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Introduction: Septic shock still carries a high mortality rate despite all advances in
emergency and critical care practices. Early interventions have been proven in many aspects
to improve outcome. However, early administration of vasopressors namely norepinephrine
in septic shock is still controversial.

Objective: To identify the association between early norepinephrine administration and
mortality in septic shock patients.

Methods: A retrospective review of a prospectively collected ICU data for septic shock
patients in medical and surgical intensive care units for one year period was carried out. Case
definition was based on sepsis 3 definitions. Data included patients' characteristics of
demographics, admission diagnosis, APACHE II score, physiological data (including vital
signs and laboratory values). The primary outcome was 28 days of mortality.

Results: A total of 243 patients identified during the study period, 132 (54.3%) were male.
The mean age was found to be 58.9 + 20.3. The overall rate of 28 days mortality was 87
(47.5%). Norepinephrine was started for 68.9% of the patients in ICU, the rest were started
in the emergency department. The highest survival rates were among patients who received
norepinephrine within first hour (58.1%) and second (51.5%). A binary logistic regression
analysis has been performed to adjust for possible confounders. It was revealed that being
intubated and mechanically ventilated or having higher APACHE II score were strongly
associated with non-survival rates (OR=7.049, p-0.002), (OR=1.124, p-<0.001) respectively.
Conclusion: Our results showed that septic shock patients who had early administration of
norepinephrine had a higher survival rate. Intubation and invasive ventilation and higher
APACHE 11 score associated with higher none survival rate.
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Introduction

Septic shock and sepsis are two the major causes of presentation in the Emergency
Department (ED) and the Intensive Care Unit (ICU). Incidents of sepsis have been
on a rise and continue to be a leading cause of morbidity, mortality and growing
"4 The public health burden
linked to sepsis is increasingly growing. An effective approach to the management

healthcare cost during its treatment and management.
and treatment of sepsis is through early detection.'” Surviving Sepsis Campaign
(SSC) guidelines offer health providers with a set of recommendations that guide
their management including early recognition, monitoring, administration of fluid
and vasopressors theraples ? Previous studies on treatment interventions for sepsis
and septic shock have indicated high efficacy in early norepinephrine administra-

tion for improvement of patient outcomes in acute cases.® A meta-analysis did not
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indicate any improvement after norepinephrine administra-
tion in response to severe sepsis and septic shock 1 hour of
shock identification and 3 hours of ED triage.” Therefore,
the inconsistencies are associated with variations in the
study population, study design and definition of septic
shock.

A 2010 study identified effectiveness in norepinephrine
administration for the early treatment of patients with
severe sepsis and septic shock who were admitted to the
ICU facility.” Recent studies have identified that a better
understanding of the disease and treatment interventions
could significantly lower the mortality for patients with
sepsis and septic shock.'>'® Univariate regression per-
formed in some studies to ascertain the effect of survival
rate among selected clinical parameters.®'*'> To ascertain
the effectiveness of norepinephrine timing in the treatment
of sepsis and septic shock is important based on quantita-
tive determination of whether or not early norepinephrine
administration could improve the outcomes for septic
shock patients.”> The purpose of this study is evaluating
whether the time to norepinephrine administration is
linked to hospital mortality for a patient with sepsis and
septic shock in the emergency department using univariate
regression analysis to ascertain the effect of survival rate
among selected clinical parameters.

Materials and Methods

Design and Participants
The study
a prospectively collected ICU data. It is a single-center

involved a retrospective review of
involving data on septic shock patients in both medical
and surgical intensive care units for one year. The data
collected involved both Saudi and non-Saudi nationalities
comprising male and female sample aged from 15 years to
104 years old. A total sample of 243 patients was consid-
ered who comprised of male and female patients. The data
from patients who were under the category of do not
attempt resuscitation were not considered in the prospec-
tive observational study. The detailed registry description
for the patients was reviewed to collect sufficient data on
septic shock patients under different intensive care units in
the Kingdom of Saudi Arabia hospitals. The institutional
review board for each ICU provided the approvals to
collect data and informed consent was sought before the
collection of data to meet the ethical thresholds. The study
followed the ethical standards of the institutional and
committees and the Helsinki

national research

Declaration. Ethical approval for this study was obtained

from the Institutional Review Board of Imam

Abdulrahman Bin Faisal University.

Definitions and Outcome

The case definitions were founded on the sepsis 3 defini-
tions where data included patient demographic characteris-
tics. Additionally, the other type of data collected included
admission diagnosis, physiological data that included the
vital signs and values from laboratory data, and APATCHII
score (considers acute physiology score + chronic health
points + age points. The minimum score is usually 0 and the
maximum score is 71. High score is linked to high risk of
hospital death). The primary outcome was 28 days of mor-
tality. Mann—Whitney U-test was used for continuous data
while Chi-square test compared the categorical data. The
multivariate regression analysis was used conducted in cal-
culating the likelihood ratio between dependent variables
and independent factors.

Statistical Analysis

The data analyses were performed using Statistical
(SPSS) version 20,
Armonk, NY: IBM Corp. Statistical values were pre-

Packages for Social Sciences
sented as numbers and percentages for all categorical
variables while the mean + standard deviation was used
to presents all numerical variables. The comparison of
categorical data had been conducted using chi-square test
while the comparison of continuous data had been calcu-
lated using Mann Whitney U test for non-parametric
whereas independent #-test for the parametric test. The
univariate regression analysis has been conducted as well
to calculate the likelihood ratio between the dependent
variable against independent factors where the odds ratio,
as well as 95% confidence interval, were also being
reported. A p-value of p<0.05 deemed as the significant
level for all statistical tests. Normality of data was calcu-
lated using the Shapiro—Wilk test, p-<0.05 was consid-
ered non-parametric.

Results

Participant Characteristics

This study includes 243 patients. Age range was from 15
to 104 years old. Of the 243 patients, 54.3 % of them were
males and 45.7% were females. Saudis dominated the non-
Saudis (78.7% vs 21.3%). The rate of the 28-day survival
65.5% while non-survival 34.5%. First

was was
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Table | Description of Socio-Demographic Variables and Patient

Outcome
Study Variables N (%)
(n=243)
Nationality
® Saudi 192 (79.0%)
® Non-Saudi 51 (21.0%)
Gender
® Male 132 (54.3%)
® Female 11 (45.7%)

28 Days Survival rate *
129 (65.5%)
68 (34.5%)

® Survivor

® Non-Survivor

Table 2 Characteristics of Patients Before Admission to ICU

Characteristics N (%)
(n=243)
Diagnosis 1
® Sepsis 95 (39.1%)
® Urosepsis 19 (07.8%)
® Pneumonia 35 (14.4%)
® Others 94 (36.7%)

Vital Sign (Body Temperature) *

® Low 05 (02.4%)
® Normal 191 (91.0%)
® High/Fever 14 (06.7%)

Patient Intubated *

b here lst N oot ] ® Yes 130 (62.5%)
epartment where |st Norepinephrine was given e No 78 (37.5%)
® ER 72 (29.6%)
® ICU 171 (70.4%) Mean * SD

Mean * SD MAP (mmHg) 822 + 189

Age in years 59.8 £ 204 Heart Rate 96.8 + 23.1

Time of Norepinephrine administration (h) I. £02.0 Respiratory Rate 222 + 044

Note: *46 cases are missing and were excluded from the analysis.
Abbreviation: mean + SD, mean and standard deviation.

Norepinephrine was given at ICU (70.4%). The mean time
of Norepinephrine administration was 1.8 (SD 2.0)
(Table 1).

Characteristics of Patients Before
Admission to ICU

The characteristics of patients before ICU admission have
been further discussed in Table 2. The most common
diagnosis infection was sepsis (39.1%), followed by pneu-
monia (14.4%) and the least of them was urosepsis (7.8%).
Nearly all of them were having normal body temperature
(91.0%) whereas more than half of them were intubated
patients (58.1%). The mean MAP of the patients before
ICU admission was 82.2 (SD 18.9) while the mean heart
rate reading was 96.1 (SD 23.3) and the mean respiratory
rate was 22.2 (SD 4.4) (Table 2).

Mortality Rate After Initial

Norepinephrine Administration

Figure 1 presented the mortality rate of patients whose
initial norepinephrine administration was within the indi-
cated time interval. It was revealed that 3-3.99 hours was
the highest mortality rates (50%), followed by 2-2.99
(42.9%) and 4 hours or more (40%). On the other hand,

Note: *Missing cases were excluded from analysis.
Abbreviation: MAP, mean arterial pressure; Mean * SD, mean and standard
deviation.

highest survival rates have been detected on 0-0.99
(68.8%) and 1-1.99 (68.6%). On the characteristics of
patients during initial ICU admission, the most common
diagnosis infection during initial ICU admission was sep-
sis (39.1%), followed by pneumonia (16.5%) and the least
of them was urosepsis (7.8%). Nearly all of them have
normal body temperature (90.5%), 15 cases with high
temperature and 5 cases with low temperature. We also
detected a high proportion of patients being intubated
(77.3%) during initial ICU admission. Further laboratory
characteristics of the 243 patients are detailed in Table 3.

80% '  68.8% 68.6%

E% I%

0-0.99

70%
57.1%

60% |- 50% 50%

3-3.99

50%
40% [
30% |
20%

Mortality Rate

10%

i%

2-2.99

0%
1-1.99

W 28-day Survivor M 28-day non-Survivor

Figure | Mortality rate of patients whose initial norepinephrine administration
were within the indicated time interval (hours).
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Table 3 Characteristics of Patients

Characteristics N (%)
(n=243)
Infection Diagnosis
® Sepsis 95 (39.1%)
® Urosepsis 19 (07.8%)
® Pneumonia 40 (16.5%)
® Others 89 (36.6%)
Patient Intubated *
® Yes 163 (77.3%)
® No 48 (22.7%)
Mean £ SD
MAP (mmHg) 80.6 £ 17
Vital Sign - Heart Rate 97.9 + 24
ABG (Arterial Blood Gas)
® PH 074 £ 01.3
® PCO2 375+ 139
® PO2 1278 £ 71.5
APACHE Il Score 16.9 + 08.3
Electrolytes
® Sodium (Na) Level 140.6 + 17.7
® Potassium (K) Level 042 £ 01.1
Laboratory Results
® Hemoglobin 09.9 + 02.2
® Hematocrit 30.8 + 06.7
® WBC 182 £21.9
® Platelet 2187 £ 135.8
® Prothrombin in time 19.1 £ 09.1
® Creatinine (Serum) 02.3 + 02.4
e BUN 389 + 342
® Lactic Acid 04.8 + 05.5
® CRP 07.8 £ 07.4

Note: *Missing cases were excluded from analysis.
Abbreviation: MAP, mean arterial pressure; Mean * SD, mean and standard
deviation.

Mortality Rate and Clinical

Characteristics of Patients

When we compared the 28-day survivor and 28 days non-
survivor patients among the clinical characteristics of
patients during initial admission to ICU we found out that
the survival rates of intubated patients are significantly less
compared to those without intubation (p-<0.001). The mean
differences of pH among 28-days survivor versus 28-day
non-survivor were statistically significant (p-0.001) while
the mean differences of PO2 between 28-day survivor ver-
sus 28-day non-survivor were found to be significant

(p-0.010). When comparing the mean differences of
APACHE II score between 28-survivor and 28-non-
survivor, it was found the difference was significant
(p-<0.001). Additionally, the mean differences of hemoglo-
bin (p-0.018), hematocrit (p-0.015), lactic acid (p-0.044) and
CRP (p-0.007) were all statistically significant (Table 4).

Univariate Logistic Regression Analysis to

Predict Survivor for Patients in ICU

A univariate logistic regression analysis was performed to
ascertain the effect of survival rate among selected clinical
parameters. Regressors included in the model such as
patients intubated, pH, PO2, APACHE II score, hemoglo-
bin, hematocrit, lactic acid and CRP. It showed that the
chances of non-survival rates were significantly higher in
non-intubated patients than intubated patients. The odds
ratio suggested that non-survival rate significantly
increases more than 7 times in intubated patients than
none-intubated patients (OR=7.049, p-0.002). We also
found out that a decrease in pH was significantly asso-
ciated with an increase of non-survival rates (OR=0.013,
p-0.006) whereas, increased PO2 was associated with an
increased survival rates (OR=1.005, p-0.032). Moreover,
an increased APACHE 1I score is likely to increase the
chance of non-survival rate. When APACHE II score
increases by one unit, then the chance of non-survival
rate significantly increases with 14% approximately
(OR= 1.136 95% CI (1.070-1.206) P value=<0.001). On
the other hand, a decreased of hemoglobin was associated
with increased non-survival rates. Odds ratio suggested
that increase in hemoglobin by one unit can reduce the
non-survival rate by 17% (OR=0.833, p-0.028). Decreased
hematocrit was associated with increased non-survival
rate. The change of non-survival rate reduces by approxi-
mately 6% when hematocrit increases with one unit
(P=0.029, OR=0.9421). This is CRP

(OR=0.913, p-0.011) (Table 5).

identical

Discussion

From the results, early administration of norepinephrine
led to an improvement in outcomes as indicated by survi-
val rate growth in patients who were admitted in the ICU
for both medical and surgical reasons for patients experi-
encing a septic shock. High mortality in the ICU units was
observed when patients received their norepinephrine
more than 2 hours after the admission to the intensive
care unit. A previous study by Permpikul et al established

submit your manuscript

146

Dove

Open Access Emergency Medicine 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Alshahrani and Alatigue

Table 4 Relationship Between Mortality Rate and Clinical Characteristics of Patients During Initial ICU Admission (n=197)

Factor 28-Day Survivor 28-Day Non-Survivor P-value
N (%) N (%)
(n=129) (n=68)
First Administration of Norepinephrine *
® ER 39 (30.2%) 26 (38.2%) 0.256
® |CU 90 (69.8%) 42 (61.8%)
Patient Intubated *
® Yes 82 (70.7%) 51 (94.4%) <0.001 **
® No 34 (29.3%) 03 (05.6%)
Mean t SD Mean * SD
Age in years ° 599 £ 213 59.2 + 19.1 0.855
MAP (mmHg) ° 80.3 £ 129 77.6 222 0.577
Heart Rate ° 98.0 + 20.9 100.0 + 32.2 0.536
Respiratory Rate ° 22.8 + 06.2 227 £ 053 0.755
ABG (Arterial Blood Gas) °
® PH 07.4 £ 0.11 07.3 £ 0.11 0.001 **
® PCO2 376 £ 11.6 359+ 112 0.309
e PO2 120.3 + 63.6 148.3 + 87.6 0.010 **
APACHE Il Score ° 15.6 £ 07.5 23.0 £ 07.6 <0.001 **
Electrolytes ®
® Sodium (Na) Level 1432 + 06.7 137.3 £ 25.7 0.130
® Potassium (K) Level 04.1 + 0.80 042 +01.4 0.643
Time of Norepinephrine administration (h) 014 £01.6 01.9 £ 02.1 0.053
Laboratory Results b
® Hemoglobin 10.3 + 02.1 09.4 £ 02.4 0.018 **
® Hematocrit 31.7 £ 06.6 29.0 + 06.8 0.015 **
e WBC 15.1 £ 08.1 229 + 328 0.484
® Platelet 227.5 £ 1522 208.0 £ 117.9 0.656
® Prothrombin in time 17.9 £ 08.0 20.2 + 094 0.113
® Creatinine (Serum) 02.1 £ 01.9 02.5 + 02.8 0.544
® BUN 38.7 + 329 35.9 + 349 0.366
® |Lactic Acid 03.9 £ 04.7 059 £ 06.5 0.044 **
® CRP 05.4 + 06.4 09.8 £ 07.7 0.007 **

Notes: *P-value has been calculated using chi-square test. ®P-value has been calculated using Mann Whitney U-test. **Significant at p<0.05 level.

Abbreviation: MAP, mean arterial pressure.

that early norepinephrine administration resulted in more
effective outcomes characterized by high survival rates
and reduction in mortality for patients in the emergency
department.® The current study found that the highest
survival rate was during 0-0.99 hours at 68.8% and
1-1.99 hours at 68.6%. These findings revealed that the
early administration of norepinephrine for patients’ in-
hospital gave the best outcomes in terms of reducing the

mortality rate and increasing survival rate. This study

established the effectiveness of norepinephrine for patients
with sepsis and septic shock under intensive care. This
multi-ICU unit study used in this research provided clear
outcomes on the value of early norepinephrine administra-
tion for the treatment of septic shock patients under inten-
sive care.

Similar findings were identified in Rahnema and Jones
study that reported effectiveness in the early intervention
of septic shock to patients within the emergency
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Table 5 Univariate Logistic Regression Analysis to Predict Non-
Survivor from the Clinical Characteristics of Patients During
Initial Admission to ICU (n=197)

Factor Odds Ratio 95% ClI P-value
Patient intubated

® Yes Ref

® No 7.049 2.058-24.142 0.002 **
pH 0.013 0.001-0.287 0.006 **
PO, 1.005 1.000-1.010 0.032 **
APACHE Il Score 1.136 1.070-1.206 <0.001 **
Hemoglobin 0.833 0.708-0.980 0.028 **
Hematocrit 0.941 0.891-0.994 0.029 **
Lactic Acid 1.070 0.997-1.148 0.060

Note: **Significant at p<0.05 level.
Abbreviation: Cl, confidence interval.

department under norepinephrine.’ Previous studies found
high effectiveness in the early administration of norepi-
nephrine, which improved the outcomes of patients
through increased survival rates and a decrease in the
mortality rate when norepinephrine was administered dur-
ing the first hours of intensive care.”” Furthermore, the
current study reported increased mortality when an hourly
delay in the administration of norepinephrine was
reported, which conforms to the previous findings. In the
retrospective study using a large dataset, the results indi-
cated that delays in the administration of norepinephrine
for patients in intensive care unit due to septic shock was
associated with a higher rate of mortality."> In similar
findings, Levy et al identified that delayed administration
resulted to increase in in-hospital mortality with a linear
increase in the risk of mortality for each time of delay in
norepinephrine administration.'® Similar findings were
identified in the current study, which found highest survi-
val rates when the norepinephrine for treatment of the
septic shock was provided in the first hours of admission
in the intensive care unit and reduction in case fatality
rates.'® These studies associated early norepinephrine
administration with a low mortality rate and increased
survival rates.

Ideally, similar linear findings were observed in the
current study where linear delay in increased mortality

in all the observational studies reviewed.!''>'*

rate
Watkins et al. further demonstrated that improvement in

outcomes through early norepinephrine intervention in

triage time or qualification of early goal-oriented therapy
was appropriate within the first three hours resulting in
high rates of survival and reduced rates of mortality.”
Other studies have also identified deterioration in patients’
outcomes and increased mortality for the length of stay,
lung injury, kidney failure, and organ failure due to delay
in initiation of the norepinephrine intervention.'":'*'* In
a larger multicenter study, hourly delay in the initiation of
the norepinephrine intervention was linked to increasing
in-facility mortality from the enrollment of the population
based on a random sample that used disease code.'?
However, a meta-analysis did not report the benefit of
immediate norepinephrine use for patients with septic
shock due to criticism over heterogeneity of the studies
included and limited use of norepinephrine with appropri-
ate microbial capabilities.'>'* Permpikul et al further iden-
tified the

norepinephrine administration on clinical outcomes for

link between time and initiation of
patients with severe sepsis.® Similar to the current study,
previous studies have collectively associated early initia-
tion of norepinephrine administration with increased sur-
vival rates and reduction in the mortality rates for sepsis
and septic shock.'?*!? The outcomes were more positive
whether the intervention for norepinephrine administration
was provided in the first hours of the admission in the
emergency department or the intensive care units.

The current study provides critical relationships
between early norepinephrine on survival rate and mor-
tality rates. Ability to compare survival and mortality
rates for different times enabled this research to deter-
mine that early norepinephrine administration could help
in reducing mortality rate and increasing survival rate.
The findings of the current study are highly applicable in
the development of evidence-based clinical guidelines on
measures to reduce mortality rate and increase survival
rate as the main goal of providers in the intensive care
setting. The study has demonstrated that early norepi-
nephrine administration could help save lives from sepsis
and septic shock when intervention is provided with
three hours of admission in ICU. However, the study
presents several important limitations. First, the study
design involved a retrospective observational study that
limits understanding of the precise relationship between
the administration of norepinephrine in time intervals
and impacts on survival and mortality rates in the inten-
sive care setting. Additionally, the study used a small
sample size that affects the ability to generalize the study
in the entire population. Also 46 cases we were missing
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their final outcome (mortality) and thus could’ve affect
the final outcome results. Also there was no data col-
lected on fluid management which could’ve effect the
overall outcome since under or over fluid resuscitation
may have a negative impact on the outcome. Therefore,
a larger multicenter cohort is recommended in future to
validate whether early norepinephrine administration
could decrease the mortality rate associated with septic
shock in patients within the intensive care setting.

Conclusions

The study aimed at evaluating the association between
early administration of norepinephrine in septic shock
and survival rate using a retrospective single-center obser-
vational study in a sample drawn from the Kingdom of
Saudi Arabia. Findings identify that early norepinephrine
administration was linked to a reduction in mortality rate
and improvement in survival rate for patients in intensive
care units for the treatment of sepsis and septic shock.
When the administration of norepinephrine was delayed,
there was an increase in mortality rate and decreased the
survival rate of patients. Therefore, early intervention for
norepinephrine administration to treat sepsis and septic
shock in admitted patients may improve the survival rate
of patients and reduce mortality in the intensive care units.
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