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ABSTRACT 
Introduction: Sepsis is a life-threatening organ dysfunction caused by 
dysregulation of the host response to infection. Sepsis and septic shock 
are major health problems, affecting millions of people worldwide each 
year and killing one in six people affected. Early identification and 
appropriate management in the early hours after the development of 
sepsis improves the patient's prognosis. Surviving Sepsis Campaign 
(SSC) 2021 recommends a fluid dose of 30mL/kgBW, but there are 
many studies stating that there is no difference in patient outcomes when 
we resuscitate patients with 10 or 20 mL/kgBW fluids. Norepinephrine 
is considered as the safest and most potent vasopressor agents than 
others. 
Methods: This study used a double-blind randomized clinical trial (RCT) 
design to assess MAP in sepsis patients in intensive care unit (ICU) of 
Haji Adam Malik General Hospital ,Medan. 
Results: There were more male (56.5%), than female (43.5%). In our 
study, administration of 10mL/kg and 20mL/kg fluid bolus with 
vasopressor resulted in increased MAP, and the differences were 
statistically significant (p < 0.05). Administration of 10 mL/kg fluid gave 
higher MAP values than the other groups, could be a consideration in 
choosing fluid in order to avoid fluid overload. 
Conclusion: There is a significant comparison in the ratio of 
norepinephrine pre-loading fluid toward MAP in sepsis patients. 
Comparison of the mean MAP value at 15, 20, 25 minutes was the 
highest in the 10 mL/KgBW group. Meanwhile, the lowest MAP was 
found in  30mL/KgBW the group. 
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INTRODUCTION 

Infection is a disease caused by pathogenic microbes that can cause tissue damage and interfere with 
organ’s function. If it is not treated quickly and appropriately, it can spread into the bloodstream and cause 
complications, namely sepsis [1]. Sepsis is one of the most important medical problems, as the course of sepsis 
can lead to septic shock and could increase the risk of death significantly [2]. 

The incidences of sepsis and severe sepsis have increased over the last decade from approximately 
600,000 to more than 1,000,000 hospitalizations per year from 2000 to 2008. Mortality of patients with sepsis 
have decreased due to advances in sepsis management provided by the Surviving Sepsis Campaign (SSC). The 
United States nationwide inpatient sample (NIS) from 2009 to 2012 showed the decrease of mortality rate from 
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16.5% to 13.8%. However, severe sepsis continues to be the most common cause of death in hospitalized 
patients [3]. 

Indonesia is a country with a high sepsis mortality rate around 44.5% in 2009 from all cases of sepsis 
and severe sepsis including 10.9% from intensive care patients. The data in the Cipto Mangunkusumo General 
Hospital show the number of patients treated with sepsis is 10.3% of the total patients treated in the internal 
medicine room. Sepsis was the leading cause of death for 3 years, from 2009 to 2011. This figure increased 
from 49% in 2009 to 55% in 2011 [4]. 

Sepsis is a medical emergency, so fluid should be given as soon as possible after a patient is suspected 
of having sepsis with/or without hypotension and increase in lactate levels. The most common 
recommendation for intravenous fluid administration is at least 30ml/kg of crystalloid fluids [5]. Patients in 
modern early goal-directed therapy (EGDT) and usual care trials received an average of 27 mL/kg fluid before 
randomization, slightly less than the recommendation by current SSC guideline [6]. 

Brown and Semler recommended a slightly more conservative initial bolus of 20 mL/kg intravenous 
fluid for patients with septic shock, given the potential danger of fluid resuscitation-induced volume overload. 
Careful monitoring of the patient's respiratory function and hemodynamics is necessary because one-third to 
one-half of patients will develop persistent hypotension after initial fluid bolus administration, which requires 
clinicians to weigh the risks and benefits of further fluid administration or the initiation of vasopressors [7]. 
Jozwiak et al recently proposed initiating fluid administration with an infusion of 10 mL/kg in the first 30 to 
60 minutes while monitoring the patient closely [8]. 

If shock persists after 15-30 minutes of fluid resuscitation, no additional fluid are given. If fluid boluses 
fail to maintain adequate organ perfusion and arterial pressure, vasopressor agents should be administered 
immediately to maintain the mean arterial pressure (MAP) ≥ 65 mmHg [7]. For adults with septic shock, the 
2021 SSC guidelines recommend the use of norepinephrine as a first-line agent over other vasopressors [9]. 

Norepinephrine is a potent α-1 and β-1 adrenergic receptor agonist, which causes vasoconstriction and 
increases MAP with minimal effect on heart rate. Norepinephrine is more potent than dopamine as a 
vasoconstrictor [9]. Studies comparing the impact of 40 mL/kg fluid over 15 minutes followed by dopamine 
and further titration of therapy versus 20 mL/kg over 20 minutes to a maximum of 60 mL/kg for 1 hour 
followed by dopamine (control protocol) on septic shock do not show any differences in overall mortality, 
speed of shock resolution, or incidence of complications between groups [10]. This study was conducted to 
determine the comparison of MAP after pre-loading fluid of 10, 20, and 30 mL/kgBW with norepinephrine in 
sepsis patients in the intensive care unit (ICU) of Haji Adam Malik General Hospital. 

 
METHOD 

This study used a double blind randomized clinical trial (RCT) design, meaning that both research 
subjects and researchers did not know about the treatment or intervention given. The study was conducted in 
the ICU of Haji Adam Malik General Hospital Medan after passing the ethical clearance and until the number 
of samples was met. This research started from the middle of January 1 until February 28, 2022. The study 
population was patients diagnosed with sepsis in the ICU General Hospital Haji Adam Malik Medan with 
SOFA score >2. The research samples were the research population that met the inclusion and exclusion 
criteria. Samples were collected using consecutive sampling method, which is looking for patients who met 
the inclusion and exclusion criteria until the required number of samples was met. The inclusion criteria for 
our study were patients aging 21-64 years with a sepsis diagnosis, had SOFA score >2 in the ICU, and willing 
to participate in the study by signing a consent letter. While the exclusion criteria were patients who were 
uncooperative or refused to participate in the study, patients with a history of hypersensitivity to 
norepinephrine, and women who were pregnant. 

The minimum total research subjects of this study was 60 subjects who met the inclusion and exclusion 
criteria. After obtaining approval from the Ethics Committee of the Faculty of Medicine, University of North 
Sumatra, research samples were taken in the ICU of Haji Adam Malik General Hospital Medan. The research 
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subjects were then randomized into 3 groups, the 10cc/kgBW group, 20cc/kgBW group, and 30cc/kgBW 
group. Next, samples were collected until the number of samples is sufficient, adjusting to the inclusion and 
exclusion criteria, and taken using the consecutive sampling method. The MAP results were recorded 15, 20 
and 25 minutes after fluid resuscitation.  

Patients underwent treatment during the study in the ICU. Research subjects were assessed according 
to secondary data at the time of initial treatment in the ICU. Patients’ identities were recorded and MAPs were 
assessed using MAP score table after fluid and 0.05 µg/kg/min norepinephrine administration were done in 
each group. Research subjects were assessed with a score of 1, 2, to 3 in all three domains. All scores from 
each domain were then summed. All data collected were tabulated and analyzed with unpaired T test for 
parametric data and Mann-Whitney test using SPSS version 26. Characteristics of research subjects consisting 
of identity, MAP score, blood pressure, pulse, and assessment were statistically analyzed and presented in a 
frequency distribution table. The results of the bivariate analysis to see differences in MAP will be carried out 
using an unpaired T test with SPSS version 26. 
 
RESULTS 

A total of 62 samples who met the inclusion and exclusion criteria were included in the study. 
Characteristics of the subjects in this study can be distinguished by age and gender. 
The results can be seen in Table 1. In group 1, the largest sample age was in the 61-64 year age group with a 
total of 6 samples (30%), and the least was in the 21-25 year age group with a total of 0 sample (0 %); in group 
2 the most sample in age category was also in the 61-64 years group with a total of 8 samples (38%) and the 
least were in the 21-25 years, 26-35 years and 56-60 years group with a total of 2 samples (9.5%) each; while 
in group 3 the most samples in age categories was in the group 46-55 years with a total of 7 samples (33.3%) 
and the least were in the group 21-25 years, 26-35 years and 56-60 years with a total of 2 samples (9,5%) each. 
In this study, there were more male (56.5%) than female (43.5%). 
 
Table 1. Patients characteristics 

Characteristics Sample Group Total 
Group 1 10cc/kgBW Group 2 20cc/kgBW Group 3 30cc/kgBW   

Age n % n % n % n % 
21-25 years 0 0 2 9,5 2 9,5 4 6,5 
26-35 years 2 10 2 9,5 2 9,5 6 9,7 
36-45 years 4 20 3 14,4 3 14,4 10 16,1 
46-55 years 7 35 4 19,1 7 33,3 18 29 
56-60 years 1 5 2 9,5 2 9,5 5 8,1 
61-64 years 6 30 8 38 5 23,8 19 30,6 

Total 20 100 21 100 21 100 62 100 
Gender         
Male 11 55 10 47,6 14 66,7 35 56,5 

Female 9 45 11 52,4 7 33,3 27 43,5 
Total 20 100 21 100 21 100 62 100 

 
  
Based on the Kolmogorov-Smirnov normality test (Table 2), it is shown that HR variables were normally 
distributed and other variables were not normally distributed. The data were declared normally distributed if 
the p-value of the normality test was > 0.05 and was declared not normally distributed if the p-value of the 
normality test was <0.05. Data which were normally distributed were interpreted with mean and standard 
deviation while those not normally distributed were interpreted with median, minimum, and maximum. 
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Table 2. Results of descriptive analysis and data normality 
Data type Mean +SD Median Min Max P value 
Age, years 51,77 14,35 54 21 64 0,031 
Height, cm 161,84 7,16 162 130 172 0,006 

Sistole, mmHg 114,07 25,98 109 80 180 0,000 
Diastole, mmHg 66,75 18,94 67 37 115 0,001 

HR, bpm 103,03 21,6 106 22 149 0,200 
RR, rpm 23,34 10,37 22 14 88 0,000 

Temperature, OC 37,36 0,8 37,2 36,6 38,8 0,000 
MAP Group 1, mmHg 98,38 16,16 98,22 64 135,67 0,967 
MAP Group 2, mmHg 71,97 13,78 64,67 58 100 0,001 
MAP Group 3, mmHg 76,39 17,10 67,34 60,67 115,67 0,002 

 
Analysis of the Difference Test Between Each Sample Group 
Based on Table 3, there was a significant difference between group 1 and group 2 at each MAP examination 
(p<0.001). It is also known that there was a significant difference between group 1 and group 3 at each MAP 
examination (p<0.001). Lastly, there was no significant difference between group 2 and group 3 (p>0.05). 
 
Table 3. Results of analysis between each treatment group 

Data Type Route p-value 

Group 1 – Group 2 
MAP 15 0,000 
MAP 20 0,000 
MAP 25 0,000 

Group 1 – Group 3 
MAP 15 0,000 
MAP 20 0,000 
MAP 25 0,000 

Group 2 – Group 3 
MAP 15 0,561 
MAP 20 0,800 
MAP 25 0,850 

 
 

Based on Table 4, there was a significant difference between all groups in each measurement 
(p<0.001). 

 
Table 4. Results of overall data difference test based on time 

Data Type Mean + SD P-value 
MAP15 76,36 18,28 0,000 
MAP20 78,85 18,78 0,000 
MAP25 81,23 18,85 0,000 

 
DISCUSSION 

In our study, most patients aged more than 60 years with a median age of 54 (21 – 64) years. In general, 
the incidence of sepsis increases with age. This is because older age is associated with worsening of the 
immune system and organ functions, as well as many comorbid conditions [11]. The elderly also require higher 
blood pressure to maintain adequate perfusion due to increased arterial wall stiffness [12]. In addition, because 
of the blunted heart rate response, cardiac output is primarily dependent on the filling pressure of the heart by 
adequate preload [13]. In one study, it was shown that elderly patients in the emergency department with 
suspected infection, at systolic blood pressure <140 mmHg were associated with higher mortality. Thus, older 
patients may receive insufficient fluid volume to achieve adequate perfusion, which may affect patient 
outcome [14]. 

There were more male (56.5%) than female subjects (43.5%) in this study. Females have been reported 
to experience sepsis less frequently and have a lower risk of mortality from sepsis than males. A previous 
study by Nasir et al suggested that the higher mortality in men may be related to differences in the rate of 
respiratory tract infection and plasma IL-6 levels between the two genders [15]. 
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Our subjects had a median height of 162 (130 – 172) cm. This condition is similar to a previous study 
by Garcı´a et al (2015) which investigated the effect of fluid administration on arterial load in critically ill 
patients with septic shock. Systolic and diastolic blood pressure in our study subjects before fluid resuscitation 
had a median of 109 mmHg (80 – 180 mmHg) and 67 mmHg (37 – 115 mmHg) respectively. Our subjects' 
heart rate had a mean of 103.03 ± 21.6 times per minute and respiratory rate median of 22 (14 – 88) breaths 
per minute. In our study, patients were not grouped based on comorbid cardiovascular and respiratory organs 
or the source of infection causing sepsis. Patients with sepsis, especially those in the ICU who fall into a state 
of shock, have comorbid conditions such as coronary heart disease, congestive heart failure, hypertension, and 
chronic lung disease [16]. 

A previous study conducted by Garcı´a et al (2015) on 81 critically ill patients with septic shock in the 
ICU, which investigated the effect of fluid administration on arterial load and its components (mean arterial 
pressure, systemic vascular resistance, cardiac output, stroke volume, and arterial pulse pressure), classified 
the recording of hemodynamic changes into preload responders and non-responders and pressure responders 
and non-responders. The preload responder group were those who experienced an increase of >10% in cardiac 
output after fluid administration. Meanwhile, the pressure responder group were those who experienced an 
increase >10% in MAP. The speed of fluid administration given is 500 cc of normal saline in 30 minutes. In 
their study, the median systolic and diastolic blood pressures in the preload responder group were 106 (98 – 
124) mmHg and 54 (46 – 64) mmHg. These conditions are more or less in line with the conditions in our study 
[17]. 

MAP values in our study were measured 15, 20, and 25 minutes after crystalloid resuscitation and 0.05 
µg/kg/min norepinephrine administration. MAP results in 15, 20, and 25 minutes after fluid administration had 
a median of 64.3 (55 – 116); 67 (57 – 116); and 73 (60 – 117) respectively. In general, there was an increase 
in MAP at 15, 20 and 25 minutes after fluid resuscitation regardless of the amount of fluid given. In previous 
studies, there was a 6% (2 – 14%) increase in MAP of all subjects and a 9% (1 – 18%) increase in MAP of the 
preload responders group (who experienced an increase in cardiac output >10%) after administration of fluid 
expansion. In that study, a 10% increase in MAP (pressure responder) occurred in 36% of subjects, and in the 
preload responder group only 44% of patients were pressure responders [17]. 

Administration of fluid expansion was associated with a significant reduction in arterial load (including 
systemic vascular resistance (SVR) and effective arterial elasticity) especially in the preload responder group 
without changes in MAP. This indicates that fluid administration, although it will increase cardiac output, will 
still reduce arterial load. This condition explains why in some septic patients, despite an increase in cardiac 
output after fluid administration, there is still no increase in blood pressure. Thus, fluid administration alone 
is not sufficient to correct hypotension and administration of a vasopressor, such as epinephrine, is reasonable 
because it may increase SVR. Therefore, administration of fluids without vasopressors during the state of 
severe hypotension, accompanied by a significant vasodilator component, is futile and does not improve the 
patient's condition [17,18]. 

This difference may be due to the administration of a vasopressor such as norepinephrine 0.05 µg/kg/min 
to all of our study subjects, which led to an increase in SVR and in turn could increase MAP. In a previous 
study by Garcı´a et al (2015), vasopressor administration was not performed in all subjects because they 
wanted to see the effect of administering fluid expansion on arterial load [17,18]. Previous experimental studies 
have suggested that the hemodynamic profile of distributive shock, such as low SVR and high cardiac output 
(CO) which were frequently seen in septic shock patients, can be induced by fluid administration, resulting in 
a transformation from a hypodynamic to a hyperdynamic state [19,20]. Responsiveness to fluid is defined as 
the ability of the heart to significantly increase CO in response to volume expansion. Patients can respond with 
or without elevated blood pressure. It is not known whether the clinical outcome of fluid administration is 
better with an increase in arterial blood pressure and volume or with an increase in volume only. Fluid 
administration alone if aimed at improving both blood flow and blood pressure should be reconsidered because 
in previous study there was a relatively small increase in MAP in the preload responder group (from 74 to 78 
mmHg). Thus, aggressive fluid resuscitation to improve organ perfusion should be considered with caution 
[17].  

In our study, fluid administration of of 10mL/kg and 20mL/kg plus a vasopressor gave the effect of 
increased MAP, and the difference was statistically significant (p<0.05). In the 10mL/kg fluid administration 
group, in the first 15, 20, and 25 minutes, the MAPs were 94.38; 97.74; and 100.33 mmHg, while in the 
20mL/kg group the MAPs were 69.9; 71.7; and 73.22 mmHg respectively. This condition shows that the 
administration of 10mL/kg fluid provides a higher increase in MAP. As discussed earlier, in previous studies, 
it was suggested that volume expansion can decrease arterial load, so that although cardiac output and overall 
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blood volume increase and there may be an increase in oxygen perfusion, it is not accompanied by an increase 
in arterial blood pressure. Volume expansion can trigger a variety of complex processes that affect the arterial, 
venous and cardiac function systems [21]. Possible mechanisms involved include the blunting of baroreflex-
mediated vasoconstriction mechanism in response to hypovolemia, resulting from the administration of 
intravascular fluid on the responder's preload. Meaning that despite the increased of blood flow, arterial 
pressure remains minimal due to vasoplegic conditions (such as sepsis) which could reset the cardiovascular 
system to maintain lower blood pressure than in non-shock conditions. Thus, if flow increases with fluid 
administration, a decrease in arterial load occurs as a compensatory mechanism to maintain arterial pressure 
at the same level. In previous studies, a decrease in heart rate after fluid administration also occurred in 
response to a baroreceptor mechanism that decreased sympathetic activity. Aggressive fluid administration in 
vasoplegic conditions can also decrease tissue perfusion pressure due to increased central venous pressure 
(CVP) exceeding MAP [17]. 

In our study, fluid bolus administration of 30 mL/kg showed significantly different changes in MAP 
with the 10mL/kg group. The MAP values at 15, 20, and 25 minutes after administration of 30 mL/kg fluid 
were 65.37; 67.74; and 70.74 mmHg. The group given 30 mL/kg fluid showed an increase in MAP but this 
value was lower than the 10 mL/kg group and was not significantly different from the 20 mL/kg group. 
Although fluid supplementation is the first line of management for many cases of circulatory failure, excessive 
administration in a low resource setting can increase the incidence of respiratory failure, leading to death [7]. 
In non-responder preload it will actually decrease oxygen distribution due to low hemoglobin associated with 
hemodilution [18]. Therefore, special care should be taken when administering fluids. It is also necessary to 
carefully consider the risks and benefits of fluid administration. It should be remembered that the goal of giving 
fluids at the start of resuscitation is to increase stroke volume and cardiac output. So it is important to evaluate 
the response. 

From our study there were significant differences between the overall treatment and MAP values at 15, 
20, and 25 minutes after treatment. A previous study aiming to evaluate the response to fluid challenge in 
septic patients admitted to the ICU, it was found that 53% had an increase in stroke volume at 10 minutes after 
fluid administration and 51% continued to have an increase in stroke volume up to 30 minutes after fluid 
administration, and 41, 3% had a transient response, in which there was no longer an increase in stroke volume 
at 30 minutes after fluid administration. This indicates that the responsiveness to fluids can be time dependent. 
Therefore, it is necessary to evaluate the response to fluids at the end of the fluid bolus and 30 minutes post 
administration to identify the efficacy of fluid infusion in organ dysfunction [22]. Significantly different MAP 
values after administration of 10 mL/kg, 20 mL/kg, or 30 mL/kg fluids, where administration of 10 mL/kg 
fluids gave higher MAP values than other groups, could be a consideration for fluid selection in order to 
prevent fluid overload. A previous study by Marik et al ,which examine optimal fluid resuscitation strategies 
in patients with severe sepsis and septic shock admitted to the ICU in the United States, found that the mean 
amount of fluid administered was lower than recommended by the 2016 SSC guidelines [5]. Fluid 
administration of more than 5 L on the first day of ICU admission is associated with a significantly increased 
risk of death and resulted in higher hospitalization costs [23]. In another study examining the consequences of 
fluid restriction in patients with septic shock, it was found that restriction of fluid resuscitation did not result 
in a decrease in circulating efficacy during the first 24 hours compared with the standard protocol [24]. 

In addition, although we found that there were significant differences between the 15, 20, and 25 min 
MAP values with  the administration of 10, 20, and 30 mL/kg fluids, it should be remembered that vasopressor 
administration is important because it can increase MAP more than fluids alone. The combination of the two 
will have a good effect on increasing cardiac output and improving hypotension. The combination of the two 
can prevent fluid overload when accompanied by administration of appropriate amounts of fluids and close 
monitoring. Administration of 10 mL/kg fluid bolus combined with norepinephrine gave a good effect of 
increasing MAP and was significantly different from the other groups. Administration of these moderate 
amounts of fluids when combined with vasopressors also results in less hemodilution. Thereby increasing 
oxygen perfusion to tissues and improving patient outcome [18]. 
 
CONCLUSION 

There is a significant comparison in the ratio of norepinephrine pre-loading fluid toward MAP in sepsis 
patients. Comparison of the mean MAP value at 15, 20, 25 minutes was the highest in the 10 mL/KgBW group. 
Meanwhile, the lowest MAP was found in  30mL/KgBW the group. 
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