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Crit Care Shock (2020) 23:85-94

Vasopressor dependency index: a quick prognostic parameter of sep-
tic shock patient in emergency and intensive care unit in remote area

Imamuddin Arif Wicaksono, Arie Utariani, Kuntaman

Abstract

Objective: The aim of the this study was to find
out the outcome differences in septic shock pa-
tients based on the vasopressor dependency in-
dex (VDI) value at Dr. Soetomo General Hospi-
tal Surabaya.

Design: This was an analytical observational
research.

Setting: Resuscitation Room of Dr. Soetomo
General Hospital Surabaya from March to May
2019. This study was approved by the Research
Ethics Committee of Dr. Soetomo General Hos-
pital Surabaya.

Patients and participants: The inclusion criteria
was septic shock patient who met sepsis-3 crite-
ria. There were 44 samples in the inclusion cri-
teria.

Interventions: Samples were taken by consecu-
tive sampling. VDI was measured starting from
10 minutes, 1 hour, 6 hours, 12 hours, 24 hours,
and 48 hours after the treatment of vasopressor
drug.

Measurements and results: The most common
causes of sepsis was pneumonia (47.7%). Septic
shock patients were given norepinephrine
(80.0%) as the first line vasopressor drug.
There were patient outcome differences within 7
days of treatment based on the VDI value. The
VDI value at the 24th hour and the 48th hour
were the most influential variable to the patient
outcome (p=0.034). The VDI value threshold of
the 24th hour was 0.176/mmHg (81.8% sensitiv-
ity; 85.2% specificity; 95% CI 0.818-1.000;
p=0.000) and of the 48th hour was 0.150/mmHg
(88.9% sensitivity; 92.6% specificity; 95% CI
0.859-1.000; p=0.000).

Conclusion: There were significant differences
in septic shock patient's outcome in the first 7
days of treatment based on VDI value. The VDI
value at the 24th hour and the 48th hour were
the most influential variables to the patient out-
come (p=0.034). The threshold of VDI at the
24th hour was 0.176/mmHg. The threshold val-
ue of VDI at 48th hour was 0.150/mmHg.

Key words: Sepsis, septic shock, vasopressor dependency index, outcome.

Introduction

Shock is an acute life-threatening circulation fail-
ure related to inadequate use of oxygen by cells as
a result of a circulatory disorder in delivering suf-
ficient oxygen quantity in order to meet tissue ox-
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ygen demand, leading to cellular dysfunction.
Shock can cause an increase in lactate level, dis-
ruption of the microcirculation, and cellular death.
(1) Shock can occur due to decreased venous re-
turn as a result of hypovolemia, cardiac pump fail-
ure due to ischemia, infarction and conduction dis-
order, obstruction due to pulmonary embolism,
tension pneumothorax, and cardiac tamponade,
loss of blood vessel tone due to sepsis, and anaphy-
laxis or spinal cord injury. (2) Shock can be identi-
fied based on clinical symptoms, hemodynamics,
and biochemical changes. Shock identification is
not only based on blood pressure changes. Blood
pressure changes may come late due to the com-
pensatory mechanism of baroreflex, which acti-
vates the sympathetic nervous system. (3)

Based on the etiology, the most common cause of
shock is septic shock (62.2%), cardiogenic shock
(16.7%), and hypovolemic shock (15.7%). (4) The
occurrence of shock has increased yearly; the in-
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crease rate has reached 2.7% per year. The average
death rate due to shock in 7 days and 90 days were
23.1% and 40.7%. (5)

Sepsis is a clinical syndrome characterized by life-
threatening organ dysfunction caused by dysregu-
lated body responses towards infection. (6) Septic
shock is a result of the poor progression of sepsis
condition with the death rate reaching 60.4% with-
in 28 days and 65.1% within 90 days. (7) Mortality
in septic shock patients is related to compliance in
implementing the sepsis bundle. The implementa-
tion of the 3-hour sepsis bundles significantly re-
duces mortality compared to those who do not. (8)
In the Resuscitation Room Dr. Soetomo Hospital,
the implementation of sepsis bundle in the first
three and six hours reached 46.88% with mortality
rate <48 hours reached 31.25%. (9)

Shock, endothelial injury, and inflammatory medi-
ators in sepsis have an impact on increasing the
production of nitric oxide (NO) as well as decreas-
ing the vascular response to catecholamines. Such
conditions can cause vasoplegia and refractory
shock. (10,11) Until recently, there is no any con-
sensus regarding the definition of refractory shock.
The proposed refractory shock definition includes
failure to reach the mean arterial pressure (MAP)
even though vasopressor therapy has been given,
the need for vasopressor treatment or a condition
requiring high-dose vasopressor. (12) Vasopressor
can be measured using the vasopressor dependency
index (VDI), an assessment of hemodynamic re-
sponse disorder based on the relationship between
the vasopressor doses and mean arterial pressure
(MAP). The higher the VDI, the higher of the vas-
opressor doses. (13) In abdominal septic patients,
the vasopressor dependency index is higher in the
non-survivor group compared to the survivor group
(p=0.046). The optimal threshold for VDI to pre-
dict the prognosis of 28-day survival is
0.499/mmHg (sensitivity  78.3%, specificity
83.3%). This result supports VDI as a prognostic
factor in septic patients. (14) Low-dose cortico-
steroids are recommended in septic shock patients
who depend on vasopressor, but this fact remains
controversial. (15)

Materials and methods

This study was an observational analysis research
using a prospective cohort design, which was con-
ducted in the Resuscitation Room of Dr. Soetomo
General Hospital from March to May 2019. This
study has been approved by the Ethics Committee
of Dr. Soetomo General Hospital. The sample was
septic shock patients who met the criteria of sepsis-
3 in the Resuscitation Room of Dr. Soetomo Gen-
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eral Hospital. The sample size was calculated using
consecutive sampling method. The exclusion crite-
ria were patients aged <17 years, pregnant women,
patients with malignancies, immunocompromised
or HIV patients, hypothalamus pituitary and adren-
al (HPA) insufficiency, long-term corticosteroid
drug user, and who refused to be included.

The sepsis diagnosis was made by a doctor in
charge of the Resuscitation Room in Dr. Soetomo
General Hospital Surabaya. Patients who were di-
agnosed with sepsis were measured in terms of
their MAP prior to receiving vasopressor treat-
ment. MAP measurement used non invasive blood
pressure (NIBP) on the left arm. The dosage of
vasopressor and MAP were recorded at 10
minutes, 1 hour, 6 hours, 12 hours, 24 hours, and
48 hours after vasopressor administration. Vaso-
pressor inotropic score (VIS) was calculated using
the formula: (dose of dopamine x 1) + (dose of
dobutamine x 1) + (dose of epinephrine x 100) +
(dose of norepinephrine x 100) + (dose of phe-
nylephrine x 100). The dosage was in
png/kgBW/min.

For patients who died before 48 hours, their last
vasopressor dosage and MAP were recorded. The
vasopressor dependency index was measured at 10
minutes, 1 hour, 6 hours, 12 hours, 24 hours, and
48 hours using the formula:

VDI=Vasopressor score/MAP

The 7 days outcome of all patients were recorded
in data collection and research observation sheet.
The data were analyzed using the logistic regres-
sion method with IBM SPSS version 20.0.

Results

There were 44 septic shock patients in the Resusci-
tation Room of Dr. Soetomo General Hospital Su-
rabaya from March 2019 to May 2019 who met the
inclusion criteria. The characteristics of the study
subjects are presented in Table 1. The most com-
mon cause of sepsis condition was pneumonia,
followed by intra-abdominal infection, and skin-
tissue infection (Table 2).

The majority of septic shock patients received
norepinephrine treatment (80.0%) as the initial
vasopressor, which was used to achieve and main-
tain the MAP target of >65 mmHg. No patient re-
ceived a single administration of dopamine or do-
butamine as the initial vasopressor medicine to
achieve and maintain the MAP target of >65
mmHg.

The percentage of septic shock patient, which sur-
vived were 61.4% whereas the percentage of septic

Crit Care Shock 2020 Vol. 23 No. 2



shock patient who died within 7 days was 38.6%.
There was a different outcome of septic patients
based on the VIS with the mean value of the alive
patients were 7.28 (95% CI, 3.77-10.78, p=0.002),
whereas the mean value of the dead patients was
18.11 (95% CI, 13.45-22.78, p=0.002). The out-
come differences of septic patients based on the
VDI were 0.106 (95% CI, 0.039-0.174, p=0.000)
for alive patients, whereas 0.255 (95% CI, 0.199-
0.310, p=0.000) for dead patients.

Based on log regression bivariate analysis (Table
3), the 10th minute and 1st hour of VIS, the 10th
minute VDI, the 1st hour VDI, and the average
VDI did not have significant effect on patient out-
comes within 7 days of treatment, while the other
values of VIS and VDI had significant effect on
patient outcomes. Based on backward stepwise log
regression analysis (Table 4), the 24th hour and
48th hour VIS had the most significant effect on
patient outcomes within 7 days of treatment. In the
VDI, the result of backward stepwise log regres-
sion analysis (Table 4) showed that the 24th hour
and 48th hour VDI had the most significant effect
on patient outcomes within 7 days of treatment.
Figure 1 shows the threshold value of VIS at 24
hour was 12.5 with a sensitivity of 81.8% and
specificity of 81.5% (AUC 0.901, 95% CI 0.803-
0.998, p=0.000), while the threshold value of VIS
at 48 hour was 8.75 with a sensitivity of 88.9% and
a specificity of 88.9% (AUC 0.934, 95% CI 0.853-
1.000, p=0.000) (Figure 2).

Figure 3 shows the threshold value of VDI at 24
hour was 0.176/mmHg with a sensitivity of 81.8%
and specificity of 81.5% (AUC 0.909, 95% CI
0.818-1.000, p=0.000), while the threshold value
of VDI at 48 hour was 0.150/mmHg with a sensi-
tivity of 88.9% and a specificity of 92.6% (AUC
0.938, 95% CI 0.859-1.000, p=0.000) (Figure 4).

Discussion

VIS is an alternative calculation method to meas-
ure the cumulative doses of vasopressor. This is
considered to be necessary because the medicines
are given continuously with titration dosages. VIS
is obtained from the calculation using the formula:
(dose of dopamine x 1) + (dose of dobutamine x 1)
+ (dose of epinephrine x 100) + (dose of norepi-
nephrine x 100) + (dose of phenylephrine x 100).
The dosage is in pg/kg BW/min.

Based on the VIS, there were different outcomes in
septic shock patients. The mean vasopressor ino-
tropic score in the alive patients was lower than in
the dead patients at the 10th minute, 1st hour, 6th
hour, 12th hour, 24th hour, and 48th hour VIS. It
was indicated that in non-survivor septic shock pa-
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tient needed a higher cumulative dose of vasopres-
sor than the survivor septic shock patient. Other
studies stated that VIS could be used as 28 day
mortality discrimination method in septic shock
patients. (16)

The VDI can be used as an alternative to calculat-
ing the vasopressor medicine effect towards mean
arterial pressure increase. VDI is calculated from
the ratio of inotropic/vasopressor score to MAP. In
this study, there were outcome differences in septic
shock patients based on their VDI. The mean VDI
in the survivor septic shock patients was lower
than in the non-survivor septic shock patient. Sta-
tistically, the VIS and VDI significantly influence
the outcome of septic shock patients within 7 days
of treatment.

This study was in line with the Early Use of Poly-
myxin B Hemoperfusion in Abdominal Sepsis
(EUPHAS) Trial, which stated that in patients with
abdominal sepsis the vasopressor dependency in-
dex value is higher in the non-survivor group com-
pared to the survivor group (p=0.046). Based on
the receiver operating characteristic (ROC) curve
and the determination of the area under the curve
(AUC), the VDI optimal threshold to predict 28
day survival prognostic was 0.499/mmHg (sensi-
tivity 78.3%, specificity 83.3%). (14)

In septic condition, endothelial dysfunction occurs
as a result of nitric oxide excessive production by
inducible nitric oxide synthase (INOS), which re-
sults in the shifting of intravascular fluid to the
extravascular compartment.

Excessive increment of NO can cause hypotension,
cardiac depression, and vascular hyporeactivity
(vasoplegia) in septic shock, which leads to cate-
cholamine refractory shock and a need of high
dose catecholamine. (17)

Resuscitation in shock conditions can be done by
administering fluids. In septic patients, the fluid
administration protocol for patients with hypoten-
sion (MAP<65 mmHg) or hypoperfusion (lac-
tate>4 mmol) is 30 ml/kgBW of crystalloid fluid.
Early fluid administration of <45 ml/kgBW can
reduce the lactate level and may potentially reduce
mortality. (18) It indicates that the early admin-
istration of fluid in sepsis management may not be
significant on patient outcomes if it is not followed
by a decrease in lactate level or improvement in
microcirculation and tissue perfusion.

The 2018 Surviving Sepsis Campaign guideline
mentioned that the MAP target for sepsis resuscita-
tion is >65 mmHg, but it can vary according to the
conditions of each patient. (19) In this study, the
mean MAP in survivor septic patients was higher
than in non-survivor septic patients. The result of
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the Sepsis and Mean Arterial Pressure Study sug-
gested that the MAP target of <65-75 mmHg was
sufficient for septic shock patients, but a higher
MAP target of 75-85 mmHg may be needed in sep-
tic patients with chronic hypertension. The study
also mentioned that the MAP of <60-65 mmHg
could adversely affect the outcomes of septic
shock patients. (20)

Based on backward stepwise log regression analy-
sis of VIS variables, it is obtained that the VIS at
the 24th hour and at the 48th hour had the most
influences to the outcome of septic shock patients
in the 7 day treatment period. From the ROC
curve, the VIS threshold at the 24th hour was 12.5,
which equivalent to the use of norepinephrine at a
dose of 0.125 pg/kgBW/min, while the VIS
threshold at the 48th hour was 8.75, which equiva-
lent to the use of norepinephrine at a dose of
0.0875 ng/kgBW/min. Other studies found that
administration of norepinephrine or epinephrine at
a dose of 0.5 pg/’kgBW/min can be used as sepsis
mortality predictor with sensitivity of 96% and
specificity of 76%. Patients with norepinephrine or
epinephrine at a dose of <0.5 pg/kgBW/min had 6
years life expectancy of 60%. All patients who re-
ceived norepinephrine at a dose of >3.8
pg/kgBW/min or epinephrine at a dose of >9.6
pg/kgBW/min died, while the duration of vaso-
pressor did not affect the survival rate (p=0.4). (21)
Another study found that vasopressor at a dose of
0.75 ng/kgBW/min can be used as a predictor of
mortality with a sensitivity of 73% and a specifici-
ty of 74%. The mortality would increase to 86.4%
if the dose of vasopressor was >0.75
ug/kgBW/min. (7)

Based on backward stepwise log regression analy-
sis of the VDI variables, it was obtained that the
VDI value at the 24th hour and at the 48th hour
had the most influence affect to the outcome of
septic shock patients in the 7 day treatment period.
From the ROC curve, the VDI threshold value at
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the 24th hour was 0.176/mmHg with sensitivity of
81.8% and specificity of 85.2% (AUC 0.909, 95%
CI 0.818-1000, p=0.000), while the VDI threshold
value at the 48th hour was 0.150/mmHg with a
sensitivity of 88.9% and specificity of 92.6%
(AUC 0.938, 95% CI 0.859-1000, p=0.000).
Matsukuma, et al (2015) found that the VDI
threshold value to predict 28 days mortality rate in
septic shock patients was 0.499/mmHg (sensitivity
78.3%, specificity 83.3%). (14)

Multivariate analysis to compare variables that
affect septic patient outcomes between VIS at the
24th hour and 48th hour, VDI at the 24th hour and
48th hour, and Sequential Organ Failure Assess-
ment (SOFA) scores showed that SOFA scores
were the most influential variables on septic pa-
tient outcomes. A number of studies mentioned
that SOFA score were the best prognostic predictor
of septic patients. In this study, the threshold value
for SOFA score was 11. Gunes Ozaydin, et al
(2017) found the value of the SOFA score as a
prediction of mortality of septic patients was >4.5
with sensitivity of 44% and specificity of 95%
(AUC 0.80, 95% CI 0.65-0.94). Their study also
found that all patients with SOFA scores of >10
died. (22)

Conclusion

There were outcome differences in the septic shock
patients within the 7 days of treatment based on the
vasopressor dependency index value. The VDI that
mostly affected the patient outcome within 7 days
of treatment were at the 24th and 48th hour with
the VDI threshold at the 24th hour was
0.176/mmHg (sensitivity 81.8%, specificity 85.2%,
AUC 0.909, 95% CI 0.818-1000, p=0.000) and the
VDI threshold at the 48th hour was 0.150/mmHg
(88.9% sensitivity, 92.6% specificity, AUC 0.938,
95% CI 0.859-1000, p=0.000). The VDI value can
predict the outcome of septic shock patients in 7
days of treatment in addition to the SOFA score.

Crit Care Shock 2020 Vol. 23 No. 2



Table 1. Subjects characteristics

Variable Patient outcome in 7th day p value
Survival Non survival

Sex: 1.000*

- Male, n 13 9

- Female, n 14 8

Ethnicity: 0.894*

- Javanese, n 18 14

- Maduranese, n 2

- Other, n 4 1

Age (based on Ministry of Health 0.342%*

of Indonesia): 1 0

- Teen, n 16 12

- Adult, n 6 9

- Elderly, n

Body weight (kg) 64.11£13.414  |64.35£14.204  |0.955%*

BMI 25.15+5.07 25.34+6.26 0.736***

Respiratory rate: 0.220*

- Normal, n 6 1

- Tachypnea, n 21 16

Heart rate (bpm) 116.22419.170 |116.00£19.862 |0.971**

Temperature (°C) 37.20+0.92 37.39+1.38 0.726%**

Intubated 22 16 0.380*

History of illness:

- Asthma, n 4 2

-COPD, n 1 1 0.111*

-TBC, n 4 0

- Hypertension, n 8 8 0.396*

-CAD,n 1 2 0.549%*

- Arrhythmias, n 0 1 0.386*

- Heart failure, n 0 2 0.144%*

-CVA,n 1 2 0.549*

-CKD, n 1 0 1.000*

- Diabetes mellitus, n 7 6 0.746%*

- Gastritis, n 2 1 1.000%*

Legend: BMI=body mass index; COPD=chronic
CV A=cerebrovascular

CAD=coronary artery disease;
p<0.05=significant.

*chi-square test, significant p value <0.05

**T-test, significant p value <0.05

*#*Mann-Whitney test, significant p value <0.05

Crit Care Shock 2020 Vol. 23 No. 2
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Table 2. Source of infection caused sepsis

Sources of infection Number (n) Percetage (%)
Pneumonia 21 47.7
Abdomen 11 25.0

CNS 1 2.3

UTI 1 2.3

Skin and soft tissue 9 20.4

Blood stream infection 1 2.3

Legend: CNS=central nervous system; UTI=urinary tract infection.

Table 3. Log regression bivariate analysis on outcome in 7 days

Variable Wald |Exp (B) B 95% Cl exp (B) p value
MAP 4.982 10.948 -0.054 10.904-0.993 0.026
SOFA score 11.756|1.976 0.681 |1.339-2.917 0.001
VIS groups:

- VIS at the 10th minute | 1.866 |1.041 0.040 |0.983-1.102 0.172
- VIS at the 1st hour 2.740 |1.050 0.049 0.991-1.112 0.098
- VIS at the 6th hour 7.321 |1.085 0.082 |1.023-1.152 0.007
- VIS at the 12th hour | 10.691|1.150 0.140 |1.058-1.251 0.001
- VIS at the 24th hour |9.153 |1.223 0.201 |1.073-1.393 0.002
- VIS at the 48th hour |9.059 |1.174 0.161 |1.058-1.304 0.003
- VIS average 6.153 |1.152 0.141 |1.030-1.288 0.013
VDI groups:

- VDI at the 10th minute | 1.128 |4.535 1.512 |0.279-73.825 0.288
- VDI at the 1st hour 1.341 |6.050 1.800 |0.287-127.324 0.247
- VDI at the 6th hour 5.139 |123.141 4.813 [1.919-7902.594 0.023
- VDI at the 12th hour |9.687 |10151.951 |9.225 [30.449-3384795.029 0.002
- VDI at the 24th hour |8.232 |3683317.467|15.119(120.443-112640600288.671|0.004
- VDI at the 48th hour |7.619 |39112.779 |10.574{21.454-71306764.664 0.006
- VDI average 3.361 |651.668 6.480 |0.639-664242.255 0.067

Legend: MAP=mean arterial pressure; SOFA=sequential organ failure assessment; VIS=vasopressor ino-
tropic score; VDI=vasopressor dependency index; Wald=Wald test; Exp (B)=exponentiation of the f
coefficient; B=p coefficient. Significant if p value <0.05.
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Table 4. Backward stepwise log regression analysis VIS and VDI groups on the 7 days outcome

Variable Wald Exp (B) B 95%CI P Value

VIS Groups:

- VIS at the 24th |4.414 1.212 0.192 1.013-1.451 0.036

hour

- VIS at the 48th  |4.667 1.119 0.113 1.011-1.240 0.031

hour

VDI Groups:

e VDI at the 24™ {4.512 3062313.776 14.935 3.173- 0.034
hour 2955949692696.163

e VDI at the 48™ |4.500 1012.736 6.920 1.693-605857.847 0.034
hour

All component (MAP, SOFA Score, VIS, VDI)

o SOFA 4.667 1.119 0.113 1.110-3.584 0.021
Score

Legend: VIS=vasopressor inotropic score; VDI=vasopressor dependency index; Wald=Wald test; Exp
(B)=exponentiation of the B coefficient; B=f coefficient. Significant if p value <0.05.

Crit Care Shock 2020 Vol. 23 No. 2



Figure 1. VIS ROC curve at 24th hour
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Legend: VIS=vasopressor inotropic score; ROC=receiver operating characteristic.

Figure 2. VIS ROC curve at 48th hour
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Legend: VIS=vasopressor inotropic score; ROC=receiver operating characteristic.
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Figure 3. VDI ROC curve at 24th hour
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Legend: VDI=vasopressor dependency index; ROC=receiver operating characteristic.

Figure 4. VDI ROC curve at 48th hour
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Legend: VDI=vasopressor dependency index; ROC=receiver operating characteristic.
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