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Original Article

Comparison of norepinephrine and dopamine in 

the management of septic shock using impedance 
cardiography

Sharad K. Mathur, Rajiv Dhunna*, Arpan Chakraborty**
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Objective: Vasoconstrictors are one of the therapeutic modalities in the treatment of septic shock. In the present 

study, we have compared the effects of dopamine and norepinephrine in the treatment of septic shock with 

pre-defi ned end-points and continuous non-invasive cardiac output monitoring using impedance cardiography. 

Design: Randomized controlled trial. Settings: Sixteen-bedded mixed intensive care unit of a tertiary care 

teaching institution. Materials and Methods: The study included 50 consecutive patients presenting with 

septic shock and divided randomly into two groups with 25 patients in each group. Group I patients were 

treated with dopamine and those in Group II were treated with norepinephrine. They were optimized with fl uid 

resuscitation upto CVP>10 cm of H
2
O, packed red cells transfusion upto hematocrit >30, oxygenation and 

ventilation upto PaO
2
>60 mmHg before the inotropes were started. The goal of therapy was to achieve and 

maintain for six hours, all of the following: (1) SBP >90 mm Hg, (2) SVRI >1100 dynes.s/cm5m2, (3) Cardiac 

Index >4.0L/min/m2, (4) IDO
2
 >550 ml/min/m

2
 and (5) IVO

2
 >150 ml/min/m2. Measurements: The demographic 

data, baseline parameters and post-treatment parameters were statistically analyzed by using t-test. Results: 

The post-treatment parameters were statistically signifi cant showing the superiority of norepinephrine over 

dopamine in optimization of hemodynamics and patient survival. Signifi cant improvement in systolic blood 

pressure, heart rate, cardiac index, SVRI, IVO
2
 and urine output were found in norepinephrine group than 

the dopamine group. Dopamine showed a response in 10 out of 25 patients up to a maximum dose of 25 

mcg/kg/min while with norepinephrine, 19 patients responded up to a maximum dose of 2.5 mcg/kg/min The 

hemodynamic parameters were preserved in norepinephrine group with better preservation of organ perfusion 

and oxygen utilization with maintenance of splanchnic and renal blood fl ow as evidenced by signifi cant increase 

in O2 uptake and urine fl ow. Conclusion: Norepinephrine was more useful in reversing the hemodynamic 

and metabolic abnormalities of septic shock compared to dopamine at the doses tested. 

Key words: Dopamine, impedance cardiography, norepinephrine
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Introduction
Sepsis, infl ammatory response to infection, directly or 

indirectly contributes to mortality in majority of the critically 

ill patients. An elevated cardiac index and a decreased 

systemic vascular resistance leading to hypotension 

and hypoperfusion of vital organs characterize the 

early stage of septic shock. The hypotensive state is 
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often not amenable to fl uid resuscitation alone and 

requires institution of vasoactive agents to counter the 

profound fall in systemic vascular resistance, which is 

an integral feature of septic shock. Vasoconstrictors 

are the main stay of treatment in reversing reversing 

the hemodynamic and metabolic abnormalities of 

hyperdynamic septic shock. 

The more recent trend however focuses on monitoring 

the variables that have a direct infl uence on the outcome 

of septic shock. These include:

1. Systolic and mean arterial pressure (SBP and MAP)

2. Systemic vascular resistance index (SVRI)

3. Cardiac index (CI)

4. Index of delivery of oxygen (IDO
2
)

5. Index of oxygen uptake (IVO
2
)

These variables may be monitored either invasively or 

non-invasively. Impedance cardiography, the non-invasive 

method of cardiac output monitoring, has been found to 

be a satisfactory substitute for invasive monitoring as 

it provides essentially similar information and is easier, 

quicker, cheaper and much safer to use.[1-6]

Hence in the present study, the effi ciency and dose 

requirement of two vasoconstrictors, dopamine and 

norepinephrine, were compared with predefi ned end 

points and continuous noninvasive hemodynamic 

monitoring. 

Materials and Methods
The study was done in the intensive care unit of Institute 

of Medical Sciences, Banaras Hindu University, Varanasi 

and included 50 consecutive patients presenting with 

septic shock. The study was approved by the ethics 

committee. An informed consent was taken from the 

patients or their close relatives to get enrolled. Patients 

with two or more of the following criteria along with systolic 

blood pressure less than 90 mm Hg were included - (1) 

body temperature greater than 38ºC or less than 36ºC, 

(2) heart rate greater than 90/min, (3) respiratory rate 

greater than 20/min and (4) WBC count more than 12000/

cmm or less than 4000/cmm or more than 10% bands. 

Internal jugular vein and radial artery of the patient was 

cannulated. The non-invasive cardiac output monitor, IQ 

System (Wantagh, Inc.) was connected to the patient by 

ECG lead system. 

 Crystalloids were used for resuscitation while at the 

same time packed red blood cells were administered 

to maintain a hematocrit more than 30.The end point of 

resuscitation was defi ned as:

1. CVP more than 10 cm H
2
O

2. No further increase or a decrease in cardiac index with 

any further increase in fl uid volume or appearance of 

clinical features of fl uid overload.

The ventilatory status was assessed and was managed 

simultaneously with either invasive or non-invasive modes 

of ventilation, so as to maintain PaO
2
 more than 60 mmHg 

and PaCO
2
 in a range of 35-40 mmHg. The arterial blood 

gases were measured at an interval of 30 min until 

ventilation and oxygenation status was optimized.

Patients enrolled in the study were randomly allocated 

to two groups according to vasoactive agent used [Table 

1]. The outcome assessors were blinded to the drug the 

patient was receiving. However on their assessment and 

as per the set protocol of the study, the operator of the 

syringe pump was asked to change the doses of the drug. 

The person who manipulated the syringe pump knew 

what drug the patient was receiving and what were the 

set aliquots for that drug.

The goal of therapy was to achieve and maintain for six 

hours, all of the following:

1. SBP more than 90 mm Hg

2. SVRI more than 1100 dynes.s/cm5m2

3. Cardiac Index more than 4.0L/min/m2 

4. IDO
2
 more than 550 ml/min/m2 

5. IVO
2
 more than 150 ml/min/m2 

All the parameters were recorded every 15 min. The 

Table 1: Study design

 Group-I (25 patients) Group-II (25 patients)

Drug used Dopamine Norepinephrine
Dose range 10-25 mcg/kg/min 0.5-2.5 mcg/kg/min

Increments 2.5 mcg/kg/min 0.25 mcg/kg/min
Time interval 15 min 15 min

Termination of study Goal achieved or failure Goal achieved or failure
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“responder” to the vasoactive agent used was a patient 

who achieved and maintained all the predefi ned goals 

of therapy for a period of six hours, in the specifi ed dose 

range.

Results
The observations from the study were recorded and 

analyzed. Age, sex, weight and APACHE II scoring at 

the time of admission in ICU were compared by using 

student’s t-test and the differences in the two groups were 

found non-signifi cant [Table 2]. The baseline parameters 

were also found to be insignifi cant between the two 

groups [Table 3].

On comparison of the post-treatment parameters 

(at six hours in responders, or at maximum dose of 

vasoactive agent in non-responders) all, except IVO
2
, 

were found statistically signifi cant (P<0.05) by using t-

test (-4). Systemic vascular resistance index (SVRI) in 

group I patients increased from a mean of 672.88±32.16 

dynes.s/cm5m2 with only 10 of the 25 patients achieving 

and maintaining the preset goal of SVRI > 1,100 dynes.

s/cm5m2. Group II patients showed a rise in SVRI from 

a mean baseline of 686.48± 31.73 dynes.s/cm5m2 to a 

mean post treatment value of 1123.60±185.72 dynes.

s/cm5m2. 

 Cardiac Index (CI) in group I patients demonstrated a 

signifi cant upswing (5.95± 0.22 L/min/m2) from the mean 

baseline (5.23± 0.53 L/min/m2). Group II patients showed 

no signifi cant rise in CI from the baseline values. 

 The IDO
2
 in group I patients increased from a baseline 

mean of 731.71 ± 74.54 ml/min/m2 to a post treatment 

mean value of 827.35 ± 31.65 ml/min/m2. The mean IDO
2
 

baseline value in group II patients showed no signifi cant 

difference from the baseline mean in group I patients. The 

number of responders, effective dose of the vasopressor 

used and survivors are tabulated in Table 4.

Discussion
The early stage of septic shock is characterized by 

an elevated cardiac index and a decreased systemic 

vascular resistance, leading to hypotension and hypo 

perfusion of vital organs. One half of non-survivors of 

sepsis are estimated to die of refractory hypotension.[7] 

Therefore, hemodynamic management of the septic 

patient to support blood pressure and thereby maintain 

perfusion to vital organs is an important aspect of care.

Hypotension is often not amenable to fl uid (crystalloids 

or colloids) resuscitation alone and requires institution of 

vasoactive agents to counter the profound fall in systemic 

vascular resistance, which is an integral feature of septic 

shock. The controversy still rages regarding the ideal 

vasoactive agent and no universal agreement exists as 

to which of the agents available, should be used fi rst.

Dopamine has been used widely as a fi rst choice 

vasoactive agent in septic shock (Third European 

Consensus Conference in Intensive Care Medicine 

- Crit Care Med 1996). However, several studies have 

failed to demonstrate the restoration of adequate 

tissue perfusion, even with high doses of dopamine. 

These studies at the same time proved norepinephrine 

to be benefi cial in restoring and maintaining arterial 

blood pressure and urine output in septic shock.[8-10] 

Concerns regarding excessive vasoconstriction and 

impairment of tissue perfusion have persisted when using 

norepinephrine. Studies have shown that parameters of 

oxygen delivery and consumption are better markers 

Table 2: Demographic data 

Parameter Dopamine Norepnephrine P-value

 group group  

 (Mean±SD) (Mean±SD) 

Age (years) 54.60±10.92 52.76±10.41  >0.05

Sex (M: F) 17:8 15:10  >0.05

Weight (kg) 58.32±9.43 56.20±9.11  >0.05

APACHE II 24.56±2.90 25.60±2.31  >0.05

Table 3: Comparison of baseline parameters between 
dopamine and norepinephrine group 

Parameter Dopamine Norepnephrine P-value

 group group
 (Mean±SD) (Mean±SD) 

Heart rate (/min) 129.32±8.30 132.12±7.30  >0.05

SBP (mmHg) 76.96±7.14 74.312±6.12  >0.05
SVRI (dynes.s/cm5m2) 672.88±32.16  686.48±31.73  >0.05

CI (L/min/m2)  5.28±0.53 5.45±0.57  >0.05

IDO
2
 (ml/min/m2)  731.71±74.53 756.46±79.04  >0.05

IVO
2 
(ml/min/m2)  172.74±18.71  179.54±19.23  >0.05

Urine output (ml/kg/hr) 0.37±0.11 0.34±0.28  >0.05

Table 4: Post-treatment response

Group Responders Non-responders Effective dose range in responders (mcg/kg/min) Survivors

Dopamine group 10 15 15-20 6
Norepnephrine group 19 6 1.5-2.5 11
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Table 5: Comparison of post-treatment parameters 
between Group I and II

Parameter Dopamine Norepnephrine P-value 
 group  group

 (Mean±SD) (Mean±SD)  
Heart rate (/min) 141.64±8.67 129.08±5.86  <0.001

SBP (mmHg) 100.04±23.36 112.84±21.21  <0.05
SVRI (dynes.s/cm5m2) 922.60±264.78 1123±185.72  <0.05

CI (L/min/m2)  5.95±0.22 5.53±0.58  <0.05
IDO

2
 (ml/min/m2)  827.35±31.65 769.63±80.43  <0.05

IVO
2 
(ml/min/m2)  210.62±11.31  202.54±23.03  >0.05

Urine output (ml/kg/hr) 0.81±0.75 1.17±0.47  <0.05

of effective resuscitation.[11,12] Our study therefore used 

parameters such IDO
2 
and IVO

2
, in addition to SBP and 

SVRI, to assess the comparative effi cacy of dopamine 

and norepinephrine and also to allay concerns regarding 

their deleterious effects. 

Before starting therapy the baseline heart rate of 

patients of both the groups was high. On treatment with 

dopamine in group I, heart rate rose signifi cantly above 

the baseline. On the other hand those patients who 

were treated with norepinephrine (group II) showed a 

statistically signifi cant decline in the heart rate compared 

to baseline. The post treatment increase in heart rate in 

group I patients was attributed to the chronotropic actions 

of dopamine, which in some patients led to signifi cant 

tachyarrhythmia (HR>140/min). Tachycardia is primarily 

due to the β-adrenergic properties of dopamine that 

predominate in patients with sepsis.[13] Moreover, the 

chronotropic sensitivity to β-adrenergic stimulation is 

increased in sepsis.[14] This chronotropic effect of dopamine 

elevates myocardial oxygen demand, which may not be 

adequately met even by increased coronary blood fl ow.[15] 

Patients on norepinephrine infusion on the other hand 

demonstrated a favorable profi le, leading to a decrease in 

heart rate compared to the baseline. It can be attributed to 

an increase in systemic vascular resistance and thereby 

the MAP, leading to better organ perfusion and oxygen 

utilization.

Mean baseline SBP in group I patients showed no 

signifi cant difference with the mean SBP in group II 

patients. However, post treatment the mean SBP in group 

II patients rose signifi cantly [Table 5] while patients in 

group I showed a moderate rise. Only 10 of the 25 patients 

in group I showed a sustained rise of SBP (>90 mmHg for 

more than six hours) as opposed to 19 patients in group II. 

Thus, remaining 15 patients showed a relative dopamine 

resistance depicted by their inability to achieve and/or 

to maintain the preset SVRI and SBP, thereby leading 

to continued hypoperfusion of organs. Group II patients 

showed a signifi cant rise in SVRI from the mean baseline 

value. This difference in the two groups can be attributed 

to more vasoconstrictive action of norepinephrine as 

compared to dopamine.

The positive inotropic and chronotropic effects of 

dopamine are responsible for rise in CI. However, mere 

rise in CI is not suffi cient per se, since studies have shown 

that survivors as well as non-survivors of septic shock 

may have a high CI, even within a few hours of death.[16] 

Norepinephrine group showed no signifi cant rise in CI 

from the baseline mean despite the rise in SVRI and 

SBP. This compared favorably to prior studies, which 

have shown that a rise in SBP by a potent vasopressor 

at the expense of cardiac index leads to poor survival.[17] 

Moreover the post-treatment IDO
2
 in group II patients 

(769.63± 80.43 ml/min/m2) showed no signifi cant rise 

from its baseline. This showed that the rise in SVRI in 

group I I patients had no deleterious effect on IDO
2
.

Index of uptake of oxygen (IVO
2
) in group I increased 

signifi cantly (210.62±11.23 ml/min/m2) over the mean 

baseline (172.74±18.71 ml/min/m2). This was primarily 

attributed to increase in index of delivery of oxygen (IDO
2
) 

and cardiac index (CI) rather than a fall in the venous 

oxygen content.

Norepinephrine administration demonstrated a 

signifi cant rise in IVO
2
 over the baseline values but it 

was not statistically signifi cant (P>0.05) when compared 

to post-treatment IVO
2
 in dopamine group. Thus group 

II patients showed an increase in oxygen uptake by the 

tissues, which were dependent neither on increased 

IDO
2
 nor CI. This increase in uptake of oxygen in group II 

patients may be attributed to the correction of splanchnic 

ischemia. Prior studies have also demonstrated increase 

in splanchnic blood fl ow with norepinephrine infusion in 

sepsis.[18] Under the infl uence of norepinephrine vascular 

reactivity is restored in sepsis towards the areas of 

greatest oxygen demand, thereby increasing uptake and 

optimizing oxygen extraction.

Group I patients showed an increase in urine output, 

while group II patients showed a significantly higher 

increase as compared to group I. Norepinephrine by virtue 

of its greater effect on the efferent rather than afferent 
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arterioles increases the fi ltration fraction and helps to 

increase urine fl ow, with normalization of renal vascular 

resistance and also by the decrease in the ADH release.

Group I showed a response in 10 out of 25 patients. 

The non-responders in this group either failed to achieve 

and / or to maintain the predefi ned goals even with the 

maximum dopamine infusion dose (25 mcg/kg/min). In 

group II 19 patients responded to norepinephrine infusion 

upto a dose of 2.5 mcg/kg/min. Thus norepinephrine was 

more useful in reversing the hemodynamic and metabolic 

abnormalities of septic sock compared to dopamine at 

the doses tested. The effective dose range in group I 

was 15 to 20 mcg/kg/min with no patient responding 

below or above it whereas in group II the effective dose 

of norepinephrine was between 1.5 mcg/kg/min to 2.5 

mcg/kg/min.

Six patients (24%) in the dopamine group and 11 (44%) 

patients in the norepinephrine group ultimately survived 

and were all ‘responders’. The predominant cause of 

mortality in rest of the patients in both groups was multiple 

organ dysfunction. 

The limitation of the study was that it only targeted the 

achievement of hemodynamic goals for a specifi c duration 

and thus the requirement of other vasoactive agents were 

not mentioned in both responders and non-responders. 

The inclusion criteria also did not consider the period 

of shock before starting therapy and the pre-existing 

organ dysfunction with which they presented to us. Also 

the requirement of other supportive measures like renal 

replacement therapy, duration of mechanical ventilation 

etc. were not taken into account in responders of both 

group. 

Conclusion
The study shows that at the doses tested, norepinephrine 

is more effective and reliable than dopamine in reversing 

the hemodynamic and metabolic abnormalities of septic 

shock and patient survival. It leads to better supply and 

uptake of oxygen by the tissues. Moreover, norepinephrine 

shows no adverse effect on peripheral blood fl ow or on 

renal blood fl ow, as evidenced by normalization of urine 

output.
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