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Abstract Background: Septic shock is a leading cause of mortality and morbidity among children all over the
world. Vasoactive therapy must be initiated in patients who have not improved after fluid resuscitation. Aim of
work: The aim of this study was to compare the effect of dopamine versus norepinephrine on the outcome of
pediatric septic shock. Patients and methods: The study was a prospective observational study that was conducted
on 40 children aged from 1 month to 12 years who were admitted to the emergency department. They were assigned
by the treating physicians to two groups: 1) Group A: 20 patients who received dopamine (5-20 mcg/kg/min).
2) Group B: 20 patients who received norepinephrine (1-1.5 mcg/kg/min). Clinical, hemodynamic, and laboratory
data were recorded and compared using appropriate statistical tests. Results: Baseline characteristics for the 40
children enrolled were nearly similar. There was a significantly higher mortality rate in the dopamine group
compared with the norepinephrine one (P < 0.05). As in the dopamine group, 15 patients died out of 20 patients,
while in the norepinephrine group 8 patients died out of 20 patients, (75% vs. 40%, p=0.025). Stepwise logistic
regression analysis revealed that PRISM-24 (p=0.001), drug (p=0.019), and MODS (p=0.003) could independently
predict the mortality in septic shock patients. Conclusions: Norepinephrine was associated with an increased
response to treatment and decreased risk of death in children with septic shock as compared to dopamine. Dopamine,
PRISM-24, and MODS could independently predict the mortality in children with septic shock.
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1. Introduction
Adequate fluid resuscitation is an essential aspect of the
hemodynamic management of patients with septic shock
and should be achieved before vasopressors and inotropes
are used, but early use of vasopressors in patients with
severe shock is frequently necessary [1].
Dopamine increases mean arterial pressure and cardiac
output, primarily due to an increase in stroke volume and
heart rate. Norepinephrine increases mean arterial pressure
due to its vasoconstrictive effects, with little change in
heart rate and less increase in stroke volume compared
with dopamine. Either may be used as a first-line agent to
correct hypotension in sepsis. Norepinephrine is more
potent than dopamine and may be more effective
at reversing hypotension in patients with septic shock.
Dopamine may be particularly useful in patients
with compromised systolic function but causes more
tachycardia and may be more arrhythmogenic [1].
When fluid administration fails to restore an adequate
arterial pressure and organ perfusion in patients with
septic shock, vasopressor agents should be initiated. The

goal is to restore effective tissue perfusion and to
normalize cellular metabolism [2].
There has been longstanding debate about whether one
catecholamine vasopressor agent is superior to another,
but different agents have different effects on pressure and
flow. The argument about which catecholamine is best in
a given situation is best transformed into a discussion
about which agent is best suited to implement the
therapeutic strategy chosen. The efficacy of hemodynamic
therapy in sepsis should be assessed by monitoring a
combination of clinical and hemodynamic parameters.
End points for therapy are debatable. Clinicians should
define specific goals and end points, titrate therapies to
those end points, and evaluate the results of their
interventions on an ongoing basis [2].

2. Patients and Methods
This was a prospective observational study which was
designed to compare the effect of dopamine versus
norepinephrine on the outcome of septic shock. It was
conducted on 40 patients with septic shock who were
admitted to the emergency department in Cairo University
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Children Hospital during six months interval from January
2012 to June 2012. The number of patients who were
admitted with septic shock or developed septic shock was
53 patients, but we included only 40 patients, as 13
patients were dropped out, because of death in the early
hours on diagnosis of septic shock. The included 40
patients were assigned by treating physician to two groups:
Group A: 20 patients who received dopamine and Group
B: 20 patients who received norepinephrine.
Patients were included if they were admitted with septic
shock or developed septic shock. Patients were excluded if
total length of stay in the emergency department after
diagnosis of septic shock was < 24hrs, or if they were
presenting with cardiogenic shock.
All patients were monitored by automated monitoring
equipments for arterial pressure (systolic, diastolic, and
MAP), heart rate, oxygen saturation, respiratory rate and
ECG tracing. Urine was collected via a urethral catheter
and bag. Variables were collected at study entry during the
first 24-48 hrs.
Data included the following variables: age, sex, cause
of admission, number and type of organ failure, heart rate,
blood pressure, and respiratory rate according to age
specific vital signs [3], core temperature using rectal
thermometer, mean arterial pressure (MAP) using the
2007 American College of Critical care Medicine (ACCM)
age-specific MAP indicating adequate resuscitation [5],
capillary refilling time, urine output, mental status, need
for mechanical ventilation, weaning from mechanical
ventilation, length of stay, pediatric risk of mortality
(PRISM) scoring, use of dopamine or norepinephrine
(24 hrs). Complete laboratory assessments including;
sepsis profile, blood gases, blood chemistry, cultures were
recorded.
Patients with variable sepsis syndromes (SIRS, sepsis,
severe sepsis, septic shock and MODS) were defined
according to the International Pediatric Sepsis Consensus
Conference (IPSCC) [3].
Pediatric Risk of mortality (PRISM) III score [4] was
applied in the first 24 hrs of ED admission to predict
outcome and severity of illness.
All patients in the study received broad-spectrum
antibiotic coverage upon diagnosis of septic shock till
culture results were obtained then the antibiotic regimen
was adjusted accordingly. Also all patients needed
respiratory support either by oxygenation or mechanical
ventilation. Hemoglobin concentration was maintained at
normal range for age. Glycemic control as blood glucose
was kept within the normal range (70-110 mg / dl) to
avoid both hypoglycemia and hyperglycemia with targets
of <180 mg/dl. Once diagnosis of septic shock was
established, and before addition of any inotrope, all
children were exposed to rapid and regular evaluation,
assessment, and recording of clinical examination
especially blood pressure (systolic, diastolic, and MAP),
capillary refilling time (CRT), HR, UOP, conscious
level and also results of laboratory and radiological
investigations. A hemodynamic management was used in
which all patients were given fluid resuscitation mainly
crystalloids (normal saline in all patients) up to 60 mL/kg
to raise MAP to normal range for age. After hypotension
persisted in all 40 patients despite this fluid challenge,
then patients were assigned by treating physician to one of

two treatment groups 1) those who received dopamine
(5-20 mcg/kg/min), (n = 20), dopamine was initiated at a
dose of 5 mcg/kg/min followed by 5 mcg/kg/min
increments every 10 – 20 minutes up to a dose of
20 mcg/kg/min and the dose was titrated until the
desirable effect was reached, or 2) those who received
norepinephrine(1 mg / 1ml) (started at 0.1 mcg/kg/min)
with 0.3 mcg/kg/min increments every 10 – 20 minutes up
to a maximal dose of 1.5 mcg/kg/min,(n = 20), and the
dose was titrated until the desirable effect was reached.
The treating physician calculated the dose of each drug by
the equation:

The desired amount
desired dose × body weight



×60 ( to convert min to hrs ) × 24hr 
=
.
1000 ( to convert mcg to mg ) 


× ( 40for DA or1for NE )

Compatible solution (glucose 5%) added by the nurse to
the measured amount for each drug in a 50 ml syringe to
reach to 24 ml. The infusion was started at the rate of
1 mL/hr via infusion pump through a separate peripheral
line and usually a central line. This vasoactive and
inotropic support was titrated to keep MAP ≥ normal for
age, urine output ≥ 1ml/kg/hr, improve of oxygenation and
ventilation, and normalization of mental status. When the
hemodynamic status of patients was stable for at least
24 hours, progressive weaning of the drugs was begun by
treating physicians. The daily evaluation and follow up
were done until death or discharge from emergency
department.
Table 1. ACCM Age-specific MAP Indicating Adequate Resuscitation
[5]
Age
Term newborn
Up to 1 year
1-2 years
2-7 years
7-15 years

Goal Mean Arterial Pressure
55
60
65
65
65

Laboratory investigations were recorded from files of
patients including: Complete blood count (CBC): White
blood cell count (WBC) was assessed according to age
specific laboratory value for sepsis definition [3] and
hemoglobin for age [6], Platelet count: 150,000-450,000,
C- reactive protein (CRP): Normal level (< 6 mg / ml) [6].
Erythrocyte sedimentation rate (ESR): Normal value
(0-20 mm / hr) [6] and Cultures (blood, sputum,
broncho-alveolar lavage, CSF, urine, stool, and wound).
Chemistry including: Serum blood urea nitrogen (BUN),
Creatinine, Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT), bilirubin age specific values [6],
Glucose 70-110 mg / dl, electrolytes (Na, K, Ca), and
arterial blood gases (ABG).

3. Statistical Analysis
Data were coded and entered using the statistical
package SPSS (Statistical Package for the Social Sciences)
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version 24. Data was summarized using mean, standard
deviation, median, minimum and maximum in
quantitative data and using frequency (count) and relative
frequency (percentage) for categorical data. Comparisons
between quantitative variables were done using the nonparametric Kruskal-Wallis and Mann-Whitney tests. For
comparison of serial measurements (before and after)
within each patient the non-parametric Wilcoxon signed
rank test was used [7]. For comparing categorical data,
Chi square (χ2) test was performed. Exact test was used
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instead when the expected frequency is less than 5 [8].
Logistic regression was done to detect independent
predictors of outcome [9]. P-values less than 0.05 were
considered as statistically significant.

4. Results
The age of all 40 patients ranged from 1 month to 143
months (mean 22.675 months)

Table 2. Comparison of age variation between the study groups
dopamine
P value
Age (months)

Mean

SD

Median

Minimum

Maximum

17.60

31.59

8.50

1.00

143.00

norepinephrine
27.75

21.58

20.00

0.017
2.00

72.00

The age of patients in the dopamine group was significantly lower (P < 0.05) than that in the norepinephrine group.
Out of 40 patients included; 23 (57%) were males and 17 (43%) were females.
Table 3. Comparison of sex distribution between the study groups
dopamine

male

Count
n=20
10

female

10

Sex

norepinephrine
P value

50.0%

Count
n=20
13

65.0%

50.0%

7

35.0%

%

%
0.337

There was no statistically significant difference in the sex distribution between the two groups (P > 0.05).
Out of 40 patients, 22 (55%) patients admitted to ER with septic shock and 18 patients admitted with another cause
other than septic shock which were neurological (25%), respiratory (17.5%), and renal (2.5%). In all 40 patients,
pneumonia was the cause of septic shock in 31/40 patients (77.5%).
All 40 patients had MODS ranging from 2 systems up to 6 systems.
Table 4. Comparison of MODS between the study groups
dopamine

MODS

respiratory

neurologic

hematologic

hepatic
cardiovascular
renal

2

Count
n=20
6

3

norepinephrine
P value

30.0%

Count
n=20
7

35.0%

4

20.0%

4

20.0%

4

6

30.0%

6

30.0%

5

2

10.0%

2

10.0%

6

2

10.0%

1

5.0%

yes

16

80.0%

18

90.0%

no

4

20.0%

2

10.0%

yes

11

55.0%

5

25.0%

no

9

45.0%

15

75.0%

yes

10

50.0%

6

30.0%

no

10

50.0%

14

70.0%

%

%

yes

5

25.0%

8

40.0%

no

15

75.0%

12

60.0%

yes

20

100.0%

20

100.0%

yes

8

40.0%

9

45.0%

no

12

60.0%

11

55.0%

1

0.661

0.053

0.197

0.311
--0.749
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Table 5. Comparison of MAP, CRT, HR, and UOP, before and after addition of dopamine and norepinephrine
dopamine
P value
Mean

SD

Median

Minimum

Maximum

MAP before inotrope (mmHg)

43.67

3.56

44.50

38.00

47.00

MAP after inotrope (mmHg)

65.40

7.06

65.00

52.00

78.00

CRT before inotrope (seconds)

5.75

2.51

6.00

2.00

10.00

CRT after inotrope (seconds)

3.05

1.28

3.00

2.00

7.00

HR before inotrope (b/m)

178.35

15.28

180.00

155.00

210.00

HR after inotrope (b/m)

137.50

21.93

135.00

110.00

193.00

UOP before inotrope (cc/Kg/h)

.68

.21

.70

.30

1.00

UOP after inotrope (cc/Kg/h)

1.00

.41

1.00

.40

1.80

Mean

SD

Median

Minimum

Maximum

MAP before inotrope (mmHg)

32.38

9.75

32.50

16.00

47.00

MAP after inotrope (mmHg)

65.75

14.12

66.00

24.00

91.00

CRT before inotrope (seconds)

6.00

1.86

6.00

2.00

10.00

CRT after inotrope (seconds)

2.25

1.21

2.00

1.00

6.00

HR before inotrope (b/m)

175.15

16.59

174.50

150.00

210.00

HR after inotrope (b/m)

122.85

19.02

118.00

100.00

170.00

UOP before inotrope (cc/Kg/h)

.68

.24

.70

.10

1.00

UOP after inotrope (cc/Kg/h)

1.13

.38

1.10

.50

2.00

0.028

< 0.001

< 0.001

0.002

norepinephrine
P value

0.012

< 0.001

< 0.001

< 0.001

Table 6. Comparison of mental status before and after addition of dopamine
dopamine
normal

altered due to pre-existing neurological cause

altered due to septic shock

Count n=20

%

Count n=20

%

Count n=20

%

Mental status before inotrope

0

.0%

8

40.0%

12

60.0%

Mental status after inotrope

6

30.0%

8

40.0%

6

30.0%

P value

0.015

norepinephrine
normal

altered due to pre-existing neurological cause

altered due to septic shock

Count n=20

%

Count n=20

%

Count n=20

%

Mental status before inotrope

0

.0%

5

25.0%

15

75.0%

Mental status after inotrope

12

60.0%

5

25.0%

3

15.0%

P value

<0.001

There was a statistically significant improvement in all parameters after addition of dopamine or norepinephrine.
Table 7. Comparison of MAP, CRT, HR, and UOP between two groups before and after addition of inotrope:
dopamine

norepinephrine

P value

Mean

SD

Median

Min

Max

Mean

SD

Median

Min

Max

MAP before inotrope (mmHg)

43.67

3.56

44.50

38.00

47.00

32.38

9.75

32.50

16.00

47.00

MAP after inotrope (mmHg)

65.40

7.06

65.00

52.00

78.00

65.75

14.12

66.00

24.00

91.00

0.478

CRT before inotrope ( seconds)

5.75

2.51

6.00

2.00

10.00

6.00

1.86

6.00

2.00

10.00

0.883

CRT after inotrope (seconds)

3.05

1.28

3.00

2.00

7.00

2.25

1.21

2.00

1.00

6.00

0.028

HR before inotrope (b/m)

178.35

15.28

180.00

155.00

210.00

175.15

16.59

174.50

150.00

210.00

0.512

HR after inotrope (b/m)

137.50

21.93

135.00

110.00

193.00

122.85

19.02

118.00

100.00

170.00

0.015

UOP before inotrope (CC/Kg/h)

.68

.21

.70

.30

1.00

.68

.24

.70

.10

1.00

0.968

UOP after inotrope (CC/Kg/h)

1.00

.41

1.00

.40

1.80

1.13

.38

1.10

.50

2.00

0.461

0.029

Comparison of all variables before addition of inotrope showed no statistically significant difference between the two
groups except for MAP, where MAP in the norepinephrine group was significantly lower (P < 0.05) than that in the
dopamine group.
CRT after addition of inotrope in the norepinephrine group was significantly decreased (P < 0.05) more than that in the
dopamine group. HR after addition of inotrope in the dopamine group was significantly higher (P < 0.05) than that in the
norepinephrine group.
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Out of 40 patients, 30 patients needed mechanical ventilation and 10 patients needed only nasal oxygen supply. In the
two groups; comparison was done between the number of patients who did not need mechanical ventilation, the number
of patients who needed mechanical ventilation and weaned after improvement of shock, and the number of patients who
needed mechanical ventilation and not weaned due to worsening of the condition.
Table 8. Comparison of ventilatory support between the two groups
dopamine
%

Count n=20

%

5

25.0%

5

25.0%

need for mechanical ventilation and weaned

2

10.0%

9

45.0%

need for mechanical ventilation and not weaned

13

65.0%

6

30.0%

not need for mechanical ventilation (nasal oxygen)
Mechanical ventilation

norepinephrine

Count n=20

P value

0.030

Weaning from mechanical ventilation in the norepinephrine group was significantly higher (P < 0.05) than that in the
dopamine group.
Table 9a. Comparison of laboratory values between the two groups
dopamine

norepinephrine

P value

Mean

SD

Median

Min

Max

Mean

SD

Median

Min

Max

TLC(X1000/microlt)

15.30

10.25

15.30

1.80

36.00

14.50

8.50

13.15

1.40

37.00

0.841

Hb (gm/dl)

9.78

1.84

9.70

6.00

13.60

10.31

2.89

10.60

3.80

16.50

0.461

platelets(X1000/microlt)

130.90

101.30

107.50

16.00

370.00

209.50

136.89

181.50

17.00

453.00

0.06

CRP (mg/ml)

78.34

63.59

72.00

.10

198.00

58.95

49.83

48.00

12.00

192.00

0.398

1.06

1.03

.60

.10

3.70

1.17

1.32

.65

.10

5.90

0.883

ALT (IU/L)

156.85

296.60

53.00

18.00

1238.00

253.35

352.48

60.00

28.00

1214.00

0.253

Glucose (mg/dl)

192.10

109.11

164.50

32.00

555.00

153.75

72.36

139.50

21.00

333.00

0.201

Creatinine (mg/dl)

Table 9b. Comparison of laboratory values between the two groups
dopamine

TLC
shift to left
Hb
platelets
CRP

cultures

ABG
Creatinine
ALT
Na
K

Glucose

norepinephrine

Count n=20

%

Count n=20

%

normal count for age

6

30.0%

9

45.0%

abnormal count for age either increased or decreased

14

70.0%

11

55.0%

no shift to left

1

5.0%

1

5.0%

presence of shift to left

19

95.0%

19

95.0%

normal

9

45.0%

12

60.0%

low ( anaemia) and need blood transfusion

11

55.0%

8

40.0%

normal count

5

25.0%

12

60.0%

low count < 150,000/microlt

15

75.0%

8

40.0%

normal value < 6mg /ml (negative)

2

10.0%

0

.0%

abnormal value >= 6mg /ml (positive)

18

90.0%

20

100.0%

not done

8

40.0%

6

35.0%

no growth or inhibited growth

5

25.0%

5

25%

positive growth

7

35.0%

9

45.0%

normal

1

5.0%

7

35.0%

metabolic acidosis

19

95.0%

13

65.0%

normal

6

30.0%

10

50.0%

more than normal value for age

14

70.0%

10

50.0%

normal

11

55.0%

5

25.0%

more than normal value for age

9

45.0%

15

75.0%

normal

14

70.0%

13

65.0%

abnormal either high or low

6

30.0%

7

35.0%

normal

13

65.0%

12

60.0%

abnormal either high or low

7

35.0%

8

40.0%

normal

2

10.0%

7

35.0%

hyperglycemia

11

55.5%

8

40%

hypoglycemia

7

35.0%

5

25%

P value
0.327
1
0.342
0.025
0.487

0.071

0.044
0.197
0.053
0.736
0.744

0.127

84

American Journal of Medical Sciences and Medicine

Platelets count in the dopamine group was significantly lower (P < 0.05) than that in the norepinephrine group. The
patients who recorded metabolic acidosis at the worst values in the 1st 24 hrs after diagnosis of septic shock were
significantly higher (P < 0.05) in the dopamine group as compared to the norepinephrine group. Otherwise, there was no
statistically significant difference in the other laboratory variables between the two groups (P > 0.05).
Also the serum total calcium was measured in all patients in the two groups where only 5 patients (3 in the dopamine
group and 2 in the norepinephrine group) had mild hypocalcemia (7.5 -9mg / dl) and was corrected properly. According
to the cultures with positive growth, the majority of cultures were blood cultures, the isolated organisms were
staphylococcus aureus (4 patients), streptococcus pneumonia (3 patients), klebsiella (3 patients), pseudomonas aeruginosa
(2 patients), enterococci (2 patients), acinobacter (1 patient), and E- coli (1 patient).
Table 10. Comparison of PRISM III score, length of stay (LOS) in ED in days and duration of the use of study drug in days between
the two groups
dopamine
PRISM-24

Mean

SD

16.45

7.14

Median

Minimum

Maximum

18.00

5.00

29.00

P value

norepinephrine
12.30

6.43

10.00

0.081
3.00

24.00

Median

Minimum

Maximum

6.50

1.00

24.00

1.00

17.00

dopamine
Length of Stay in ICU in days

Mean

SD

7.85

6.01

P value

norepinephrine

0.414

5.90

3.67

5.00

Mean

SD

Median

Minimum

Maximum

4.20

3.19

3.50

1.00

14.00

2.55

1.19

1.00

5.00

dopamine
Length of stay on inotrope in days
(days)

P value

norepinephrine
2.50

0.114

There was no statistically significant difference in PRISM III score in the 1st 24 hours, length of stay in emergency
department in days or duration of the use of inotrope between the two groups (P > 0.05).
Out of 40 studied patients, 23 patients died with mortality rate (57.5%).
Table 11. Comparison of final outcome between the two groups
dopamine

Final Outcome

norepinephrine

Count n=20

%

Count n=20

%

discharged

5

25.0%

12

60.0%

died

15

75.0%

8

40.0%

Mortality rate in the norepinephrine group was
significantly lower (P < 0.05) than that in the dopamine
group.

P value
0.025

rather than the age. Norepinephrine was predictor for
survival while dopamine was predictor for mortality.
Table 13. Logistic regression with outcome as dependent variable
and prism and drug as independent predicators

5. Predictors of Outcome

95% C.I

A multivariate logistic regression analysis was used for
identifying independent predicators of outcome in both
groups
Table 12. Logistic regression with outcome as dependent variable
and Age and drug as independent predicators
95% C.I

Outcome

P value

OR
Lower

Upper

Age (months)

.295

.987

.962

1.012

Drug

.046

4.079

1.024

16.248

Outcome

P value

OR
Lower

Upper

Drug

.142

4.790

.592

38.765

PRISM-24

.001

1.469

1.175

1.836

By entering drug and PRISM-24 in a multivariate
model we found that PRISM-24 acts as a predictor of
outcome (P <0.05) rather than the choice of the drug.
Table 14. Logistic regression with outcome as dependent variable
and MODS and drug as independent predicators
95% C.I
P value

OR

CI, Confidence interval.

By entering age and drug in a multivariate model we
found that drug acts as a predictor of outcome (P <0.05)

Outcome

Lower

Upper

Drug

.019

10.635

1.486

76.086

MODS

.003

4.987

1.704

14.591
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By entering drug and MODS in a multivariate model
we found that both drug and MODS act as predictors of
outcome (P <0.05).
Table 15. Logistic regression with outcome as dependent variable
and mechanical ventilation and drug as independent predicators
95% C.I
P value

Outcome

OR
Lower

Upper

Drug

.027

4.898

1.199

20.000

Mechanical
ventilation

.176

3.021

.609

14.980

By entering drug and MV in a multivariate model we
found that MV was not predictor for outcome (P <0.05).

6. Discussion
Dopamine and norepinephrine are probably the most
widely studied vasoactive drugs in the treatment of septic
shock. In adults with septic shock, there were many
studies comparing between dopamine and norepinephrine,
but in pediatric patients no such studies were done. The
majority of these studies, in adults, found superiority of
norepinephrine over dopamine. Recently two studies
comparing between dopamine and epinephrine in children
with septic shock were done [10,11].
Although the ACCM guidelines in 2002 and updated
2007 chose and classified the use of vasoactive drug upon
the type of shock whether cold or warm, we did not follow
this classification on the basis that septic shock is a
hemodynamic changing process that may move from one
type to another, so it requires frequent assessment and
therapeutic adjustments [12]. Luckily and recently, this
classification also has been demonstrated to be fraught
with errors. Indeed, as many as 66% of children judged by
experienced clinicians to be in “cold shock” were noted to
be vasodilated “warm shock” on invasive monitoring
by arterial catheter placement [13]. As septic shock
represents a dynamic process so that the agents selected
and their infusion dose may need to be changed over time
based on the need to maintain adequate organ perfusion. It
is also important to recognize that the vasoactive agents
are characterized by varying pharmacologic effects. These
effects are determined by the pharmacokinetics of the
agent and the pharmacodynamics of the patient’s response
to the agent. In critically ill septic children, perfusion of
the liver and kidney is often altered leading to changes in
the pharmacokinetics of these drugs. So, recently the 2014
ACCM guidelines recommended frequent reevaluation of
hemodynamic parameters when a patient requires the use
of vasopressors, especially in relation to cardiac output,
systemic venous return, and peripheral perfusion so as to
choose the appropriate combination with inotropic or
vasodilator drugs ± fluids [14].
The overall mortality in our study was 57.5%. This was
similar to Ramaswamy et al study where the mortality was
nearly 53.3%, in spite of adherence to the 2007 ACCM
guidelines [11]. Also, this study was close Sankar et al
study which observed a mortality of 42% in
fluid-refractory pediatric septic shock in spite of more
than 90% adherence to the 2007 ACCM guidelines [15].
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Our finding was compatible with Weiss et al study which
observed mortality from septic shock in children in
developed countries ranging from 10% to 50% and up to
80% in developing countries [16].
In our study, there was a significantly higher mortality
rate in the dopamine group compared with the
norepinephrine one (P < 0.05). As in the dopamine group,
15 patients died out of 20 patients, while in the
norepinephrine group 8 patients died out of 20 patients,
(75% vs.40%, p=0.025). This study was similar to
Ramaswamy et al study where the mortality rate in the
dopamine group was 58.1% [11]. Also, this study was
similar to Ventura et al study where they found a
significant increase in mortality in children who received
dopamine [10].
In adults with septic shock, there was strong evidence
that dopamine was associated with increased mortality.
Many studies [17,18,19,20,21] found that norepinephrine
is associated with a lower mortality rate than dopamine in
the management of septic shock.
All these studies were done on adult patients. We know
that kids aren’t little adults. For example, pediatric sepsis
and septic shock usually present as ‘cold shock’ whereas
adult septic shock usually presents as ‘warm shock’, in
addition to the main presentation of septic shock in adult
patients is myocardial dysfunction, while in children,
peripheral vasodilation is more occurred. In pediatric
patients with septic shock, dopamine use may be
associated with doubled mortality rate as compared with
norepinephrine [10]. Also, epidemiological surveys
showed that norepinephrine was the most favored
vasopressor in the treatment of septic shock followed by
dopamine [22].
In contrast to our study, the study made by De Backer
in adults where they found that mortality rate did not
differ significantly between the group of patients treated
with dopamine and the group treated with norepinephrine
[23]. Also, the Havel’s review failed to identify beneficial
effect of norepinephrine on mortality reduction over
dopamine in adult patients with septic shock [24].
The age of all 40 patients ranged from 1 month to 143
months (mean 22.675 months). This was in contrast to the
study of Ventura et al where the mean age was 48.25
months [10]. In our study, this lower age could be
explained by the study of Singhal et al where they found
that most cases of severe sepsis occurred in infant ages 31
days–1 year [25]. This was in consistence with Hartman et
al study who found a highest mortality rates in infants less
than 1 year-old [26]. Also, susceptibility to severe viral
infection was most prominent in children less than 2 y old
due in part to unchecked viral replication caused by lower
production of IFNγ and diminished cytotoxic lymphocyte
responses [27]. Another important factor in our study
could also explain this overall younger age, was the
presence of a specific room in the emergency department
in Cairo University Children Hospital containing more
beds specified for younger infants.
The median age of patients in the dopamine group was
8.5 months which was significantly (P = 0.017) lower than
the median age in the norepinephrine group (20 months).
This younger age in the dopamine group signified that
they were the more vulnerable group to sepsis and this
may explain the increased mortality rate in the dopamine
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group. Also infants < 1 year old may be less responsive to
dopamine, due to incompletely developed sympathetic
innervation via which dopamine initiates the release of
endogenic norepinephrine [28].
With regard to sex distribution, cause of admission,
cause of septic shock, MODS, temperature, and PRISM
III score, there were no statistically significant difference
between the two groups, and this was in consistence with
Ventura study [10].
According to sex distribution, a higher mortality among
male patients, suggested by studies in adult patients,
appeared less prominent in children [29] and this was in
consistence with our study.
In our study, septic shock was the major cause of
admission (55%). This was similar to study done by
Ventura et al where they found that septic shock was
the major cause of admission (69%) [10]. Similarly,
Jaramillo-Bustamante et al reported that in their study
nearly 50% of the children presented with septic shock on
PICU admission [30]. While other causes of admission
were neurological (25%), respiratory (17.5%), and renal
(2.5%), this was similar to a study done by Qureshi et al
where they found that causes of admission were; 28.7%
neurological diseases, 18.8% respiratory diseases [31].
Pneumonia was the major cause of septic shock in both
groups (77.5 %), and this was similar to the study of
Agrawal et al who found that pneumonia was one of the
major causes of sepsis in adult patients with septic shock
(17)
. Also, this was similar to a study done by Ventura et al
where they found that pneumonia was the major cause of
septic shock (64%) [10]. Rudan et al found that childhood
pneumonia had an estimated incidence of 0.29 episodes
per child-year in developing countries and 0.05 episodes
per child-year in developed countries, making it the most
common cause of pediatric sepsis and it was also the
leading cause of mortality in children less than 5 y of age
(19%) [32]. There was a slight reduction in child mortality
related to pneumonia in the last few years, however,
pneumonia is still the leading cause of child mortality
globally [33]. Although streptococcus pneumoniae is
still the leading cause of hospitalization for pneumonia
in childhood, conjugate 7-valent and 13-valent S.
pneumoniae vaccine use has decreased the incidence of
invasive bacterial infection by as much as 76% [34]. So, it
is important to add these vaccines to our Egyptian
vaccination schedule as early as possible to decrease the
incidence of pneumonia and hence the decrease in
incidence of septic shock. Although influenza virus is a
common cause of viral pneumonia in infants, influenza
vaccines are not approved for children less than 6 mo old
and are poorly immunogenic in children <2 y old
compared with older children and adults [35]. Also
viral–bacterial co-infection occurs in up to 23% of cases
of severe pneumonia, resulting in a higher likelihood of
respiratory failure and septic shock [36].
Septic shock was defined by Goldstein et al as sepsis
plus cardiovascular organ dysfunction. So, all included
patients had cardiovascular failure (100%). MODS in our
study included the cardiovascular failure as it was the
essential system failure (100%), then respiratory failure
(85%), renal failure (42%), neurological failure (40%),
hematologic failure (40%), and hepatic failure (32.5%).
We found that there was no significant difference between

the two groups with regard to the number of dysfunctional
organ systems. In our study patients who had 2 system
failure were 32.5%, 3 system failure were 20%, 4 system
failure were 30%, 5 system failure were 10%, and 6
system failure were 7.5%. The extent of systemic
involvement in septic shock is also very important, as
children who develop multiple organ system failure from
sepsis have the lowest likelihood of surviving [37]. Typpo
et al found that mortality rate varies directly with the
number of dysfunctional organ systems, where they found
that mortality from failure of two, three, and four or more
organ systems at PICU admission was 6.8%, 16.2%, and
43.5%, respectively [38].
PRISM III score in the 1st 24 hours was used for
predicting mortality and assessment of severity of illness
in both groups. In our study, there was no statistically
significant difference in PRISM III score in the 1st 24
hours between the two groups (P > 0.05), where PRISM
was (16.45 ± 7.14) in dopamine group while it was (12.30
± 6.43) in norepinephrine group. This was similar to
Ventura et al study where PRISM was (15.7 ± 10.4) in
dopamine group [10]. The non-significant difference in
PRISM scoring between the two groups could be
explained by the large similarity in the baseline
characteristics between the two groups, and also the
significant improvement in all hemodynamic and clinical
parameters after addition of inotrope for each group alone.
Before and after addition of inotrope, comparative
analysis of MAP, CRT, HR, UOP, and mental status for
each group alone was done and we found a significant
improvement in all parameters after addition of either
inotrope. This was similar to the study of Agrawal et al
who found significant improvement in post-treatment
hemodynamic and metabolic parameters in the two
studied groups for each group alone [17].
In our study, before addition of inotrope, comparative
analysis of MAP, CRT, HR, UOP, and mental status
between the two groups was done and we found that there
was no statistically significant difference between the two
groups except for MAP, where MAP before treatment in
the norepinephrine group (mean 32.38 ± SD 9.75) was
significantly lower (P = 0.029) than that in the dopamine
group (43.67 ± 3.56). This was in contrast to the study of
Agrawal et al who found no significant difference in MAP
between the two groups before addition of inotrope [17].
After addition of inotrope, the comparative analysis of
MAP, HR, CRT, UOP, and mental status between the two
groups was done and we found that there was no
statistically significant difference between the two groups
except for HR and CRT.
HR after addition of inotrope in the dopamine group
(mean 137.50 ± SD 21.93) was significantly higher
(P = 0.015) than that in the norepinephrine group (mean
122.85 ± SD 19.02). This was similar to Agrawal et al
study, who found a significant increase in HR in the
dopamine group than norepinephrine group after addition
of inotrope [17]. Herget-Rosenthal et al study found that
norepinephrine exerts a minimal increase of heart rate or
stroke volume [39]. On the other hand the significant
tachycardia in the dopamine group may explain to some
extent the increased mortality in this group as the 2014
ACCM guidelines considered threshold heart rates
associated with increased mortality in critically ill infants
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are a HR less than 90 or greater than 160 beats/min, and in
children are a HR less than 70 or greater than 150
beats/min [14].
The significant tachycardia in the dopamine group was
attributed to the β-adrenergic properties of dopamine
which predominate in patients with sepsis [39]. Also this
significant tachycardia together with vasoconstriction may
be harmful as it can lead to increased cardiac oxygen
demand and decreased oxygen delivery and may trigger
myocardial ischemia and arrhythmias. The major side
effects of dopamine are tachycardia and arrhythmogenesis.
Both of which are more prominent in dopamine than with
other vasopressor agents [40]. Although the use of
dopamine in adults with septic shock was associated with
occurrence of arrhythmias when compared with
norepinephrine [23], no patient in our study developed any
type of arrhythmia.
CRT after addition of inotrope in the norepinephrine
group was achieved <3 sec (mean 2.25 ± SD 1.21)
significantly (P = 0.028) more than that in the dopamine
group (mean 3.05 ± SD 1.28). Also this was attributed to
the more potent peripheral vasoconstrictive action of
norepinephrine as compared to dopamine. Norepinephrine
is considered the first-line vasopressor in vasodilatory
shock because of its marked vasoconstrictive characteristics,
increasing mean arterial pressure (MAP), effective
circulating blood volume, and venous return and preload
[39].
In our study, there was no statistically significant
difference in the MAP after addition of inotrope between
the two groups (P > 0.05). This was in contrast to the
studies of Mathur et al and Agrawal et al who found a
significant increase in the MAP in the norepinephrine
group after addition of inotrope as compared to dopamine
group [17,41]. Although norepinephrine has marked
vasoconstrictive effect more than dopamine, this
non-significant difference in MAP between the two
groups in our study after addition of inotrope could be
explained by the pre-existing significant lower MAP in
the norepinephrine group. So, norepinephrine still has the
superiority in increasing MAP better than dopamine.
In our study, there was no statistically significant
difference in UOP after addition of inotrope between the
two groups (P > 0.05). This was in contrast to the study of
Agrawal et al who found significant increase in UOP in
the norepinephrine group after addition of inotrope as
compared to dopamine group [17]. Contrary to what was
expected from its marked vasoconstrictive effects,
norepinephrine could improve parameters of visceral and
renal microperfusion when hypotension was reversed,
compared with dopamine [42]. Also maintenance of MAP
with norepinephrine has been shown to improve urine
output and creatinine clearance in hyperdynamic sepsis
[43]. Since low-dose dopamine is ineffective and
potentially harmful in the prevention and treatment of
acute kidney injury (AKI) [39], we used both inotropic
and vasoconstrictive dose of dopamine in our study.
In our study, patients who needed mechanical
ventilation were the same in both groups, 15 patients out
of 20 for each group (75%) with no significant difference
and this was nearly similar to a study done by Ventura et
al, where patients who needed for mechanical ventilation
were 62 patients out of 63 (98.4%) [10]. In our study, the
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patients who were weaned from mechanical ventilation in
the norepinephrine group (45%) after improvement of
shock was significantly more (P = 0.030) than that in the
dopamine group (10%). This was near from Teixeira et al
study where they did not find that the use of noradrenaline
at the time of weaning was associated with extubation
failure [44]. Also Ranjit et al study found that early
norepinephrine with fluid restriction may be of benefit in
resolving pediatric vasodilatory septic shock with less
need for further fluid and ventilatory support [45].
With regard to laboratory variables, there was no
statistically significant difference between the two groups
except for; 1) Platelets count in the dopamine group (75%)
was significantly lower (P = 0.025) than that in
the norepinephrine group (40%). This significant
thrombocytopenia in the dopamine group could explain
the increased mortality in this group and this was in
consistence to Thiery-Antier et al study where they found
that thrombocytopenia within the first 24 hours of septic
shock is associated with an increased risk of death and this
could be explained by increased serious thrombotic
complications and platelet consumption reflected by
thrombocytopenia or an increased bleeding frequency and
severity [46]. 2) Also, the patients who recorded metabolic
acidosis at the worst values in the 1st 24 hrs after diagnosis
of septic shock were significantly higher (P = 0.044) in the
dopamine group (95%) as compared to the norepinephrine
group (65%). This finding could be explained by the
significant lower age in the dopamine group, as newborns
and infants are more vulnerable than older children and
adults to develop acidosis because, the maximum net acid
excretion by the distal nephron is limited in infants [47].
Also, the acid load is higher in preterm infants and
growing children as the endogenous acid production per
kilogram in preterm infants and growing children is 50 to
100 percent higher than that of adults [48]. As dopamine
group was associated significantly with both increased
mortality and metabolic acidosis, this was in consistence
with Maciel et al study where they found that the severity
of metabolic acidosis is associated with poor clinical
outcomes [49].
In general, the patients who recorded metabolic acidosis
in both groups were 80% and this was nearly similar to the
study of Maitland et al where the patients who recorded
metabolic acidosis were 51% [50].
Length of stay (LOS) in PICU reflects degree of
severity and health status, also the quality and
performance of PICU [51]. In our study, there was no
significant difference in length of stay in emergency
department in days between the two groups (P > 0.05),
where LOS in the dopamine group was 6.5 days (median),
and in the norepinephrine group was 5 days (median).
This was similar to Ramaswamy et al study where LOS in
the dopamine group was 7 days (median) [11]. This could
be explained by the non-significant difference in MODS,
PRISM-24hrs, and most of the baseline characteristics
between the two groups.
With regard to the duration of the use of inotrope, there
was no significant difference between the two groups
(P > 0.05). This could be explained by the significance
improvement in all parameters (MAP, CRT, HR, UOP,
and mental status) in each group alone after addition of
inotrope.
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Although septic shock is one of the most important
causes of mortality in patients admitted to EDs, there is
lack in studies regarding predictive factors for mortality
and morbidity, especially in developing countries [52]. So,
in our study, a multivariate logistic regression analysis
was used for identifying independent predicators of
outcome in both groups.
Stepwise logistic regression analysis was done by using
outcome as a dependent variable and (PRISM-24 and drug,
MODS and drug) as independent predicators revealed that
PRISM-24 (p=0.001), drug (p=0.019), and MODS
(p=0.003) could independently predict the mortality in
septic shock patients. This was inconsistence with El
Hamshary et al study where they found that PRISM-24
and MODS were accurate predictors of mortality [53].
The explanation was that PRISM-24 and MODS were
associated with the severity of illness. This was in contrast
to Kaur et al study where PRISM-24, drug, and MODS
failed to independently predict the overall mortality in
septic children [54].
Stepwise logistic regression analysis was done by using
outcome as a dependent variable and (age and drug, MV
and drug) as independent predicators revealed that age and
MV failed to predict the mortality in septic shock patients
(p= 0.295), (p= 0.176), respectively. This was similar
to Kaur et al study where age and MV failed to
independently predict the overall mortality in septic
children [54]. This was in contrast to El Hamshary et al
study where they found that mechanical ventilation (MV)
was an independent risk factor for death [53].
The limitations of our study were; 1) It was an
observational study, as selection of the patients was done
by the treating physicians according to their experience.
2) Single-center study where it was conducted on patients
with septic shock who were admitted to the emergency
department unit in Cairo University Children Hospital, so
the results from single-center studies are infrequently
reproduced and may not be suitable to all ICU patients.
3) A small sample size which hindered doing some
statistical methods where the multivariable analyses could
not take all possible confounding factors into account.
4) The initial assessment of the patient and decision to
start, stop, or increase the dose of the study drug were
based only on clinical variables, which are highly
sensitive but lack specificity. 5) As central venous catheter
was not routinely inserted into the patients, we were
unable to measure CVP, SvO2, and the effect of test drugs
on cardiac index and systemic vascular resistance using
cardiac output monitors. Also, lactate was not routinely
measured to be used as a laboratory monitor and predictor
for septic shock outcome [55].








8. Recommendations












Septic shock is a major childhood disease and it
represents a common cause of mortality and
morbidity in children all over the world.
The mortality due to septic shock can be as high as
50% and may reach up to 80% in developing
countries.
Pneumonia is the major cause of septic shock.

Further evaluation by prospective, randomized, and
controlled studies using larger sample size in multicenters will be of benefit and more accurate.
Early recognition and management of patients
presented with septic shock through adherence to
the most recent guidelines especially ACCM
guidelines can reduce morbidity and mortality.
Introduction of central venous catheter as a routine
in patients with septic shock and provide bedside
echocardiography with well-trained persons to
calculate accurately cardiac output and to detect any
change in hemodynamics.
Further isolated prospective, randomized, and
controlled studies are needed for assessment of the
predictors of mortality among patients with septic
shock.
Future studies are needed to compare between the
effects of single vasoactive agent alone versus
combination of more than one agent guided by strict
hemodynamic monitoring.
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