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Objective: The purpose of this study is to assess the impact of the use of vasoactive drugs on morbidity and mortality in
surgical critically ill patients.

Material and Method: We conducted a multi-center prospective observational study in Thai university-based surgical
intensive care units (SICU) over a 22-month period. Patient data were recorded by case record form in 3 main phases:
admission, daily and discharge. Data collection included patient characteristics, pattern of vasoactive drugs use, and
outcomes.

Results: Nine university-based SICU comprising 4,652 patients were included in the study. The vasopressor exposed patient
group had 1,155 patients (24.8%). Either vasopressor or inotrope exposed group demonstrated significantly higher ICU
mortality, 28-day mortality and new arrhythmia than the non-exposed group (p<0.001). In multivariable analysis, norepinephrine
or epinephrine significantly increased risks of all unfavorable outcomes while dopamine significantly increased only new
arrhythmia (OR 1.44; 95% CI 1.02-2.02, p = 0.036) in vasopressor-exposed patients. Epinephrine had the highest risk of all
unfavorable outcomes with an OR 3.17; 95% CI 2.10-4.78, (p<0.001) for ICU mortality, OR 2.62; 95% CI 1.73-3.97,
(p<0.001) for 28-day mortality, and OR of 1.77; 95% CI 1.13-2.75, (p = 0.012) for new arrhythmia. Neither dobutamine nor
milrinone showed any significant results in inotrope exposed patients.

Conclusion: Vasoactive drug exposed patient groups had significantly higher incidence of new arrhythmia, ICU mortality,
and 28-day mortality. Epinephrine exposure was associated with the highest risk of unfavorable outcomes. Further information
from well-designed studies is needed to justify the most appropriate use of vasoactive drugs.
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Vasoactive drugs have been used routinely
in critically ill patients to restore tissue perfusion when
volume therapy cannot achieve the goals of shock
resuscitation. In general, dopamine, norepinephrine,
and epinephrine are used to achieve vasopressor
effects and dobutamine is used for an inotropic effect-?.
Many pathological conditions can cause inadequate
tissue perfusion to organs. Therefore, vasoactive drugs
targeted for their therapeutic effects according to
the mechanism of shock should result in the most
favorable patient outcomes®. However, while applying
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the appropriate drug is necessary, it is also key to
understand the optimal time for drug implementation
as a delay in treatment can cause organ ischemia and
failure™. Another interesting aspect of vasoactive drug
application is dosage. Previous studies have shown
that overuse of vasoactive drugs, especially
vasopressors, can lead to unfavorable outcomes®. In
addition to the improper use of vasoactive drugs, each
drug may have undesirable effects causing unfavorable
outcomes. For instance, the potential for immuno-
suppression®”, increased tachyarrhythmia®”, and
increased mortality in a study of a European cohort of
intensive care units'” has been reported with the use
of dopamine. The vasoconstrictive effect of
epinephrine increase the risk of decreased blood flow
to splanchnic organs'). The vasodilatory effects of
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dobutamine and milrinone can exacerbate hypotension
and decrease organ perfusion pressure!'?.

The role of vasoactive agents on the clinical
outcomes has been debatable in previous studies®?.
In addition, there were several confounding factors
involved in treatment outcomes. The aim of the study
is to assess the impact of the use of vasoactive agents
on morbidity and mortality, especially in surgical
critically ill patients.

Material and Method

This is a prospective cohort observational
study of data collected from THAI-SICU"¥, Data
collection was performed at 9 university-based Surgical
Intensive Care Units (SICU) from April 2011 to January
2013 over a period of 22 months. The subjects of
this study were patients admitted to general SICUs of 9
university-based hospitals aged 18 years and over.
Patients who did not benefit from ICU admission were
excluded.

Patient data were gathered in 3 main phases:
on admission, at discharge, and from daily recordings
of data. Admission case record forms (CRFs) were used
on admission. Daily CRFs were recorded during ICU
stay and patients were followed until discharge from
the ICU or up to 28 days after ICU admission. Discharge
CRFs were recorded when patients were discharged
from the ICU. These patients were followed-up for up
to 28 days following discharge from the ICU if they
survived. Admission CRF consisted of: 1) Demographic
data, 2) Underlying disease(s) and drug usage, 3) ICU
admission details, 4) Post operative details, 5)
Diagnosis, and 6) Severity of diseases. Daily CRF
consisted of: 1) Adverse event surveillance, 2)
Vasoactive drug usage in ICU; 3) Monitoring of all
catheter(s) and equipment. Discharge CRF consisted
of: 1) ICU discharge details, 2) Hospital discharge
details, 3) follow-up 28 days after ICU discharge.

All patients in this study provided standard
informed consent. The research proposal and all CRF
were approved by the Thailand Joint Research Ethics
Committees (JREC) as well as each institution’s Ethics
Committee (EC) or Institutional Review Board (IRB)
prior to the collection of any data.

Regarding analysis planning, the statistical
program used in this study was STATA, version 11.0
(STATA Inc., College Station, TX). Descriptive data
were reported as percentages in categorized data
and either mean with standard deviation (SD) for
parametric distribution, continuous data or median and
interquartile range (IQR) for non-parametric distribution,
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continuous data. Univariable data was analyzed to
compare the differences between groups using a t-test,
the Mann-Whitney U test and ANOVA. Continuous
variables were analyzed using a Kruskal-Wallis test at
their distribution. The Chi-square or Fisher exact
probability test was employed for categorical data.
Relationships between the predictor and outcome
variables were analyzed by regression analysis with
univariable or multivariable controls. A mixed model
was used for repeated measurement variables and
cluster analysis. Statistically significant differences
were defined as p<0.05.

Results

The study included 9 university-based
hospital SICUs comprising 4,652 patients, (Table 1).
With respect to vasopressor drug uses, the vasopressor
exposed patient group comprised 1,155 patients (24.8%),
682 of whom were male (59%) with an average age of 66
(IQR; 53-76) years, BMI of 22.2 (IQR; 19.6-25.0),
APACHE I score of 16 (IQR; 11-23), and SOFA score
of 6 (IQR; 3-9). With respect to the inotrope exposed
group of 372 patients (8.0%), the average age was 66
(IQR; 54-78) years, 212 patients were male (57.0%),
average BMI was 22.5 (IQR; 20.0-25.4), APACHE Il score
was 13 (IQR; 8-19), and SOFA score 4 (IQR; 2-8.5). One
fifth of the patients (907 out of 4,652 patients)
manifested sepsis at least once at some point during
their SICU stay. The vasopressor exposed group had
significantly higher risks of ICU mortality, 28-day
mortality and new arrhythmia than the non-vasopressor
exposed group (p<0.001) while the inotrope exposed
group also had significantly higher risks compared with
the non-inotrope exposed group (p<0.001).

Tables 2 and 3 show details of each vasoactive
drug usage and outcomes within the groups who used
vasopressors and inotropes. The most frequently used
vasopressor was norepinephrine (879/1,155 patients;
76.1%). Dopamine was the second most frequent
vasopressor of choice (625/1,155 patients; 54.1%) and
epinephrine was the third most frequent drug (190/1,155
patients; 16.5%) used. These vasoactive drugs were
individually considered in aspect of the main outcomes.
The results show that each vasopressor exposure
always induced significantly more unfavorable
outcomes. The analysis of inotrope use indicated that
there were totally 372 patients exposed to inotropes of
which the most frequently used was dobutamine (362/
372 patients; 97.3%) while the less frequently used was
milrinone (27/372 patients; 7.3%). Treatment with these
inotropes usually started on the second day of SICU
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Table 1. Baseline characteristics of the surgical intensive care unit (SICU) patients: categorized in context of vasopressor
and inotropic therapy

Vasopressor drug Inotropic drugs
Exposure Non-exposure  p-value Exposure Non-exposure  p-value
n=1,155 n = 3,497 n=372 n = 4,280
Characteristics
Male, n (%) 682 (59.05) 2,047 (58.54) 0.759 212 (56.99) 2,517 (58.81) 0.494
Age, median (IQR) 66 (53-76) 64 (50-75) 0.001 66 (54-78) 64 (51-75) 0.007
BMI, median (IQR) 2222 22.31 0.147 22.49 2222 0.211
(19.57-24.97)  (19.56-25.33) (20-25.39) (19.53-25.15)
APACHE II score, 16 (11-23) 9 (6-13)  <0.001 13 (8-19) 10 (7-15)  <0.001
median (IQR)
SOFA score, median (IQR) 6 (3-9) 2 (0-3) <0.001 4 (2-8.5) 2 (1-5) <0.001
Admission diagnosis, n (%)
Cardiovascular 168 (14.55) 571 (16.33)  <0.001 66 (17.74) 673 (15.72) 0.002
Respiratory 96 (8.31) 265 (7.58) 26 (6.99) 335 (7.83)
Abdominal (GI-HBP) 418 (36.19) 1,451 (41.49) 161 (43.28) 1,708 (39.91)
Neuro-head-neck 35 (3.03) 201 (5.75) 10 (2.69) 226 (5.28)
Sepsis 133 (11.52) 39 (1.12) 27 (7.26) 145 (3.39)
Trauma 111 (9.61) 216 (6.18) 26 (6.99) 301 (7.03)
Metabolic 13 (1.13) 69 (1.97) 6 (1.61) 76 (1.78)
Hematological 1 (0.09) 1 (0.03) 0 (0.00) 2 (0.05)
Renal-GU 73 (6.32) 300 (8.58) 20 (5.38) 353 (8.25)
Ob-gyn 13 (1.13) 111 (3.17) 5(1.34) 119 (2.78)
Musculo-skeletal-skin 84 (7.27) 226 (6.46) 24 (6.45) 286 (6.68)
Others 10 (0.87) 47 (1.34) 1(0.27) 56 (1.31)
Type of surgery, n (%)
Emergency 405 (35.06) 743 (21.25) <0.001 132 (35.48) 1,016 (23.74) <0.001
Elective 280 (24.24) 2,031 (58.08) 121 (32.53) 2,190 (51.17)
Not define 28 (2.42) 162 (4.63) 9(2.42) 181 (4.23)
Not operation 442 (38.27) 561 (16.04) 110 (29.57) 893 (20.86)
Underlying disease, n (%)
Hypertension 552 (47.79) 1,716 (49.07) 0.451 182 (48.92) 2,086 (48.74) 0.945
CAD 112 (9.70) 348 (9.95) 0.802 49 (13.17) 411 (9.60) 0.027
CHF 40 (3.46) 67 (1.92) 0.002 16 (4.30) 91 (2.13) 0.007
Vascular disease 74 (6.41) 194 (5.55) 0.277 30 (8.06) 238 (5.56) 0.047
Previous stroke 73 (6.32) 203 (5.80) 0.520 22 (5.91) 254 (5.93) 0.987
Other cardiovascular 103 (8.92) 268 (7.66) 0.173 37 (9.95) 334 (7.80) 0.143
Asthma 14 (1.21) 61 (1.74) 0.213 6 (1.61) 69 (1.61) 0.999
COPD 61 (5.28) 151 (4.32) 0.173 16 (4.30) 196 (4.58) 0.805
Other respiratory 27 (2.34) 107 (3.06) 0.203 10 (2.69) 124 (2.90) 0.817
DM 266 (23.03) 752 (21.50) 0.277 78 (20.97) 940 (21.96) 0.656
Chronic renal failure 152 (13.16) 290 (8.29)  <0.001 37 (9.95) 405 (9.46) 0.760
HIV positive/AIDS 7 (0.61) 11 (0.31) 0.167 1(0.27) 17 (0.40) 0.702
Malignancy 200 (17.32) 527 (15.07) 0.068 49 (13.17) 678 (15.84) 0.174
Immune disease 21 (1.82) 35 (1.00) 0.027 2 (0.54) 54 (1.26) 0.219
Organ transplantation 12 (1.04) 13 (0.37) 0.007 4 (1.08) 21 (0.49) 0.139
Unknown 66 (5.71) 158 (4.52) 0.100 27 (7.26) 197 (4.60) 0.022
N/A 265 (22.94) 911 (26.05) 0.035 85 (22.85) 1,091 (25.49) 0.261
Outcomes, n (%)
ICU mortality 378 (32.73) 69 (1.97)  <0.001 86 (23.12) 361 (8.43)  <0.001
28 day mortality 444 (38.44) 198 (5.66)  <0.001 100 (26.88) 542 (12.66)  <0.001
New arrhythmia 202 (17.49) 24 (0.69)  <0.001 43 (11.56) 183 (4.28)  <0.001

IQR = interquartile range, BMI = body mass index, GI-HBP = gastrointestinal-hepatobiliary and pancreatic, CAD =
coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, DM = diabetes
mellitus
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Table 2. Outcomes of each vasopressor drug use in vasopressor exposed patients
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p-value

Non-

Epinephrine
exposure

p-value

Norepinephrine Non-

Non-dopamine p-value

vasopressor

Dopamine
exposure

epinephrine
vasopressor
exposure

norepinephrine

vasopressor

exposure

exposure

exposure

530 (45.89) 879 (76.10) 276 (23.90) 190 (16.45) 965 (83.55)
815 (92.72) 145 (76.32)

625 (54.11)
557 (89.12)

All cases, n (%)

First drug (%)

0.001
<0.001

1(1-1) 1(1-2)
2(2-3)

41 (21.58)
130 (68.42)

0.037
<0.001

1(1-2) 1(1-1)

<0.001
<0.001

1(1-2)

1(1-1)

First day (IQR)

1(1-2)
143 (14.82)
248 (25.70)
308 (31.92)

1(1-1)
29 (10.51)

1(1-2)
155 (17.63)
326 (37.09)
374 (42.55)

1 (1-1)
72 (13.58)

146 (27.55)

2(1-2)
112 (17.92)
232 (37.12)
267 (42.72)

Exposure day (IQR)

New arrhythmia
ICU mortality

0.020
<0.001
<0.001

0.005
<0.001
<0.001

0.045

52 (18.84)
70 (25.36)

0.001

136 (71.58)

0.001

177 (33.40)

28 day mortality

interquartile range

IQR
Non-dopamine vasopressor exposure: exposure with any vasopressors except dopamine, Non-norepinephrine vasopressor exposure: exposure with any vasopressors except

norepinephrine, Non-epinephrine vasopressor exposure: exposure with any vasopressors except epinephrine

admission with dobutamine being applied for a longer
period.

The data were analyzed by multivariable
analysis (Table 4) adjusting for age, APACHE Il score,
SOFA score, admission diagnosis, underlying
congestive heart failure and chronic kidney disease. In
the context of all patients in the study, exposure to
each vasopressor significantly increased the risk of
unfavorable outcomes but when analyzing in the
context of the patients who exposed to vasopressor
treatment, it was found that exposure to norepinephrine
or epinephrine significantly increased the risk of
unfavorable outcomes but dopamine significantly
increased only new arrhythmia cases. The adjusted
odds ratio of epinephrine in the context of the patients
who exposed to vasopressors showed that those on
epinephrine had the highest risk of all unfavorable
outcomes: OR 3.17 (95% CI12.10-4.78, p<0.001) for ICU
mortality, OR 2.62 (95% CI 1.73-3.97, p<0.001) for 28-
day mortality, and OR 1.77 (95% CI 1.13-2.75,p=0.012)
for new arrhythmia. With respect to inotropic drugs,
multivariable analysis for all patients in the study
showed that dobutamine significantly increased all
unfavorable outcomes but milrinone showed no
significant results. However, an analysis in the context
of'the patients who were exposed to inotropes, revealed
that exposure to dobutamine or milrinone did not
demonstrate any significant results.

Discussion

The primary aim of using vasoactive drugs in
cardiovascular resuscitation is to optimize tissue
perfusion whether by increasing vascular tone or
cardiac contractility. In either mechanism of actions,
there are many complications related to the use of
vasoactive drugs such as cardiac arrhythmia, poor
splanchnic perfusion, vasoconstrictor induced poor
peripheral perfusion, and stress induced cardio-
myopathy*'9. The results of the study demonstrated
that vasoactive drug use is correlated with unfavorable
outcomes. Comparing the groups not exposed to
vasopressors or inotropes with those exposed, the
exposed groups had significantly higher ICU mortality,
28-day mortality, and new arrhythmia (p<0.001 for all
outcomes). These outcomes may result from significant
differences in patient characteristics.

The authors also analyzed each drug within
the groups who used vasopressors and inotropes
(Table 2 and 3) to reveal the possible specific effects of
each drug aside from primary effects (vasoconstriction
or inotropic effect). Norepinephrine was the most
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Table 3. Outcomes of each inotropic drug use in inotrope exposed patients

Dobutamine ~ Non- p-value Milrinone Non- p-value
exposure dobutamine exposure milrinone
inotrope inotrope
exposure exposure
All cases, n (%) 362 (97.31) 10 (2.69) 27 (7.26) 345 (92.74)
First drug (%) 191 (98.96) - - 11 (78.57) 3(21.43) -
First day (IQR) 2 (1-3) 2(1-2) 0.907 2 (1-3) 2 (1-3) 0.966
Exposure day (IQR) 3(2-7) 1(1-1) 0.024 1(1-4) 3.5(2-9) 0.007
New arrhythmia 48 (13.26) 1 (10.00) 0.764 4 (14.81) 45 (13.04) 0.793
ICU mortality 86 (23.76) 0 (0.00) 0.079 2(7.41) 84 (24.35) 0.044
28 day mortality 99 (27.35) 1 (10.00) 0.222 3(11.11) 97 (28.12) 0.055

IQR = interquartile range

Non-dobutamineinotrope exposure: exposure with any inotropes except dobutamine, Non-milrinoneinotrope exposure:

exposure with any inotropes except milrinone

Table 4. Multivariable analysis to determine the risk of vasoactive drugs on ICU outcomes

Adjusted odds ratio (95% confidence interval)

All patients p-value Exposed patients p-value
ICU mortality
Dopamine 3.22 (2.44-4.25) <0.001 1.29(0.95-1.73) 0.100
Norepinephrine 5.52(4.15-7.34) <0.001 1.97(1.33-2.91) 0.001
Epinephrine 5.50 (3.54-8.55) <0.001 3.17(2.10-4.78)  <0.001
Dobutamine 2.16 (1.50-3.11)  <0.001 1 -
Milrinone 0.34 (0.04-2.63) 0.299  0.26 (0.05-1.41) 0.118
28 day mortality
Dopamine 2.35(1.84-3.00) <0.001 1.26 (0.95-1.68) 0.114
Norepinephrine 2.95(2.33-3.73)  <0.001 1.59(1.11-2.28) 0.011
Epinephrine 3.95(2.58-6.05) <0.001 2.62(1.73-3.97)  <0.001
Dobutamine 1.48 (1.07-2.04) 0.018 1.77(0.19-16.80)  0.618
Milrinone 0.47 (0.09-2.37) 0.360  0.36 (0.09-1.48) 0.157
New arrhythmias
Dopamine 3.08 (2.27-4.17)  <0.001 1.44(1.02-2.02) 0.036
Norepinephrine 4.14 (3.05-5.63)  <0.001 1.74 (1.12-2.70) 0.014
Epinephrine 2.16 (1.36-3.41) 0.001  1.77 (1.13-2.75) 0.012
Dobutamine 1.69 (1.17-2.43) 0.005  0.79 (0.09-6.73) 0.828
Milrinone 2.10 (0.66-6.69) 0.211  1.36(0.43-4.29) 0.605

Adjusted by age, APACHE Il score, SOFA score, admission diagnosis, underlying of congestive heart failure and chronic renal

failure

frequently used vasopressor and dobutamine was the
most frequently used inotrope in all patients. These
results might be influenced by sepsis resuscitation
guidelines”. The increasing mortality in the dopamine
exposed group is consistent with SOAP study
outcomes'? but we are still waiting for more information
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to draw conclusions on the risks of dopamine use.
Epinephrine was usually used as a second line
vasopressor according to sepsis resuscitation
guidelines. These clinical practices could also have led
to the increase of ICU mortality and 28-day mortality
when it was decided to use epinephrine for cases of
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difficult resuscitation. The use of vasopressors,
especially epinephrine, has been reported to be related
to cause poor gastric mucosa perfusion'*!9. The
inadequate splanchnic perfusion induced enterocyte
damage caused by vasopressor use may be a cause of
the increased mortality, but this needs to be proven.
However, as shown in Table 1, the most common
admission diagnosis in SICU patients was intra-
abdominal lesions that might have been the cause of
poor splanchnic perfusion per se.

Dobutamine was the most frequently used
inotrope in the study (Table 3). Comparison between
the dobutamine exposed group versus the non-
dobutamine inotrope exposed group revealed no
statistically significant differences in outcomes between
the two groups. In contrast, comparison between the
milrinone exposed group versus the non-milrinone
inotrope exposed group demonstrated differences in
ICU mortality. However, the favorable outcomes in the
group exposed to milrinone should be interpreted with
caution because only a small number of patients were
exposed to milrinone in the study.

Data on the use of each vasoactive drug were
analyzed by multivariable analysis adjusted for
confounding factors. Dopamine use significantly
increased the risk of new arrhythmia as shown in
previous studies but did not significantly increase
mortality outcomes when compared within the
vasopressor exposed group; whereas norepinephrine
use increased all unfavorable outcomes. This result is
consistent with the SACiUCI study which reported that
norepinephrine administration was an independent risk
factor for ICU mortality in patients with septic shock".
Epinephrine use was associated with the highest risks
of all unfavorable outcomes. Dobutamine was
associated with significant risks for all unfavorable
outcomes when analyzed within the group of all
patients. These outcomes might arise from the fact that
patients who needed to start dobutamine treatment
usually were suffering myocardial contractile
dysfunction which is a severe life-threatening
condition. However, when analyzed within the group
of inotrope exposed patients, dobutamine did not show
any significant outcomes. Multivariate analysis of
milrinone use also did not show any significant
outcomes.

The authors attempted to minimize the effects
of confounding factors by multivariable analysis but
it is impossible to take all possible confounding factors
into account. The results of the study reveal unfavorable
outcomes when using vasoactive drugs, particularly
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vasopressors, even after adjustment for possible
confounding factors. However, in fact, the use of
vasoactive drugs in shock resuscitation cannot be
avoided so they should be used with caution.

Conclusion

This study demonstrates increasing mortality
in surgical critically ill patients treated with use of all
types of vasopressor drugs under investigation.
Epinephrine exposure was associated with the highest
risk of unfavorable outcomes. The use of vasopressors
to achieve optimal outcomes needs to be debated in
the future, whether it is a matter of the proper use of
vasopressors or consideration of the specific
properties of each vasopressor or of specific patient
conditions affecting outcomes. More information is
needed before making decisions about which
vasoactive drug is better in any particular situation
and to monitor the use of these drugs properly for safe
outcomes. However, without any definite information,
the authors suggest using all vasoactive drugs with
caution.

What is already known on this topic?

In addition to the improper use of vasoactive
drugs, each drug may have undesirable effects causing
unfavorable outcomes. There are controversial issues
in study of clinical outcomes in the application of
vasoactive agents and limited information in surgical
critically ill patients.

What this study adds?

With respect to vasoactive drug use in surgical
critically ill patient, epinephrine has the highest risk of
unfavorable outcomes with the second highest risk
being for norepinephrine.

Acknowledgements

The present study funding was supported by
the Royal College of Anesthesiology of Thailand,
National Research Council of Thailand (NRCT), Mahidol
University, Chulalongkorn University, Chiang Mai
University, Khon Kaen University, Prince of
Songkhla University, Navamindradhiraj University,
Phramongkutklao Hospital and Srinakharinwirot
University. Data processing was performed by the
Medical Research Network of the Consortium of Thai
Medical Schools (MedResNet). The authors give
thanks to all of the nurses and research assistants
involved in the present study. The Medical Association
of Thailand provided the publication fund for this study

J Med Assoc Thai Vol. 99 Suppl. 6 2016



(funding of Prasert Prasarttong-osoth).

The THAI-SICU study group were listed

Suneerat Kongsayreepong, Onuma Chaiwat
(Siriraj Hospital, Mahidol University, Bangkok),
Kaweesak Chittawatanarat, Tanyong Pipanmekaporn
(Chiang Mai University, Chiang Mai) Sunthiiti Morakul
(Ramathibodi Hospital, Bangkok), Thammasak
Thawitsri, Somrat Charuluxananan (King Chulalongkorn
Memorial Hospital, Bangkok), Petch Wacharasint, Pusit
Fuengfoo (Phramongkutklao Hospital, Bangkok),
Sunisa Chatmongkolchart, Osaree Akaraborworn
(Prince of Songkla University, Songkhla), Chompunoot
Pathonsamit, Sujaree Poopipatpab (Navamindradhiraj
University, Vajira Hospital, Bangkok), Sarinya
Chanthawong, Waraporn Chau-In (Khon Kaen
University, Khon Kaen), Chaiyapruk Kusumaphanyo,
Phakapan Buppha (Srinakharinwirot University).

Potential conflicts of interest
None.

References

1. Dellinger RP, Levy MM, Rhodes A, Annane D,
Gerlach H, Opal SM, et al. Surviving Sepsis
Campaign: international guidelines for
management of severe sepsis and septic shock,
2012. Intensive Care Med 2013; 39: 165-228.

2. Chittawatanarat K, Patjanasoontorn B,
Rungruanghiranya S. Thai-shock survey 2013:
survey of shock management in Thailand. J Med
Assoc Thai 2014; 97 (Suppl 1): S108-18.

3. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin
A, Knoblich B, et al. Early goal-directed therapy in
the treatment of severe sepsis and septic shock. N
EnglJMed 2001; 345: 1368-77.

4. BeckV, Chateau D, Bryson GL, Pisipati A, Zanotti
S, Parrillo JE, et al. Timing of vasopressor initiation
and mortality in septic shock: a cohort study. Crit
Care2014; 18: R97.

5. Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane
B, Anguel N, et al. High versus low blood-pressure
target in patients with septic shock. N Engl J Med
2014;370: 1583-93.

6. Oberbeck R, Schmitz D, Wilsenack K, Sch! /ler M,
Husain B, Schedlowski M, et al. Dopamine affects
cellular immune functions during polymicrobial
sepsis. Intensive Care Med 2006; 32: 731-9.

J Med Assoc Thai Vol. 99 Suppl. 6 2016

O.

10.

11

12.

14.

15.

16.

17.

Pacheco R, Prado CE, Barrientos MJ, Bernales S.
Role of dopamine in the physiology of T-cells and
dendritic cells. J Neuroimmunol 2009; 216: 8-19.
De Backer D, Aldecoa C, Njimi H, Vincent JL.
Dopamine versus norepinephrine in the treatment
of septic shock: a meta-analysis*. Crit Care Med
2012;40: 725-30.

De Backer D, Biston P, Devriendt J, Madl C,
Chochrad D, Aldecoa C, et al. Comparison of
dopamine and norepinephrine in the treatment of
shock. N Engl J Med 2010; 362: 779-89.

SakrY, Reinhart K, Vincent JL, Sprung CL, Moreno
R, Ranieri VM, et al. Does dopamine administration
in shock influence outcome? Results of the Sepsis
Occurrence in Acutely 111 Patients (SOAP) study.
Crit Care Med. 2006; 34: 589-97.

Sakka SG, Hofmann D, Thuemer O, Schelenz C,
van Hout N. Increasing cardiac output by
epinephrine after cardiac surgery: effects on
indocyanine green plasma disappearance rate and
splanchnic microcirculation. J Cardiothorac Vasc
Anesth 2007;21:351-6.

Hollenberg SM. Vasoactive drugs in circulatory
shock. Am J Respir Crit Care Med 2011; 183: 847-
55.

Chittawatanarat K, Chaiwat O, Morakul S,
Pipanmekaporn T, Thawitsri T, Wacharasint P, et
al. A multi-center Thai university-based surgical
intensive care units study (THAI-SICU study):
methodology and ICU characteristics. J] Med
Assoc Thai 2014; 97 (Suppl 1): S45-54.

Wittstein IS. Stress cardiomyopathy: a syndrome
of catecholamine-mediated myocardial stunning?
Cell Mol Neurobiol 2012; 32: 847-57.

Abraham J, Mudd JO, Kapur NK, Klein K,
Champion HC, Wittstein IS. Stress cardiomyopathy
after intravenous administration of catecholamines
and beta-receptor agonists. J Am Coll Cardiol 2009;
53:1320-5.

Zhou SX, Qiu HB, Huang YZ, Yang Y, Zheng RQ.
Effects of norepinephrine, epinephrine, and
norepinephrine-dobutamine on systemic and
gastric mucosal oxygenation in septic shock. Acta
Pharmacol Sin 2002; 23: 654-8.

Povoa PR, Carneiro AH, Ribeiro OS, Pereira AC.
Influence of vasopressor agent in septic shock
mortality. Results from the Portuguese Community-
Acquired Sepsis Study (SACiUCI study). Crit Care
Med 2009; 37:410-6.

S89



mssayineenssquiasaaonuaziilalugiheingadasnssu: waanmsany1 THARSICU

S3IWANA NIVA5, NIANA daATawIAN, Aye A1IABANA, ausay a1ganyaium, nguany1 THAISICU

14 14
[

i < dyy ) 4 o ! I3 [ o Aa v a o
Jﬂﬂljﬁ,’ﬂdﬂ: f)75ﬂﬂy7lJﬁWmﬁjiﬂllﬂﬂﬁﬂii’?’lﬂ‘llﬂdﬂ75?7/£I7f)5§@ﬂﬂﬁﬂﬂlﬁé]mmﬁﬂﬂﬂﬂﬂmﬂ?)ﬂl/?flllﬁé’f)75!?7!7W'M?Hﬁl]j?ﬂ?ﬂt]ﬁﬂﬁﬂﬂiiﬂ

9

14 14 v Ld U
Jaquasasms: AudunsAnyuyyanamwiudsdaunaltnannlunenthedngadasnssuelsmeralsuTouummeiuszozang
4 g v yu v N v 99/, v 4 ! ¥ v v ' a v ! o v/
22 waou vayantheazlasumsvuinlpeuyyriuinly 3 duneundnae vaumsimsinyr yudamumsinyiluunazTulunente
1 14
IngAARonIIY LAY NG 190N

L B2 Yy v

v 14 1 Y Y1 1Y

aansAny: anvefaheIngadaensium 9 um ismmsanyssnaylaiegihe 4,652 1o lugmouisihentasverdunaenidon

14 1 1 1Y 1 1Y 14 ! ! Y

1,155 570 (24.8%) wamsanymanuanalniiua nguillasuerdunaeaideaniongunlasvennszaumstiudvaniole dnamndsangedy

’ 1 U Y v U U 14 I

poNinisdAgemadsdIniuiulunentheingn tiudasimadsdiamely 28 Ju waziumsinannziilaauindinizinana

! oY 14 ! cyY L 14 L U !
ngunlulasuenfsziani (p<0.001) wiednniznveyalnemsnianiznnarediuys mslyuesaunsunioaiomlsuiunnudss
1 o 1 T T v ! T L) r 14
Aemsvianadis k5o mnaedanan malvoiiumnsuianadesgiganemaianadish luilansaumianunlaed OR 3.17: 95%
1 v !
CI 2.10-4.78 (p<0.001) aemaidexinlunanthedngn OR 2.62: 95% CI 1.73-3.97 (p<0.001) nemsidesinmely 28 i uaz OR
t4 L4 v 1Y 14
1.77; 95% CI 1.13-2.75 (p = 0.012) dmsvmaanislaauiindansz msdancmmeniuyslussumeagihonlasvenszaumsivi)
@ ' ' 4 4 a a Y 3 v " dy oo oo

vouriala lumynlaymiunsediasTuuuanalmsiunamsinyaeniiodigla g

v d’ Va/ Y 4 17 4 oA rd’ 45’ ' Ao o o 4 4da v a 4 4da v

asil: gihenlasvennssaumasaidenauazizlodgyamsangadueeinisatyveanmsidesialunegiheingn msidesiamelu 28 Ju

Qo yaax ’d’yudq =) 'd'd d’ ' a urdlla Y a’a <

uazmaanialouaundanz ngunlasvaiumudunguidinudsigiganentsiianadnon bilasisam veyauluaueAmsAny1

A

d’d d’d a’ 0 4’ d’ o () v Y d’ d’ A
mm7iaanuyynmz7umm7mWﬂﬂﬂ:ummwmm757]51/77;4mnmm:ﬂnnqwawn/mnmx?uaumﬂ

S90 J Med Assoc Thai Vol. 99 Suppl. 6 2016



