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Abstract

Objective. 
The persistence of sublingual microcirculatory alterations has been associated with 

morbidity and mortality in human sepsis. Such alterations occur despite pressure-guided 

resuscitation from severe sepsis/septic shock. Earlier data suggested that such impaired 

microcirculatory blood flow could be corrected with intravenous nitroglycerin in these 

patients. We tested this concept in the setting of early goal-directed therapy and dynamic 

exclusion of fluid-responsiveness.

Design. Prospective, single centre, randomised, placebo-controlled, double-blind clinical 

trial.

Setting. Closed-format 22-bed mixed ICU in a tertiary teaching-hospital.

Patients. 
All patients of at least 18 years of age with sepsis, according to international criteria, and at 

least one sign of organ dysfunction lasting less than 48 hours, as the principal reason for ICU 

admission were eligible for enrolment. 

Interventions. 
Patients were randomly assigned to receive nitroglycerin (n=35) or placebo (n=35) after 

fulfilment of resuscitation endpoints, as confirmed by strict protocolised treatment. This 

trial is registered with ClinicalTrials.gov, number NCT00493415.

Measurements and main results. 
The primary outcome was sublingual microcirculatory blood flow, as assessed by 

direct observation using side-stream dark field imaging. After 24 hours of protocolised 

resuscitation, we observed the recruitment of sublingual microcirculation in both groups, 

as indicated by a significant improvement in the microcirculatory flow index as compared 

with baseline. However, no difference in the sublingual microvascular flow index was 

observed between groups. The median microvascular flow index in sublingual small-sized 

vessels was 2.71(1.85-3) in the nitroglycerin group and 2.71(1.27-3), p = 0.80 in the placebo 

group. In medium-sized vessels, the respective values were 3(2.75-3) versus 2.86(2.19-3), p = 

0.21; and in large-sized vessels, 3(3-3) versus 3(2.89-3), p = 0.06. 

Conclusions. 
In the context of early goal-directed therapy and dynamic exclusion of fluid-responsiveness 

in patients with severe sepsis or septic shock, we conclude that intravenous nitroglycerin 

does not promote sublingual microcirculatory blood flow.
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Introduction

For many decades, sepsis has been classified as a distributive form of shock (1). As opposed 

to all other forms of shock, it is not characterised by a reduction in cardiac output, but by 

a distributive inability of blood to effectively reach the main exchange site, namely the 

microcirculation. This view of distributive shock was confirmed by direct microcirculatory 

observations in septic patients after the introduction of sublingual Orthogonal Polarization 

Spectral imaging (2) and its technical successor Sidestream Dark Field (SDF) imaging (3). 

It has become clear that the discordance between systemic haemodynamic parameters 

and microcirculatory alterations is most prominent during sepsis, in contrast to other 

forms of shock (4). Under septic conditions, these alterations have also been identified 

as markers for morbidity and mortality (5,6) , irrespective of the correction of systemic 

haemodynamic parameters and oxygen-derived variables (5-7). The view that resuscitated 

sepsis is persistently unresponsive to improvement led to the direction of therapeutic 

modalities toward improvement of microcirculatory function. It was within this context 

that the paper by Spronk et al. (8) gave credence to a new concept: the instant improvement 

of microcirculatory flow by a bolus of the vasodilatory substance nitroglycerin (NTG). NTG 

was indicated following persistence of impaired microcirculatory flow despite fulfilment 

of the traditional resuscitation endpoints. However, this study failed to adequately assess 

the influence of other factors, such as the evolvement of microcirculatory alterations over 

time. Specifically, an early goal-directed therapy (EGDT) approach to sepsis resuscitation (9) 

was outside the scope of their effort. We therefore designed a clinical trial in patients with 

severe sepsis or septic shock, and incorporated a strict EGDT-based resuscitation protocol 

and careful exclusion of fluid-responsiveness. Our goal was to compare: 1. Sublingual SDF-

derived microcirculatory effects of NTG with those of placebo over time, and 2. The effects of 

NTG on systemic haemodynamic parameters with those of placebo over time.

Materials and Methods

Patients
The study was performed between January 2007 and June 2008 in a closed-format 22-

bed mixed ICU in a tertiary teaching-hospital. It was designed as a phase III prospective, 

single centre, randomised, placebo-controlled, double-blind clinical trial and is registered 

with ClinicalTrials.gov, number NCT00493415 and with EudraCT, number 2006-004298-

88. All patients of at least 18 years of age with suspected sepsis as the principal reason for 

ICU admission at the study site were eligible for assessment. Inclusion criteria were the 

presence of sepsis, according to international criteria (10), and at least one sign of organ 

dysfunction lasting less than 48 hours, as summarised in Table 1. Reasons for exclusion were 

pregnancy, use of nitrate-derivatives within 24 hours prior to admission, strict indication 
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for intravenous nitroglycerin (instable coronary syndrome) or therapeutic restrictions (do 

not resuscitate orders excluded). A local ethical and scientific committee approved the study 

protocol, and written informed consent was obtained from the patients or their surrogate 

decision makers, consistent with applicable laws. 

Table 1. Inclusion criteria: fulfilment of at least one item in each list is needed for enrolment in the 

study

Suspected source of infection:

New infiltrate on X-ray plus positive gram stain or culture

Positive blood culture

Confirmed bowel perforation

Positive urine gram stain or culture

Positive spinal fluid gram stain or culture

Necrotising fasciitis plus positive gram stain or culture

Arthritis plus positive gram stain or culture

Mediastinitis plus positive gram stain or culture

Pancreatitis plus positive fine needle aspiration

Signs of organ failure:

Oliguria: urine output < 0.5 mg/kg/h for at least 2 consecutive hours after adequate volume re-
suscitation, or serum creatinine > 177 mmol/l in the absence of chronic renal failure (creatinine 
> 177 mmol/l or haemodialysis)

Metabolic acidosis: pH < 7.35 and lactate > 2.5 mmol/L

Respiratory failure: PaO
2
/FiO

2
 < 26.6 kPa

Coagulation disorders: platelet count < 100 x 109/l or PT INR > 1.5 in the absence of coumarine 
derivatives
Cardiovascular failure: persistent hypotension (RR systolic < 90 mm Hg) despite adequate 
volume supply, resulting in the use of vasopressors (dopamine > 5 mcg/kg/min, norepinephrine 
any dose)

Protocol
Prior to randomisation, all patients followed a strict protocol to optimise systemic 

haemodynamic parameters in accordance with the basic principles of early goal-directed 

therapy (9). Systemic haemodynamic assessment was achieved through continuous invasive 

monitoring of arterial blood pressure and right heart catheterisation with continuous 

cardiac output and central venous oxygen saturation (Vigilance®, Edwards Lifesciences, 

Saint-Prex, Switzerland). Until a pulmonary artery catheter was in place, the use of fluids 

and vasoactive agents was at the discretion of the attending physician, whose goal was to 

maintain a minimal mean arterial pressure (MAP) of 60 mm Hg. After calibration, treatment 

of circulatory failure was performed using the following strict hierarchical order: 1. 

Establishment of fluid-responsiveness by repeated infusions of at least 250 ml crystalloids, 

colloids or blood products, until the increase in left ventricular stroke volume was less than 

10%, or until the pulmonary artery wedge pressure exceeded 18 mmHg. 2. Treatment of heart 
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failure, defined as a cardiac index < 2.5 l/m2/min or central venous oxygen saturation < 70%, 

with dopamine administered at up to 10 μg/kg/min and additional enoximone in the event 

of an inadequate response to dopamine. 3. Reversal of hypotension with norepinepherine 

in case of MAP < 60 mmHg despite the aforementioned steps. 

During the 24-hour study medication infusion period, these therapeutic goals remained 

unchanged. The use of hydrocortisone up to a maximum of 100 mg iv 3 q.d. was permitted 

for shock reversal in case of vasopressor dependency; the general red blood cell transfusion 

trigger was haematocrit < 25%. After fulfilment of all systemic haemodynamic endpoints, 

and additional repeat exclusion of fluid-responsiveness, we recorded the baseline systemic 

and microcirculatory parameters. Treatment with NTG (1 mg/ml) or placebo (isotonic saline) 

was randomly assigned. The drug and placebo were prepared in identical syringes and were 

then delivered for use by the pharmacist. During the first 30 minutes of administration, a 

front load of 2 ml was given continuously (4 ml/h); during the next 23.5 hours, the infusion 

rate was kept constant at 2 ml/h. In cases of patient body weight < 50 kg, infusion rates were 

reduced by 50%. For safety reasons, a sustained MAP < 60 mmHg during infusion despite 

protocolised treatment constituted a reason to immediately and permanently stop the 

infusion therapy. 

Imaging and analysis
SDF imaging is a stroboscopic light emitting diode ring-based imaging modality that is 

incorporated in a hand-held device. The device illuminates an area of interest for clinical 

observation of the microcirculation. It has been successfully validated against its technical 

predecessor, namely orthogonal polarization spectral imaging (3). If a wavelength within the 

haemoglobin absorption spectrum (e.g. 530 nm) is chosen, red blood cells will appear dark 

and white blood cells may be visible as refringent bodies. The vessel walls are not visualised 

directly and imaging therefore depends on the presence of red blood cells. Semi-quantitative 

analysis was performed as described in detail elsewhere (11). In short, a minimum of 3 

steady images of at least 20 seconds in duration were obtained from the sublingual region 

by a research investigator other than the attending physician. A specially trained group of 

4 individuals was available during the study period on a 24/7 basis, with the exception of 

a total of 7 days. After gentle removal of saliva by an isotonic-saline-drenched gauze and 

avoiding pressure artefacts, images were acquired and stored on a digital videotape (SONY 

Video Walkman GV-D 1000E®, Sony, Tokyo, Japan). Subsequently, the images were captured 

in 5-10 second representative AVI format video clips (sonyDVgate®, Sony, Tokyo, Japan). 

Video clips were blindly analysed offline by an investigator who had no involvement in the 

data collection. The images were presented in random order so as to prevent inter-image 

coupling. SDF images were obtained from three different locations within the sublingual 

region, and each image was divided into 4 equal quadrants. Quantification of flow (no flow: 0, 

intermittent flow: 1, sluggish flow: 2 and continuous flow: 3) was scored per quadrant, for 



Chapter 6

84

Nitroglycerin in sepsis

each vessel diameter cohort (small: 10-25 μm, medium 26-50 μm and large 51-100 μm). The 

microvascular flow index (MFI) was calculated as the sum of each quadrant-score divided by 

the number of quadrants in which the vessel type was visible. The final MFI was averaged 

over a maximum of 12 quadrants (3 regions, 4 quadrants per region) derived from the overall 

flow impressions of all vessels with a particular range of diameter in a given quadrant. The 

heterogeneity index was calculated, following the method of Trzeciak and colleagues (6), as 

the difference between the highest and lowest MFI, divided by the mean MFI of all sublingual 

sites at a single time point. Calculation of total (small) vessel density (TVD) was performed 

with the AVA 3.0® software package (MicroVision Medical, Amsterdam, The Netherlands), 

as described and validated recently (12) using a cut-off diameter for small vessels of < 20 

μm. After stabilisation of the images using the AVA 3.0 software, we defined the perfused 

(small) vessel density (PVD) and the proportion of perfused (small) vessels (PPV) in terms 

of the number and percentage of crossings with perfused (small) vessels per total length of 

3 equidistant horizontal and 3 equidistant vertical lines. This method has been described 

elsewhere by de Backer et al. and is in accordance with reports of a round table conference 

(13).

Data collection
The following data were recorded at baseline: general characteristics; severity of illness and 

predicted mortality consistent with APACHE IV (14), SOFA (15) (calculated over the first 24 

hours following ICU admission) and RIFLE (16) scores; systemic haemodynamic parameters; 

sublingual SDF images; and results of standard laboratory tests, including blood gases and 

arterial lactate concentrations, blood cultures and cultures of specimens sampled from 

each presumed site of infection. Systemic haemodynamics, SDF images, arterial lactate 

concentrations and blood gases were recorded at 30 minutes, and 2, 12 and 24 hours after 

the start of the study medication and the SOFA plus RIFLE score was calculated daily during 

each patient’s ICU stay. Survival status was confirmed for each subject at the end of their 

hospitalisation. The primary endpoint was MFI within the 24-hour study medication period. 

Secondary endpoints were the SOFA score, systemic haemodynamics, dose of dopamine/

norepinepherine and survival distribution from randomisation to hospital discharge.

Statistical analysis
We anticipated a mean MFI at baseline of 1.6 with a standard deviation (SD) of 0.83, based 

on earlier observations (17). We calculated a sample size of 70 patients to detect an absolute 

difference in MFI of 0.6 in a two-sided test with a 0.05 type I error and an 80% probability. 

The Statistical Package for Social Sciences (SPSS 15.1 for Windows, Chicago Illinois, USA) 

was used for statistical analyses. For continuous variables, all data are presented as mean 

± SD, or as medians and interquartile ranges (IQR) in case of non-normal distributions. The 

effects of treatment on systemic and microcirculatory parameters were compared between 

groups using an independent sample t-test. The effects on non-normally distributed 

parameters (MFI, TVD, PPV, PVD, LOS, cumulative SOFA’s and maximum RIFLE score) were 
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compared using the non-parametric Mann-Whitney test. Comparison of mortality rates 

across different treatment strategies was performed using the χ2 test. Cumulative event 

curves (censored endpoint at day 60) were estimated with the Kaplan-Meier procedure and 

the effect of treatment on survival probability was compared between groups with a log 

rank-test. Comparison against baseline of systemic and microcirculatory haemodynamic 

parameters after 24 hours was performed with a paired t-test, or with a Wilcoxon signed 

rank test in case of variables that were not normally distributed. A two-sided p value of < 

0.05 was considered statistically significant.

Results

Out of 133 patients who were screened for eligibility, 70 patients were randomly assigned 

to receive treatment (Figure 1). Baseline characteristics were well balanced between the 

groups (Table 2). Exceptions were an insignificantly higher age and RIFLE score in the placebo 

group and more prominent abdominal sepsis in the NTG group. Causative pathogens were 

identified in 60 (86%) patients and blood cultures were positive for 16 (22.8%) patients. Nine 

patients in the NTG group and seven patients in the placebo group received enoximone 

during the study period; two patients in the placebo group received activated Protein C. 

Three patients in the NTG group and one patient in the placebo group died within 24 hours 

of admission due to progressive cardiac failure or cardiac arrest. Withdrawal from the study 

because of sustained hypotension was not reported. 

In both groups, MFI in small vessels significantly increased over a 24-hour period of 

protocolised resuscitation, in comparison to baseline. In the NTG group, the change was 

from 1.67(0.67-2.42) to 2.71 (1.85-3), p < 0.0001 and in the placebo group from 1.42(0.83-2.63) 

to 2.71(1.27-3), p = 0.006 (Table 3, Figure 2). MFI in medium and large-sized vessels increased 

in a small but significant way in the NTG group, and not in the placebo group (Table 3).

Despite this overall increment in small vessel MFI over time, there was no significant 

difference in primary outcome between the NTG and placebo groups at 24 hours after the 

administration of study medication (Table 3). Median MFI in sublingual small vessels was 

2.71 (1.85-3) versus 2.71 (1.27-3), p = 0.80; in medium-sized vessels 3 (2.75-3) versus 2.86 

(2.19-3), p = 0.21; and in large-sized vessels 3 (3-3) versus 3 (2.89-3), p = 0.06 (Table 3, Figure 

2). The number of responders, defined as any MFI increment for small vessels between 

baseline and 24 hours was similar in both the NTG and placebo groups: 24 (68.5%) versus 20 

(57.1%), p = 0.46. The heterogeneity index and parameters of (perfused) vessel density (TVD, 

PPV and PVD) did not differ between groups, except for a significant but small difference in 

PPV after 30 minutes and after 24 hours (Table 3). 

The heterogeneity index decreased significantly over time in both groups, but parameters of 

(perfused) vessel density remained unaltered.
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Figure 1. Trial profile

63 excluded:63 excluded:
8 no confirmation source of sepsis8 no confirmation source of sepsis

17 no organ dysfunction 17 no organ dysfunction 
2 organ dysfunction > 48 hours2 organ dysfunction > 48 hours
6 no full consent therapy (DNR excluded)6 no full consent therapy (DNR excluded)

15 use of nitrates within 24 hours15 use of nitrates within 24 hours
3 no research team available3 no research team available
1 pregnancy1 pregnancy

11 no informed consent11 no informed consent
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Table 2. Baseline characteristics

Variables Nitroglycerin(n=35) Placebo(n=35) p Value

Men 21(60) 22(62.9) 0.81

Age 64±15.8 59(15.4) 0.2

APACHE IV 88±24 94±62 0.59

Predicted mortality APACHE IV (%) 43±21 39±16 0.36

SOFA 9±3 10±3 0.66

Source of infection

  Lung 12(34) 12(34)

  Abdominal 19(54) 12(34)

  Urinary tract 2(6) 2(6)

  Other 2(6) 9(26)

Mean arterial pressure, mmHg 72±11.5 71±12.0 0.97

Heart rate, beats/min 109±16.7 112±17.8 0.52

Central venous pressure, mm Hg 12±4.0 13±5.5 0.26

Cardiac index, l/min . m2 4.1±1.3 4.3±1.3 0.63

Pulmonary artery wedge pressure, mm Hg 15±6.0 16±5.9 0.51

Mixed venous oxygen saturation, % 71±8.4 71±6.3 0.87

Oxygen consumption, ml/min. m2 153±46 165±75 0.41

Oxygen delivery, ml/min. m2 581±168 608±214 0.55

Oxygen extraction, % 28±8.8 27±7.1 0.78

Dopamine dose, n, μg/kg . min
Norepinephrine dose, n, μg/kg . min

30, 5.4±3.8
11, 0.37±0.52

30, 6.0±3.5
12, 0.27±0.43

0.53
0.37

Central-to-toe temperature gradient, °C 5.5±2.6 5.4±2.5 0.87

Ventilation-perfusion ratio, % 30±10 32±10 0.31

Ventilator, use of 34(97.1) 35(100) 0.32

PEEP, cm H
2
O 12±3 13±3 0.28

Lactate, baseline, mmol/l 2.8±2.3 2.4±2.1 0.5

Lactate, highest before baseline, mmol/l 3.5±2.4 3.2±2.9 0.63

pH 7.31±0.9 7.31±1.0 0.96

Base excess, mmol/l -5.8±5.3 -6.2±6.0 0.26

Haematocrit, % 31±4 32±6 0.80

ARF RIFLE score on admission 0.51±0.98 0.89±1.08 0.14

APACHE Acute Physiology And Chronic Health Evaluation, SOFA Sequential Organ Failure Assessment, 

MFI Microvascular Flow Index, PEEP Positive End Expiratory Pressure, ARF Acute Renal Failure, RIFLE Risk 

Injury Failure Loss and Endstage. All data are presented as mean±SD or as numbers (%).
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Table 3. Microvascular variables over time

Variables Baseline 30 minutes

NTG(n=35) Placebo(n=35)NTG(n=35) Placebo(n=35)

MFI small vessels 1.67 (0.67-2.42) 1.42 (0.83-2.63) 1.83 (1.08-2.75) 1.83 (0.83-2.83)

MFI medium vessels 2.33 (1.83-2.83) 2.33 (2-2.83) 2.67 (2.25-2.83) 2.42 (2.17-2.92)

MFI large vessels 2.92 (2.75-3) 2. 92 (2.75-3) 3 (2.83-3) 3 (2.75-3)

TVD , mm/mm2 14 (12.8-15.6) 15 (12.3-16.1) 13.9 (12.2-15) 14.1 (12.8-15.9)

PPV , % 98 (93-100) 97 (89-100) 100 (96-100) 97 (90-99) *

PVD, 1/mm 9.1 (8.3-10.5) 9.8 (8.4-10.8) 9.7 (8.7-10.5) 9.7 (8-10.5)

Heterogeneity index 1.76 (0.88-2.84) 1.96 (0.66-3) 1.71 (0.36-2.17) 1.53 (0.36-2.75)

MFI microcirculatory flow index, NTG nitroglycerin, TVD total vessel density of (small) vessels, PPV 

proportion of perfused (small) vessels, PVD perfused (small) vessel density. Cut-off value for small vessels 

< 20 μm. All data are presented as medians (IQR). *P Value < 0.05 between groups, non-parametric test for 

independent samples. † P value < 0.05, ‡ < 0.0001 after 24 hours in comparison to baseline, non-parametric 

test for dependent samples.

2 hours 12 hours 24 hours

NTG(n=35) Placebo(n=35) NTG(n=34) Placebo(n=35) NTG(n=32) Placebo(n=34)

2.25 (1.42-2.75) 2.25 (1.25-2.92) 2.34 (0.83-3) 2.08 (1.5-2.83) 2.71 (1.85-3) ‡ 2.71 (1.27-3)†

2.83 (2.42-3) 2.75 (2.33-3) 2.79 (2.08-3) 2.67 (2.5-2.92) 3 (2.75-3) ‡ 2.86 (2.19-3)

3 (3-3) 3 (3-3) 3 (2.81-3) 3 (2.92-3) 3 (3-3) † 2.89 (3-3)

14.3 (13.2-15.1) 14 (12.9-16) 14 (13.1-15.7) 13.9 (13.2-15.5) 13.9 (12.5-15.7) 14.7 (13.1-16.1)

99 (96-100) 98 (93-100) 99 (93-100) 99 (93-100) 100 (98-100) 98 (86-100)*

9.7 (8.4-10.7) 9.5 (8.7-11.3) 10 (8.3-10.8) 9.1 (8.2-10.5) 10.2 (8.7-11.2) 10.1 (8.5-10.7)

0.82 (0.26-2.11) 1.24 (0.34-2.4) 1.22 (0-2.89) 1.44 (0.35-2) 0.74 (0-1.62) ‡ 0.54 (0-1.76) † 
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Table 3. Microvascular variables over time

Variables Baseline 30 minutes

NTG(n=35) Placebo(n=35)NTG(n=35) Placebo(n=35)

MFI small vessels 1.67 (0.67-2.42) 1.42 (0.83-2.63) 1.83 (1.08-2.75) 1.83 (0.83-2.83)

MFI medium vessels 2.33 (1.83-2.83) 2.33 (2-2.83) 2.67 (2.25-2.83) 2.42 (2.17-2.92)

MFI large vessels 2.92 (2.75-3) 2. 92 (2.75-3) 3 (2.83-3) 3 (2.75-3)

TVD , mm/mm2 14 (12.8-15.6) 15 (12.3-16.1) 13.9 (12.2-15) 14.1 (12.8-15.9)

PPV , % 98 (93-100) 97 (89-100) 100 (96-100) 97 (90-99) *

PVD, 1/mm 9.1 (8.3-10.5) 9.8 (8.4-10.8) 9.7 (8.7-10.5) 9.7 (8-10.5)

Heterogeneity index 1.76 (0.88-2.84) 1.96 (0.66-3) 1.71 (0.36-2.17) 1.53 (0.36-2.75)

MFI microcirculatory flow index, NTG nitroglycerin, TVD total vessel density of (small) vessels, PPV 

proportion of perfused (small) vessels, PVD perfused (small) vessel density. Cut-off value for small vessels 

< 20 μm. All data are presented as medians (IQR). *P Value < 0.05 between groups, non-parametric test for 

independent samples. † P value < 0.05, ‡ < 0.0001 after 24 hours in comparison to baseline, non-parametric 

test for dependent samples.

(Table 3. Microvascular variables over time)

2 hours 12 hours 24 hours

NTG(n=35) Placebo(n=35) NTG(n=34) Placebo(n=35) NTG(n=32) Placebo(n=34)

2.25 (1.42-2.75) 2.25 (1.25-2.92) 2.34 (0.83-3) 2.08 (1.5-2.83) 2.71 (1.85-3) ‡ 2.71 (1.27-3)†

2.83 (2.42-3) 2.75 (2.33-3) 2.79 (2.08-3) 2.67 (2.5-2.92) 3 (2.75-3) ‡ 2.86 (2.19-3)

3 (3-3) 3 (3-3) 3 (2.81-3) 3 (2.92-3) 3 (3-3) † 2.89 (3-3)

14.3 (13.2-15.1) 14 (12.9-16) 14 (13.1-15.7) 13.9 (13.2-15.5) 13.9 (12.5-15.7) 14.7 (13.1-16.1)

99 (96-100) 98 (93-100) 99 (93-100) 99 (93-100) 100 (98-100) 98 (86-100)*

9.7 (8.4-10.7) 9.5 (8.7-11.3) 10 (8.3-10.8) 9.1 (8.2-10.5) 10.2 (8.7-11.2) 10.1 (8.5-10.7)

0.82 (0.26-2.11) 1.24 (0.34-2.4) 1.22 (0-2.89) 1.44 (0.35-2) 0.74 (0-1.62) ‡ 0.54 (0-1.76) † 
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Table 4. Systemic haemodynamic variables over time

Variables Baseline 30 minutes

NTG(n=35) Placebo(n=35)NTG(n=35) Placebo(n=35)

Mean arterial pressure, mmHg 72±11.5 71±12.0 66±14.7 70±11.8

Heart rate, beats/min 109±16.7 112±17.8 109±18.1 111±20.3

Central venous pressure, mm Hg 12±4 13±5.5 11±4 12±4.7

Cardiac index, l/min . m2 4.1±1.3 4.3±1.3 4.1±1.3 4.1±1.2

Pulmonary artery wedge pressure, mm Hg 15±6 16±6 15±6 16±6

Mixed venous oxygen saturation, % 71±8.4 71±6.3 69±8.6 71±8.2

Oxygen consumption, ml/min. m2 153±46 165±75 147±49 160±173

Oxygen delivery, ml/min. m2 581±168 608±214 554±160 588±173

Oxygen extraction, % 28±8.8 27±7.1 28±8.9 28±7.3

Dopamine dose, n, μg/kg . min 30, 5.4±3.8 30, 6.0±3.5 31, 5.6±3.9 30, 5.8±3.3

Norepinephrine dose, n, μg/kg . min 11, 0.07±0.1 12, 0.05±0.09 17, 0.07±0.1 18, 0.07±0.7

Central-to-toe temperature gradient, °C 5.5±2.6 5.4±2.5 5.2±2.3 5.2±3

Ventilation-perfusion ratio, % 30±10 32±10 33±11 32±10

Lactate, mmol/l 2.8±2.3 2.4±2.1 2.8±2.5 2.3±2

Haematocrit, % 31±4.2 32±6.0 30±4.1 32±5.7

Fluid balance, l - - - -

NTG nitroglycerin. All data are presented as mean±SD. *P value < 0.05, non-parametric test for independent 

samples between treatment groups. 

2 hours 12 hours 24 hours

NTG(n=35) Placebo(n=35) NTG(n=34) Placebo(n=35) NTG(n=32) Placebo(n=34)

66±12.2 67±8.9 64±11.7 66±10.8 69±10.7 67±10.7

108±19.7 106±17.3 108±17.4 105±18.9 109±20.0 108±17.2

11±4.3 12±4.3 11±4 12±5.5 12±4 12±5.1

4.1±1.3 3.9±1 4.0±1.2 3.7±0.8 4.2±1.0 4.1±0.87

14±5 16±5 15±5 16±5 14±6 15±6

70±8.6 69±7.7 71±10.4 72±5.9 73±7.1 75±6.1

145±50 151±38 141±37 142±43 147±43 135±33

542±155 563±158 544±161 540±117 588±159 583±140

29±9.4 29±7.5 28±11.1 26±6.2 26±6.9 24±7.0

31, 6.1±3.9 32, 6.3±3.2 32, 6.7±4.0 32, 7.0±3.3 31, 6.0±4.2 30, 7.1±3.6

18, 0.08±0.1 20, 0.08±0.2 25, 0.12±0.09 25, 0.09±0.11 17, 0.12±0.12 18, 0.12±0.20

4.9±2.9 6.5±6.1 4.4±1.9* 6.6±3.8 4.3±2.1 5.4±2.5

29±8 30±8 28±8 28±10 27±8 30±10

2.6±2.2 2.1±1.7 2.0±1.9 1.8±.2.0 1.9±1.6 2.69±4.2

30±3.8 32±5.3 30±3.9 33±4.8 30±3.9 31±3.8

- - - - 5.8±2.7 6.5±2.3
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Table 4. Systemic haemodynamic variables over time

Variables Baseline 30 minutes

NTG(n=35) Placebo(n=35)NTG(n=35) Placebo(n=35)

Mean arterial pressure, mmHg 72±11.5 71±12.0 66±14.7 70±11.8

Heart rate, beats/min 109±16.7 112±17.8 109±18.1 111±20.3

Central venous pressure, mm Hg 12±4 13±5.5 11±4 12±4.7

Cardiac index, l/min . m2 4.1±1.3 4.3±1.3 4.1±1.3 4.1±1.2

Pulmonary artery wedge pressure, mm Hg 15±6 16±6 15±6 16±6

Mixed venous oxygen saturation, % 71±8.4 71±6.3 69±8.6 71±8.2

Oxygen consumption, ml/min. m2 153±46 165±75 147±49 160±173

Oxygen delivery, ml/min. m2 581±168 608±214 554±160 588±173

Oxygen extraction, % 28±8.8 27±7.1 28±8.9 28±7.3

Dopamine dose, n, μg/kg . min 30, 5.4±3.8 30, 6.0±3.5 31, 5.6±3.9 30, 5.8±3.3

Norepinephrine dose, n, μg/kg . min 11, 0.07±0.1 12, 0.05±0.09 17, 0.07±0.1 18, 0.07±0.7

Central-to-toe temperature gradient, °C 5.5±2.6 5.4±2.5 5.2±2.3 5.2±3

Ventilation-perfusion ratio, % 30±10 32±10 33±11 32±10

Lactate, mmol/l 2.8±2.3 2.4±2.1 2.8±2.5 2.3±2

Haematocrit, % 31±4.2 32±6.0 30±4.1 32±5.7

Fluid balance, l - - - -

NTG nitroglycerin. All data are presented as mean±SD. *P value < 0.05, non-parametric test for independent 

samples between treatment groups. 

2 hours 12 hours 24 hours

NTG(n=35) Placebo(n=35) NTG(n=34) Placebo(n=35) NTG(n=32) Placebo(n=34)

66±12.2 67±8.9 64±11.7 66±10.8 69±10.7 67±10.7

108±19.7 106±17.3 108±17.4 105±18.9 109±20.0 108±17.2

11±4.3 12±4.3 11±4 12±5.5 12±4 12±5.1

4.1±1.3 3.9±1 4.0±1.2 3.7±0.8 4.2±1.0 4.1±0.87

14±5 16±5 15±5 16±5 14±6 15±6

70±8.6 69±7.7 71±10.4 72±5.9 73±7.1 75±6.1

145±50 151±38 141±37 142±43 147±43 135±33

542±155 563±158 544±161 540±117 588±159 583±140

29±9.4 29±7.5 28±11.1 26±6.2 26±6.9 24±7.0

31, 6.1±3.9 32, 6.3±3.2 32, 6.7±4.0 32, 7.0±3.3 31, 6.0±4.2 30, 7.1±3.6

18, 0.08±0.1 20, 0.08±0.2 25, 0.12±0.09 25, 0.09±0.11 17, 0.12±0.12 18, 0.12±0.20

4.9±2.9 6.5±6.1 4.4±1.9* 6.6±3.8 4.3±2.1 5.4±2.5

29±8 30±8 28±8 28±10 27±8 30±10

2.6±2.2 2.1±1.7 2.0±1.9 1.8±.2.0 1.9±1.6 2.69±4.2

30±3.8 32±5.3 30±3.9 33±4.8 30±3.9 31±3.8

- - - - 5.8±2.7 6.5±2.3

(Table 4. Systemic haemodynamic variables over time)
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Figure 2. Box plots of sublingual microvascular flow index (MFI) in small vessels (< 20 μm) during the 

24-hour study period

Figure 3. Kaplan-Meier plot of survival from randomization to day 60
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Table 5. Morbidity and mortality outcome variables

Variables Nitroglycerin(n=35) Placebo(n=35) P Value

ICU mortality, n(%) 11(31.4) 4(11.4) 0.08

Hospital mortality, n(%) 12(34.3) 5(14.2) 0.09

LOS ICU, median (IQR) 8(4-12) 12(7-16) 0.03

LOS hospital, median (IQR) 21(8-35) 29(17-48) 0.04

Cumulative SOFA day 1-5 30(22-41) 46(32-53) 0.003

Cumulative SOFA ICU 46(28-80) 66(49-121) 0.02

ARF RIFLE score maximum, median (IQR) 3(0-3) 1(0-3) 0.37

CVVH, use of, n(%) 12(34.3) 11(31.4) 0.87

LOS Length of Stay, SOFA Sequential Organ Failure Assessment, MFI Microvascular Flow Index, ARF Acute 

Renal Failure, RIFLE Risk Injury Failure Loss and Endstage. 

In terms of secondary outcomes, there was no difference in systemic haemodynamic variables 

between treatment groups, with the exception of a lower central-to-toe temperature gradient 

in the NTG group in comparison to placebo (4.4±1.9 and 6.6±3.8 respectively, p=0.004) after 

12 hours (Table 4). Mean blood pressure, oxygen consumption and arterial lactate levels 

did not differ at any time. Both groups were administered equivalent doses of dopamine/

norepinephrine and no significant difference was recorded in terms of fluid balance after 

24 hours (Table 4).

Both for ICU and hospital LOS, as well as for cumulative SOFA scores over the first 5 days of 

ICU admission, there was a significant reduction in favour of the NTG group (Table 5). It is 

important to note that the NTG group presented a substantially higher ICU mortality rate, 

although the difference between the groups remained insignificant (31.4% in the NTG group 

and 11.4% in the placebo group, p=0.08). In addition, the NTG group displayed a higher in-

hospital mortality rate, although the difference was insignificant (34.3% in the NTG group 

and 14.2% in the placebo group, p=0.09) (Table 5, Figure 3).

Discussion

In the present study, we found that protocolised resuscitation resulted in recruitment of 

sublingual microcirculation, as indicated by a significant improvement in the MFI in 

comparison to baseline. However, we did not find any additional MFI improvement as a result 

of treatment with NTG in comparison to placebo in terms of sublingual microcirculatory 

alterations in patients with severe sepsis or septic shock, with the exception of a very small 

but significant increment in the proportion of perfused small vessels in the NTG group. In 

addition, we did not detect any significant differences in systemic haemodynamic parameters 

between the two treatment strategies, with the exception of a transient significantly lower 

central-to-toe temperature gradient evidenced in the NTG group.
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Our findings are not consistent with a previous report in which 8 patients responded 

promptly to a intravenous bolus of 0.5 mg NTG after pressure-guided resuscitation with 

a significant increase in sublingual MFI (8). However, despite use of an equivalent NTG 

dose, there are marked differences in respect to the study designs. To our knowledge, the 

present study is the first randomized placebo-controlled trial that has aimed to improve 

microcirculatory blood flow in patients with severe sepsis/septic shock, after a rigorous 

resuscitation protocol based upon the principles of early goal-directed therapy and repetitive 

dynamic testing of fluid-responsiveness. Resuscitation endpoints (minimal mean blood 

pressure of > 60 mmHg, central venous pressure > 12 mmHg at the lowest dopamine dose) 

in the previous study did not rule out fluid-responsiveness, nor persistence of heart failure. 

The fact that MFI of large vessels in the study by Spronk et al. was below 2.5 in the majority 

of patients and that it responded to NTG to the same extent as in small vessels is consistent 

with persistent fluid-responsiveness. Specifically, flow in large vessels is maintained despite 

gross flow alterations in small vessels (13), as was the case in our study. In a recent report, 

septic patients who had been characterized as responders to fluid expansion in terms of 

classical systemic haemodynamic parameters demonstrated concomitant improvement 

of sublingual microcirculatory blood flow (18). Furthermore, treatment of (relative) heart 

failure by targeting a central venous oxygen saturation ≥ 70% has been proven to lead to 

improved outcomes (9). However, despite a reported relation between improvement of the 

SOFA score and sublingual microcirculatory blood flow (19), a causative relation between 

optimization of venous oxygen saturation and microcirculatory blood flow remains to 

be established. Besides these differences in resuscitation endpoints, other factors, such 

as timing and concomitant medication, may have played a role. The previously reported 

immediate response to NTG after 5 minutes was outside the scope of our observations 

and use of the s
2 

–serotonergic receptor blocker ketanserin was not part of our protocol. 

Indeed, under conditions of local hypoxia, red blood cell scavenging of nitric oxide has 

been demonstrated to evoke a situation-dependent vasoconstrictive effect in the context of 

serotonin administration (20).

An important assumption that underpinned our study design was the notion that NTG would 

act as a nitric oxide (NO) donor. NTG and other organic nitrates are believed to use the same 

signalling pathway as NO generated by NO synthases (NOS, 21). In this manner, NO-related 

promotion of vascular smooth muscle relaxation, attenuation of leukocyte-endothelium 

and leukocyte-platelet interaction (22) and reduction of oedema formation (23) were all 

considered potential mechanisms to promote microcirculatory blood flow. However, in 

contrast to isosorbide dinitrate, NTG showed a striking dissociation of its vascular activity 

and NO-donor properties (24). This dissociation together with a diminished suppression of 

activity by the NO-scavenger carboxy-PTIO (25) challenges the widely accepted NTG/NO 

hypothesis. 
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Apart from the discussed mechanism of action, the net effect of NTG on the delicate balance 

between vasodilatation and vasoconstriction also depends on mechanisms referred to as 

tolerance and pseudotolerance. Pseudotolerance involves the dose-dependent, non-NTG 

specific neurohormonal counter-regulation due to the use of vasodilatory substances and 

has been reported to occur within 48 hours of administration (23). It includes increases in 

plasma catecholamine, vasopressin and aldosterone levels, as well as enhanced plasma renin 

activity (25). NTG-specific hypercontractile responses to angiotensin II and phenylephrine as 

a result of NTG-induced endothelial dysfunction following chronic NTG exposure is termed 

nitrate tolerance (26), and is believed to be elicited by oxidative stress (21).NTG treatment 

has previously been shown to stimulate vascular peroxynitrite formation as a reaction 

product of NO and superoxide (27,28). Insufficient concentrations of the NOS III cofactor 

tetrahydrobiopterin may lead to further uncoupling of NOS III, with subsequent superoxide 

release (29). It is conceivable that, due to previous endothelial dysfunction and a relative 

lack of substrates in sepsis, situation-dependent formation of peroxynitrite and superoxide 

instead of NO may occur, even within the timeframe of the present study. The observed 

absence of differences in both microcirculatory and systemic parameters between NTG 

and placebo treatment does not disallow the potential absence of NO-mediated vascular 

relaxation and warrants further study.

Although not designed to detect differences in survival between the NTG and placebo 

groups, this study revealed an insignificant but substantial difference in absolute numbers 

with regard to ICU and in-hospital mortality, in favor of the placebo group. However, the 

observed lower cumulative SOFA scores in the NTG group, do not create an unequivocal 

picture. Due to our relatively small sample size, an imbalance between the two groups cannot 

be ruled out. We observed no differences in circulatory parameters that could explain the 

difference in mortality. The overall in-hospital mortality in both groups was lower than that 

predicted by the APACHE IV scores: we observed an in-hospital mortality rate of 34.1% in 

the NTG group, as compared with a predicted 43±21% rate. In the placebo group, the 14.2% 

predicted value was lower than the 39±16% observed metric. Nevertheless, the potential 

deleterious mechanism of peroxynitrite and superoxide formation due to NTG treatment 

in these septic patients raises questions about its use. Further scientific examination of this 

finding is exigent.

Limitations of the present study are largely related to the trial design. Specifically, the 

complete blinding between the attending physician and the investigator involved the 

inclusion of all eligible patients, regardless of the extent of their baseline sublingual 

microcirculatory alterations. Although the MFI at baseline was consistent with our power 

calculations across both groups, we note our study’s consequent loss of discriminative ability 

due to the inclusion of patients without a significant decrease in baseline MFI. Furthermore, 

the (predominantly) semi-quantitative methodology used in our analysis of flow and 
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capillary density may have resulted in the loss of detailed information that was beyond the 

recording range of our instruments. In this respect, we note that both MFI and heterogeneity 

index evolved over time, consistent with other reports in the literature (6,17), whereas PPV 

remained unaltered over time and was considerably higher than that in previous reports 

(4,5). This discrepancy might be due to differences in resuscitation endpoints. The use of 

software in this study to accurately measure vessel diameter, instead of discriminating 

small from large vessels by eye, might also lead to the inclusion of generally better perfused 

larger vessels in PPV. 

In conclusion, our presented data do not support the hypothesis that treatment of patients 

with severe sepsis or septic shock with intravenous nitroglycerin promotes sublingual 

microcirculatory blood flow and perfusion. Our results are of note in the context of rigorous 

resuscitation based on EGDT-derived principles and the dynamic exclusion of fluid-

responsiveness.
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