTG = nitroglycerin; T0 = baseline value before nitroglycerin infusion; T1 = beginning of cardiopulmonary 
bypass; T2 = end of cardiopulmonary bypass times; MVO2 = mixed venous blood saturation provided by the distal port of the Swan-Ganz 
catheter; ΔPCO2 = difference between partial pressure of carbon dioxide of arterial and venous blood. * T0 and T1 are statistically differ-
ent from T2, but only in control group.

TABLE III  Hemodynamic values during surgery

Hemodynamic variables     P value P value P value 
  T0 T1 T2 (group) (time) (group*time)

Systolic BP (mmHg) Control 109 ± 16 101 ± 15 109 ± 20 0.41 0.053 0.95
 NTG 105 ± 21 95 ± 17 106 ± 15
Heart rate (beats·min–1) Control 53 ± 11 59 ± 11 70 ± 11 0.08 <0.0001* 0.83
 NTG 55 ± 9 61 ± 15 78 ± 15
RAP (mmHg) Control 10 ± 3 10 ± 5 12 ± 5 0.03 0.01* 0.42
 NTG 13 ± 5 12 ± 6 17 ± 3
Systolic PAP (mmHg)
 Control 32 ± 6 32 ± 7 37 ± 8 0.004 0.0006* 0.16
 NTG 44 ± 18 37 ± 10 48 ± 10
PAWP (mmHg) Control 15 ± 4 15 ± 4 20 ± 4 0.35 0.06 0.77
 NTG 18 ± 7 15 ± 9 22 ± 3
Indexed cardiac output  Control 2.0 ± 0.3 1.9 ± 0.4 2.2 ± 0.4 0.70 0.0003* 0.43
(L·min–1·m–2 ) NTG 1.9 ± 0.4 1.9 ± 0.4 2.4 ± 0.8
BP = blood pressure; NTG = nitroglycerin; RAP = right atrial pressure; PAP = pulmonary artery pressure; PAWP = pulmonary artery 
wedge pressure; T0 = baseline value before nitroglycerin infusion; T1 = beginning of cardiopulmonary bypass; T2 = end of cardiopulmo-
nary bypass times. *T0 and T1 are statistically different from T2.
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old were similar for the two groups: left side, 0% (0, 
38) vs 14% (0, 83), P = 0.08; right side, 0% (0, 75) vs 
13% (0, 88), P = 0.11. There was no difference in the 
baseline value and in the variation of arterial PCO2 
over time between groups (Table II). Figure 3 shows 
the difference in the individual mean left and right 
saturations minus the baseline saturation profiles over 
time between the two groups during CPB. The CPB 
duration is expressed as a percentage of CPB time. 
The mean change in baseline saturation was signifi-
cantly different between groups (IV NTG: 2.3 ± 18.7 

vs placebo -16.7 ± 14.6, P = 0.019). The evolution 
over time of variations of cerebral saturation during 
CPB showed no greater decline in the placebo group 
compared to the IV NTG group (P = 0.06). 

Both groups maintained similar hemodynamic 
profiles (Table III) although the right atrial pressures 
were slightly higher in the NTG group throughout 
the study (even before the study drug was infused) (P 
= 0.03), as was the systolic pulmonary artery pressure 
(P = 0.004). When adjusting for the duration of the 
surgery, the vasopressor requirements between groups 
were not significantly different (Table IV). No patient 
in either group had the study drug discontinued as a 
result of refractory hypotension. 

Other clinical outcomes are presented in Table V. 
Patients in the NTG group had higher CK-MB concen-
trations the day after surgery (control: 19 ± 12 U·L–1 vs 
NTG: 58 ± 67 U·L–1 (P = 0.006). Two deaths occurred 
in the NTG group. The first patient had a postoperative 
course complicated by transient renal insufficiency and 
a cerebrovascular event (diagnosed on postoperative 
day two). The patient experienced a sudden cardiac 
arrest on postoperative day 14, possibly due to a pul-
monary embolism. No other cerebrovascular event was 
observed in either group. A second patient died on 
postoperative day four. He had severe preoperative left 
ventricular dysfunction, and experienced a postopera-
tive myocardial infarction. An autopsy revealed global 
cardiac failure secondary to recent myocardial infarc-
tion, without other visible complication.

FIGURE 3  Mean cerebral saturation differences during cardiopulmonary bypass (CPB). The mean cerebral saturation dif-
ference is the baseline cerebral saturation obtained before CPB minus the real-time value. The duration of CPB is expressed 
as a percentage of the total duration of CPB. The placebo group values were lower than with nitroglycerin (P = 0.019). 

TABLE IV  Vasopressors and fluids administered 

 Control NTG P value

Vasopressors*
Norepinephrine, µg 546 ± 563 1209 ± 1037 0.04
Norepinephrine, µg·min–1† 2.2 ± 2.4 4.2 ± 3.7 0.096
Phenylephrine, µg 6330 ± 3931 11,303 ± 8910 0.06
Phenylephrine, µg·min–1† 31 ± 20 36 ± 27 0.55
Vasopressin, (U) 2 ± 4 3 ± 4 0.36
Vasopressin, (U·min–1) 0.0074 ± 0.0122 0.0116 ± 0.0137 0.3837
Ephedrine (mg) 3.5 ± 7.9 4.3 ± 8.8 0.78
Ephedrine (µg·min–1) 18.85 ± 42.93 14.73 ± 29.59 0.7618
Intravenous fluids 4972 ± 1175 5582 ± 1322 0.19
during surgery (mL)
NTG = nitroglycerin; *Three patients also received epinephrine as 
“salvage therapy”, one in the nitroglycerin group and two in the 
placebo group. There was no difference in the use of milrinone. 
†Mean dose per minute for total surgery duration.
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Table V also presents safety outcomes. Blood loss 
was similar in both groups during surgery, but was 
greater in the NTG group during the first 24 hr after 
the surgery (control: 460 ± 304 vs NTG: 762 ± 411 
mL) (P = 0.03). The PaO2/FIO2 ratio was lower for 
patients who received NTG (control: 372 ± 48 mL 
vs NTG: 308 ± 106 mL) (P = 0.046). Intensive care 
unit mean lengths of stay and hospital lengths of stay 
(control: 9 ± 3 days vs NTG: 14 ± 7 days; P = 0.06) 
were similar in the two groups.

Discussion
Our results indicate that IV NTG contributes to the 
maintenance of cerebral oxygen saturation during 
CPB for this selected high-risk cardiac surgery popula-
tion. Although mean cerebral saturations during CPB 
were the same in both groups, repeated measures of 
saturation at specific times of the surgery indicated 
better preservation of cerebral oxygen saturation in 
the NTG group at the end of the CPB. Despite a 
higher pre-CBP cerebral saturation in the placebo 
group, these patients presented cerebral saturations 
lower than patients in the IV NTG group at the end 
of the CBP. These differences are likely attributable to 
the use of IV NTG, but other explanations need to 
be considered. Even if many measures were in place 
to maintain blinding, it is possible that subtle hemo-
dynamic changes at the beginning of the IV NTG 

infusion might have been detected by the treating 
anesthesiologist, leading to differences in the manage-
ment of patients between groups. As cerebral blood 
flow and cerebral autoregulation can be affected by 
factors other than cardiac output (such as the PaCO2, 
pH, and temperature),17 variations in any of these 
parameters during the CPB might explain, in part, the 
results given the small sample size. 

This study examined the feasibility of the use of 
an IV NTG infusion during high-risk cardiac surgery, 
its impact on cerebral saturation, and possible side 
effects. The sample size neither provided the power 
to detect differences in neuropsychological or neuro-
logical complications, nor to detect differences in any 
other secondary clinical outcomes. The clinical impact 
of the detected difference in cerebral saturation is dif-
ficult to comment upon. Therefore, although these 
results suggest a better preservation of cerebral satura-
tion with IV NTG during CPB, we cannot conclude 
that this will be associated with improved neurological 
or other clinical outcome. More studies are required 
to answer these questions.

Previous studies evaluating NIRS in cardiac surgery 
contribute to our uncertainty regarding the potential 
benefits of maintaining improved cerebral saturation 
during cardiac surgery. First, the NIRS technology 
itself presents several limitations: significant variation in 
normal inter-individual values, unclear contribution of 
extracranial blood flow to measurements, and possible 
unreliability with severe hemodilution.18 Second, most 
of the studies including clinical outcomes had major 
methodological limitations, such as non-randomized 
design, and small sample sizes.14 Finally, previous stud-
ies included strategies to correct desaturations based 
on previous data, suggesting that prolonged and/or 
severe desaturations (a decrease of 20–25% from 
the baseline cerebral saturation or an absolute value 
< 50%) during cardiac procedures predicts a higher 
risk of postoperative neuropsychological complica-
tions. Intravenous nitroglycerin was rarely part of the 
treatment protocols in these studies.7,8 The four ran-
domized controlled trials currently available showed 

TABLE V  Other clinical and safety-related outcomes

 Control NTG P value

CK-MB* (U·L–1) 19 ± 12 58 ± 67 0.006
Lactates (mEq·L–1) 1.7 ± 0.8 2.6 ± 2.8 0.27
Post-CPB hemodynamic 10 (67) 11 (73) 0.69
 instability (n)
IABP (n) 0 (0) 1 (7) N/A
Vasopressors use > 24 hr (n) 4 (27) 8 (53) 0.14
ICU stay (days) 3 ± 2 5 ± 4 0.18
Hospital stay (days)  9 ± 3 14 ± 7 0.06
Deaths (n) 0 (0) 2 (13) N/A
Blood loss (mL)
During surgery 429 ± 261 547 ± 251 0.23
First 24 hr 460 ± 304 762 ± 411 0.03
Heparin (mg) 306 ± 118 393 ± 111 0.047
Heparin  3.48 ± 1.73 3.86 ± 1.92 0.569
(mg/duration of CPB)
Blood units transfused (mL)  332 ± 408 380 ± 400 0.75
PaO2/FIO2 ratio 372 ± 48 308 ± 106 0.046
NTG = nitroglycerin; CPB = cardiopulmonary bypass; IABP = 
intra-aortic balloon pump; CK = creatine kinase; ICU = intensive 
care unit; N/A = not available because of small number of events; 
P/F ratio = ratio of the partial pressure of oxygen in the arterial 
blood to inspired fraction of oxygen at the end of surgery. *The 
CK-MB log value was analyzed because the value did not have a 
normal distribution.

B Iglesias IJ, Bainbridge D, Adams S. Monitoring cerebral oxygen 
saturation significantly decreases postoperative length of stay: 
a prospective randomized blinded study. Heart Surg Forum 
2003; 6: 204. 

C Baker RA, Kuring J, Hallsworth L. Prospective random-
ized evaluation of cerebral oximetry in adult cardiac surgi-
cal patients: Clinical and oximetry outcomes. In: Key West 
Outcomes Meeting; 2005 May 18-21. Key West, FL; 2005. 

D Murkin JM, Iglesias I, Bainbridge D. Monitoring cerebral oxy-
gen saturation significantly decreases major organ morbidity 
in CABG patients: A randomized blinded study. Heart Surg 
Forum 2004; 7: 515. 
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promising outcomes, such as decreased length of 
hospital stay,B,C a lower postoperative stroke rate,D and 
reduced major organ dysfunction.15 However, none of 
these studies used IV NTG as part of their strategy to 
correct episodes of cerebral oxygen desaturation. 

Our drug administration protocol has several unique 
elements. The infusion of IV NTG was started before 
the ischemic insult of the CPB to prevent a drop in the 
cerebral saturation during the course of the surgery. 
The protective effect of IV NTG in ischemia-reperfu-
sion models in animal studies has been explored with 
promising results.10,11,19,20 One of the rare human clini-
cal trials on this topic6 evaluated the risk of developing 
acute respiratory distress syndrome (ARDS) in a group 
of patients submitted to very high-risk surgeries (esti-
mated risk of ARDS of 10%). These investigators did 
not observe any postoperative occurrences of ARDS 
in their cohort of 56 patients treated with high-dose 
IV NTG (1–5 µg·kg–1·min–1), compared to a 17% inci-
dence in the control group of 24 patients. The IV NTG 
group had more favourable transcutaneous oxygen par-
tial pressures as a marker of tissue perfusion. However, 
this study was not randomized; it incorporated a retro-
spective cohort comparison group, and used a different 
measure of peripheral perfusion. The results suggest 
that maintenance of adequate regional cerebral perfu-
sion can improve patient outcome are intriguing. 

The dose of IV NTG used in this study (0.1 µg· 
kg–1·min–1) was based on previous animal and human 
studies showing a significant therapeutic benefit and 
on safety studies confirming its tolerability.21,22 The 
absolute amount of vasopressor used in the IV NTG 
group was greater than in the placebo group, but 
when corrected for the duration of CPB, the two 
groups were similar. Hypotension is a frequent occur-
rence with IV NTG, but when compared to other 
clinically-used NO donors such as nitroprusside, IV 
NTG was hemodynamically well tolerated in normo-
volemic, normotensive patients.23 

The present study has several limitations. It was 
powered to detect a difference of 10% in mean abso-
lute cerebral saturation values. We did not detect 
this 10% difference between our groups, but given 
the higher observed variance in the cerebral satura-
tion than the one used in the sample size calculation, 
our study was probably underpowered. However, we 
found a significant difference between groups with 
the repeated-measures ANOVA, which provides the 
advantage of using the intra-individual variation of the 
cerebral saturation over time, increasing the power to 
detect a difference.

The small number of recruited patients could have 
compromised the process of randomization, creating 

two groups with different initial characteristics. The 
NTG group patients appeared sicker than those of the 
placebo group. Slightly different baseline characteris-
tics, differences in baseline hemodynamic values, and 
a concerning difference between total time of CPB 
could all indicate an imperfect randomization. In this 
context, the difference (which did not reach statisti-
cal significance) in the baseline cerebral saturations 
between the two groups is not unexpected. 

Other clinical outcomes were concerning. The 
degree of postoperative CK-MB elevation in the NTG 
group was greater, even when the patient who died 
from cardiac failure was excluded. This finding is wor-
risome, even if its clinical impact is difficult to assess. 
CK-MB fractionation has been shown to lack speci-
ficity for the diagnosis of perioperative myocardial 
infarction in cardiac surgery.24 Our study population 
included many patients undergoing valvular surgery, 
for whom precise ischemic cut-offs are even less well 
defined,25 but patients in the NTG group seem to have 
experienced more perioperative ischemic episodes. 
The bleeding complications were similar in both 
groups except for the blood loss during the first 24 hr 
after the surgery. Previous clinical studies addressing 
potential increased bleeding complications in cardiac 
patients receiving both intravenous heparin and IV 
NTG have never demonstrated more clinical bleeding 
and transfusion requirement with IV NTG, despite 
its theoretical antiplatelet effect.26 Given the short 
half-life of IV NTG, the drug was unlikely to have 
such a prolonged effect in the postoperative period. 
Nitroglycerin also dilates pulmonary vessels, which 
can increase intrapulmonary shunt. Accordingly, the 
partial pressure of oxygen in the arterial blood to 
inspired fraction of oxygen ratio (PaO2/FIO2 ratio) at 
the end of surgery was statistically lower in the NTG 
group. The clinical significance of this between-group 
difference for PaO2/FIO2 values over 300 mmHg in 
both groups is unknown.

In summary, IV NTG infusion before and during 
CPB has the potential to maintain cerebral oxygen sat-
uration during CPB in high-risk patients undergoing 
complex cardiac surgery. This strategy theoretically 
offers the advantage of preventing ischemic episodes 
instead of correcting already established tissue hypo-
perfusion. However, the clinical benefits of such a 
strategy require further validation. Further studies 
are warranted to determine if the potentially harmful 
effects detected in the present study are real and sig-
nificant. Larger studies should also define the optimal 
IV NTG regimen in terms of dose, timing, and mode 
of administration (continuous vs baseline-rate adjusted 
in response to changing NIRS values).
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