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Introduction: Septic shock is a global health issue causing high mortality rates in

intensive care units, with limited evidence in Africa, including Ethiopia, regarding

its incidence and predictors. The aim of this study was assess the incidence and

predictors of mortality among patients with septic shock admitted to the ICU of

Comprehensive Specialized Hospitals of the Northwest Amhara region.

Methods: A study involving 386 ICUpatientswith septic shock from2019 to 2023

was conducted using a random sampling method and structured data extraction

tool. Data was analyzed using EpiData and STATA, with variables selected for

multivariate analysis.

Result: The overall incidence rate of septic shock was 10.4 per 100-person day

of observationwith amedian survival time of 7, days and the proportion of deaths

during the study period was 58.29%. In multivariate Cox proportional regression

analysis, age 40–59 years (HR: 1.77, p = 0.005), age > 60 years (HR: 3.52, p <

0.001), delay ICU admission (HR: 1.93, p = 0.001), low MAP (HR: 2.56, p < 0.001),

comorbidity (HR: 2.74, p < 0.001), complication (HR: 1.87, p = 0.012), ALF (HR:

1.84, p = 0.037), no pathogen identification (HR: 1.69, p = 0.035) were found

significant predictors of mortality for patients with septic shock in the ICU.

Conclusion: The incidence of mortality in patients with septic shock admitted

to the ICU was high and the main predictors were age> 60 years, low

MAP, comorbidity, and delay ICU admission >6h, Hence, Early recognition

and appropriate treatment recommended by the International Sepsis Survival

Campaign guideline should be implemented.
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Background

Septic shock is defined as a subset of sepsis in which particularly
profound circulatory, cellular, and metabolic abnormalities are
associated with a greater risk of mortality. It is characterized
by hypotension, poor perfusion, lack of responsiveness to fluid
resuscitation, and the requirement for vasopressors to maintain a
normal range of blood pressure (BP) to keep mean arterial pressure
(MAP) above 65 mmHg (1). On a continuum of severity from
bad to worse, sepsis can range from the early phase that begins
with infection and bacteremia to sepsis and septic shock, leading
to multiple organ dysfunction syndrome and death (2).

Worldwide epidemiological data from systematic reviews
showed a varying incidence of 13 to 300/100,000 people and
11/100,000 people annually for severe sepsis and septic shock,
respectively (3). Every year, sepsis affects 31 million people
worldwide (4), and some studies showed that sepsis has an
incidence rate of 285 cases per 100,000 hospital admissions in
Taiwan (5).

Different studies carried out in the USA, Germany and The
Netherlands showed that the prevalence rates of sepsis among adult
patients in the ICU ranged between 6.3 and 53% (6–8). According
to a study, between 2010 and 2015, sepsis admissions increased
by two and a half times, from 3.9% to 9.4%, in three acute care
hospitals in the USA (9) and the study conducted in Brazil shows
that the incidences of severe sepsis and septic shock in ICU were 5
and 11.5%, respectively (10).

World Health Organization reports showed that ∼24 million
new cases of septic shock occur each year, and the burden of septic
shock is significantly greater in low- and middle-income nations
(11). The rate of septic shock-related deaths is still high and appears
to be increasing despite several therapeutic advances. Septic shock
was the most common reason for mortality for ICU patients in
ICU in the United States (9). One of the studies conducted in the
United Kingdom revealed that septic shock, which has a death
rate of 56%, affected 19.9% of patients referred to intensive care
units (12).

Septic shock is highly aggressive and can cause progressive
loss of function of several organs, but should be considered
reversible, especially if identified and treated early in its course
(13). In recent decades, the incidence and mortality of severe
sepsis and septic shock have increased despite breakthroughs in
our understanding of the pathophysiology, diagnosis, therapeutic
therapy, and supportive care (14). Further consequences may result
from septic shock. During their hospital stays, patients with sepsis

Abbreviations: AHR, adjusted hazard ratio; AKI, acute kidney injury; ALF, acute

liver failure; ARDS, acute respiratory distress syndrome; CHF, congestive heart

failure; CI, confidence interval; CKD, chronic kidney disease; CLD, chronic

liver disease; COPD, chronic obstructive pulmonary diseases; DM, diabetes

mellitus; DVT, deep vein thrombosis; GCS, Glasgow Coma Scale; HIV,

human immunodeficiency virus; ICU, intensive care unit; IQR, interquartile

range; KM, Kaplan–Meier; MAP, mean arterial pressure; ND, neurological

dysfunction; SICU, surgical intensive care unit; SOFA, sequential organ failure

assessment; UoGCSH, University of Gondar Comprehensive Specialized

Hospital; WBC, white blood cells; WHO, World Health Organization.

were more likely to develop secondary illnesses such as pneumonia
and bloodstream infections (15) and recurrent hospitalization (16).

The lengths of stay of patients in the ICU and in the hospital
can both increase due to sepsis and septic shock. It was discovered
that patients with sepsis had a hospital stay of 75% longer than
patients without sepsis. Sepsis’ potential to lead to organ failure
was one potential contributing element to this problem (17). A
German study showed high rates of acute and chronic death: 44.6%
of septic shock patients passed away during their hospitalizations,
and another 19.1% did so within the first year after diagnosis. The
predictors of an increase in mortality were age, nosocomial origin
of sepsis, diabetes, cerebrovascular disease, duration of stay in the
intensive care unit, and renal replacement therapy (18).

Most of the studies on septic shock were conducted in
developed countries. Sepsis, severe sepsis, and septic shock are
more common in developing countries, yet there are few studies
toward septic shock (19). A study conducted in two ICUs in
Rwanda shows that the mortality rate was 82.1% for septic shock
(20). According to a study carried out in Ethiopia, 26.5 out of 100
ICU admissions had sepsis or septic shock at the time of admission,
which includes a 50.9% mortality rate (21).

There is limited information on the outcome of patients with
septic shock admitted to the ICU in sub-Saharan African countries,
according to the ability of the researchers to search for studies.
Although septic shock has a highmortality rate in Africa, there is no
survival study on the incidence and predictors of mortality among
septic shock patients admitted to the ICU. Therefore, this study
aims to evaluate the incidence and predictors of mortality among
septic shock patients admitted to the ICU.

Methods

Study design and period

An institutional-based retrospective follow-up study was
conducted among patients with septic shock admitted to the ICU
from March 10, 2019, to March 9, 2023, and the data extraction
period was from April 10, 2023, to May 25, 2023.

Study setting

The study was carried out in comprehensive specialized
hospitals in northwest Amhara, Ethiopia. There are five
comprehensive specialized hospitals in North Amhara, namely
the University of Gondar, Debre Tabor, Tibebe Ghion, Felege
Hiwot and Debre Markos comprehensive specialized hospitals.
These hospitals are located at a distance of 727, 593, 490, 490, and
300 km, respectively, from Addis Ababa, the capital of Ethiopia.
The first adult ICU started at Felege Hiwot Comprehensive
Specialized Hospital in 2009 with three beds and two mechanical
ventilators. Then the University of Gondar Comprehensive
Specialized Teaching Hospital also started with four beds, two
mechanical ventilators, one defibrillator, and four noninvasive
monitors. Subsequently, it expanded into comprehensive
specialized hospitals Tibebe Ghion, Debre Markos, and Debre
Tabor in 2011, 2016, and 2020, respectively (22). Currently, a
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total of 51 functional adult ICU beds (22 in UoGCSH, 10 in
FHCSH, nine in TGCSH, four in DMCSH and six in DTCSH)
are available for critical patients. The ICUs offer a comparable
standard of care and are equipped with mechanical ventilators,
noninvasive patient monitoring machines, portable ultrasounds,
electrocardiograms, defibrillators, and infusion pumps. The ICUs
employ pulmonologists, anesthesiologists, neurologists, nurses,
general practitioners, and residents.

Population

All septic shock patients aged over 18 years who were admitted
to the ICU of comprehensive specialized hospitals in Northwest
Amhara from March 10, 2019, to March 9, 2023, were included
in the study. Those patients whose ICU follow-up time is <24 h
were excluded from the study due to incomplete records due to the
infeasibility of time for the history of essential information, which
is considered a variable of the study and another type of shock.

Sample size determination

The sample size for the primary objective was determined using
simple population proportions with the following assumptions:
50.9% incidence of death among patients with septic shock patients
in the ICU (21) with a 95% confidence level and a 5% error margin.
Depending on this assumption, the sample size for the primary
objective was calculated using the following formula:

(

z a2
)2
P (1− P)

d2
(1.96)2 0.509 (1− 0.509)

0.052
= 384 (1)

By adding a non-response rate of 10%, the final sample size
was 423.

Where n = sample size, Z = critical value of 95% CI = 1.96, p
= proportion of septic shock death among ICU admitted patients
(50.9%)= 0.509, and d = precision (marginal error)= 0.05.

The sample size for the secondary objective was calculated
using the double population proportion formula using Epi-info
version 7.2.2 taking into account the significant predictor variables
of related studies based on the following assumptions: two-sided
confidence level = 95%, power = 80% and the ratio of exposed
to non-exposed = 1:1 from a study conducted in Addis Ababa
(21). As a result, the proportion of mortality from septic shock
among males, comorbidity of cancer, and HIV among those who
were exposed and not exposed was used for each group, and a 10%
non-response rate was considered and the maximum sample size
was 209.

When comparing the sample sizes calculated for both
objectives, it was found that the sample size obtained from the
first objective (423) was the highest. Therefore, to get a maximum
sample size, the sample size calculated for the first objective was
used for the study.

Sampling technique and procedures

The study was carried out in all five comprehensive specialized
hospitals found in the Northwest Amhara district. A proportional
allocation of study participants was applied for each hospital. A
sampling frame was prepared by extracting the numbers of the
chart of patients with septic shock admitted to the ICU of each
hospital from March 10, 2019, to March 9, 2023, from the ICU
log book. A total of 423 patient charts were selected using random
numbers generated from the sample frame using STATA software
version 17 (Figure 1).

Operational definitions

• Septic shock: those patients admitted to the ICU with the
diagnosis of septic shock by physician decisions.

• Event: the occurrence of death during the follow-up period.
• Follow-up time: time from admission to the ICU to discharge

outcome (censored or death).
• Censored: those ICU-admitted patients with septic shock,

including survivors, who were discharged, transferred
to wards, and those who left against medical advice,
were censored.

• Comorbidity: the cooccurrence of one or more diseases or
medical conditions in patients according to the Charlson
Comorbidity Index (CCI) (23).

• Altered body temperature: temperature hyperthermia
(>38◦C) or hypothermia (<36◦C) (1).

• Altered white blood cell: white blood cell count >12,000/mm3

or <4,000/mm3 (1).
• Low hemoglobin level: baseline hemoglobin <9 g/dl.
• Hypoglycemia at admission: baseline blood sugar level

<70 md/dl.
• Organ dysfunction: organ failure related to septic shock

documented/diagnosed by a physician during admission.
• Pathogen identification: if patients have evidence of

microbiological culture tests by collecting samples from
suspected parts of the body.

• Incomplete chart: is missing baseline records such as date
of admission to the ICU and date of discharge for outcome
variables (discharge condition).

• Duration of the illness: the time from the time the patient
starts the illness to admission to the ICU.

• Delayed ICU admission: the time that elapsed or the waiting
time of patients who required ICU admission after being
diagnosed with septic shock until ICU admission in hours.

Data collection tools and procedures

A structured data abstraction tool was adapted from different
studies (18, 21, 24–27) and the International Sepsis Survival
Campaign guideline and used to obtain information from
patient charts. The checklist contained sociodemographic factors,
hospitalization-related factors, baseline clinical-related factors, and
treatment-related factors. All relevant data were retrospectively
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FIGURE 1

Schematic presentation of the sampling procedure used to select patients with septic shock admitted to the ICU of comprehensive specialized

hospitals in the northwest of Amhara, Ethiopia, 2023.

collected from April 10, 2023, to May 25, 2023, from patient charts
by trained nurses and supervised by a BSc nurse. The investigator
was responsible for supervising the data collection and facilitating
the process. The data collection process was examined every day.

Data quality control

A preliminary review of the chart was performed on 21 (5%)
of the ICU patient charts at UoGCSH to ensure the availability
of variables on the patient’s chart. Based on the preliminary chart
review findings, necessary corrections and modifications were
made to the data extraction checklist prior to actual data collection.
Before the data collection process started, a 1-day training was
given to the data collectors and supervisor before the start of the
data collection period on how to collect data, and the completeness
and accuracy of the collected data was checked on the same day of
collection. Before analyzing the data, any data errors were cleaned
and the analysis of missing data was performed using STATA
software to identify missing variables and determine the types of
missing data.

Data processing and analysis

The data was coded and entered using EpiData version 4.6.6
statistical software, then exported to STATA version 17 for analysis.
The descriptive statistics of the different variables were presented by
frequency, cross-tabulation, pie chart, and bar chart. The outcome
of each participant was dichotomized into censored and event.
Incomplete data <15% of the record were managed with the

assumption of mean and mode imputation after determining that
the missing data were completely random. During the entire
follow-up period, the incidence rate of mortality was calculated.
To describe the cumulative probability of death and the median
survival time, the Kaplan–Meier curve (KM) was used. The
Kaplan–Meier survival curve (KM) and the log-rank test method
were implemented to test the occurrence of differences in the
probability of death between groups. The proportional hazard
assumption was checked by the Schoenfeld residual test and was
satisfied (the p-value of each variable ranges from 0.1127 to 0.9736
and the global test result was 0.9702, which was insignificant).
Multicollinearity was checked by variance inflation factors. Cox
proportional-hazard regression was used to explore the association
between each independent variable and the outcome variable. The
fitness of the model was checked by the Cox-Snell residual test.
Variables that had a p-value < 0.2 in the bivariate analysis were
entered into the multivariate analysis and the adjusted hazard ratio
(AHR) with a 95% confidence interval (CI) was calculated to assess
the strength of the association. Variables with a p-value of 0.05
are considered statistically significant predictors of the incidence
of septic shock.

Result

Sociodemographic characteristics of the
study participants

A total of 423 charts were retrieved and 386 were found
complete, giving a response rate of 91.3%. The mean age of the
study participants during follow-up initiation was 45 ± 17 years.
The most common age group affected by septic shock 159 (41.2%)
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TABLE 1 Sociodemographic characteristics of patients with septic shock

admitted to the ICU in Comprehensive Specialized Hospitals of Northwest

Amhara, Ethiopia, 2023.

Variables Category Total
(N = 386)

Outcomes

Death
(N = 225)

Censored
(N = 161)

Age 18–39 159 (41.2%) 70 (44%) 89 (56%)

40–59 122 (31.6%) 61 (50%) 61 (50%)

≥60 105 (27.2%) 94 (89.5%) 11 (10.5 %)

Sex Male 199 (51.6%) 120 (60.3%) 79 (36.7%)

Female 187 (48.4%) 105 (51.1%) 82 (43.9%)

Residence Urban 182 (46.9%) 85 (46.7%) 97 (53.3%)

Rural 204 (53.1%) 140 (68.6%) 64 (31.4%)

were those aged 18 to 39 years. Approximately 199 (51.6%) were
male and more than half of the 204 (53.1%) study participants were
rural residence. Among the study participants, those patients over
60 years experienced more deaths 94 (89.5%) than other groups
(Table 1).

Hospitalizations-related characteristics of
the study participants

Among those patients with septic shock admitted to the ICU,
107 (27.2%) were admitted from a medical emergency and 70
(18.1%) from the medical ward. About 70 (18.7%) of the study
participants had a history of more than seven days of illness before
admission to the ICU. Regarding admission delay, more than half
204 (52.8%) of the study participants were delayed admission to the
ICU for more than 6 h (Table 2).

Clinical-related characteristics of study
participants

Baseline clinical characteristics of study
participants

Approximately 228 (59.1%) patients with septic shock admitted
to the ICU had lowMAP (<65 mmHg) at admission. One hundred
seventy-nine (46.4%) of them had hypoxia, and 140 (36.3%) were
admitted with a GCS level of <9. More than half 217 (56.2%) of
the study participants were tachycardic, and almost half of them
had a low baseline hemoglobin level of 191 (49.5%) at admission
(Table 3).

Baseline history and clinical characteristics of
study participants

Approximately half 197 (51%) of the study participants had
comorbidities, and 57 (28.9%) of them had multiple comorbidities.
Hypertension was the largest of 58 (29.4%) comorbid diseases.
During admission to the ICU, more than three-quarters 318

(82.4%) of the patients had acute organ failure related to septic
shock, and respiratory and cardiovascular failure were the most
frequent acute organ failures 142 (44.7%) and 131 (44.2%),
respectively. During ICU follow-up, 252 (65.3%) of the study
participants developed complications or new organ failure during
their ICU stay, and 76 (30.2%) of them had multiple complications.
ARDS 85 (33.7%) and AKI 82 (32.5%) were the most frequent types
of complications, respectively, during stays in the ICU (Table 4).

Treatment-related characteristics of study
participants

About 234 (60.2%) patients with septic shock started on
vasopressors before admission to the ICU. Adrenaline and
dopamine were the most frequent vasopressors during stays in the
ICU, at 195 (85%) and 145 (41.7%), respectively. Of the patients,
337 (87.3%) were treated with a combination (more than two types)
of antibiotic treatment and 71 (18.4%) of patients with septic shock
had evidence of pathogen identification during the ICU follow-up
time (Table 5).

Discharge conditions of septic shock
patients admitted to the ICU

According to the current study, the proportion of death among
patients with septic shock admitted to the ICU was 58.29%
(Figure 2).

Mortality incidence among patients with septic
shock patients

During the follow-up period, 225 patients with septic shock
admitted to the ICU died, making the overall incidence density
rate of death 10.4 per 100 person-day observation at 95% CI
(9.10–11.8) and the median survival time was 7 days (IQR of
4–12 days). The total follow-up time for this cohort was 2,169
days, with a median follow-up time of 5 days (IQR of 3–7
days). Minimum and maximum follow-up times were 1 and 27
days, respectively. Among the deaths reported, nearly two-thirds
of the 151 (61.1%) mortality was observed in the first weeks
after admission to the ICU and 206 (85.6%) deaths occurred
during the last 2 weeks of admission. The cumulative probability
of death at the end of the first, fifth, 10th, 15th, and 20th
days was 5%, 42.4%, 74%, 88.3%, and 95.3%, respectively. The
proportion of death among septic shock patients admitted to
the ICU during the follow-up period was 58.29% with 95% CI
(53.3, 63.1).

Kaplan–Meier failure curve was used to describe the median
survival time and the cumulative probability of death during the
follow-up period (Figure 3).

Kaplan–Meier curve with logarithmic rank test
Patients between the ages of 18 and 39 had a longer survival

time (12 days), according to the Kaplan–Meier failure curve
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TABLE 2 Hospitalization-related factors of septic shock patients admitted to the ICU in Comprehensive Specialized Hospitals of Northwest Amhara,

Ethiopia, 2023.

Variables Category Total (N = 386) Outcomes

Death (N = 225) Censored (N = 161)

Admitted to ICU from Medical emergency 107 (27.2%) 75 (70.1%) 32 (29.9%)

Surgical emergency 52 (13.5%) 33 (63.5%) 19 (36.5%)

Medical ward 70 (18.1%) 47 (67.1%) 23 (32.9%)

Surgical ward 62 (16.1%) 31 (50%) 31 (50%)

Gyne obs 38 (9.8%) 13 (34.2%) 25 (65.8%)

OR/recovery 57 (14.8%) 26 (45.6%) 31 (54.4)

Duration of illness before ICU ≤7days 314 (81.3%) 167 (53.2%) 147 (46.8%)

>7 days 72 (18.7%) 58 (80.6%) 14 (19.4%)

Delay in ICU admission Within 6 h 182 (47.2%) 48 (26.4%) 134 (73.6%)

More than 6 h 204 (52.8%) 177 (86.8%) 27 (13.2%)

TABLE 3 Clinical characteristics related to septic shock patients admitted to the ICU of Comprehensive Specialized Hospitals of Northwest Amhara,

Ethiopia, 2023.

Variables Category Total (N = 386) Outcomes

Death (N = 225) Censored (N = 161)

MAP (mmHg) <65 228 (59.1%) 199 (87.3%) 29 (12.7%)

>65 158 (40.9%) 26 (16.5%) 132 (83.5%)

Tachypneic at admission Yes 240 (62.3%) 148 (61.7%) 92 (38.3%)

No 146 (37.8%) 77 (52.7%) 69 (47.3%)

Tachycardic at admission Yes 217 (56.2%) 150 (69.1%) 67 (30.9%)

No 169 (43.9%) 75 (44.4%) 94 (55.6%)

Altered body T0 Yes 236 (61.4%) 160 (67.8%) 76 (32.2%)

No 150 (38.9%) 65 (43.3%) 85 (56.7%)

Low oxygen saturation at
admission

Yes 179 (46.4%) 129 (72.1%) 50 (27.9%)

No 207 (53.6%) 96 (46.4%) 111 (53.6%)

GCS score at admission <9 140 (36.3%) 125 (89.3%) 15 (10.7%)

9–12 95 (24.6%) 53 (55.8%) 42 (44.2%)

13–15 151 (39.1%) 47 (31.1%) 104 (68.9%)

Altered WBC Yes 232 (60.1%) 150 (64.7%) 82 (35.3%)

No 154 (39.9%) 75 (48.7%) 79 (51.3%)

Hypoglycemic Yes 134 (34.7%) 110 (82.1%) 24 (17.9%)

No 252 (65.3%) 115 (45.6%) 137 (54.4%)

Thrombocytopenic Yes 138 (35.8%) 108 (78.3%) 30 (21.7%)

No 248 (64.2%) 117 (47.2%) 131 (52.8%)

Low baseline hemoglobin Yes 191 (49.5%) 130 (68.1%) 61 (31.9%)

No 195 (50.5%) 95 (48.7%) 100 (51.3%)

combined with the logarithmic rank test, compared to patients over
the age of 60 (4 days) and those between 40 and 59 (6 days). The
mortality incidence density rate among patients over 60 years of

age, 40–59 years of age and 18–39 years of age was 22.2, 10.4, and
6.02 per 100 person days, respectively, without adjusting for other
covariates (Figure 4).
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TABLE 4 Baseline history and ICU-related clinical characteristics of septic shock patients admitted to the ICU in Comprehensive Specialized Hospitals of

Northwest Amhara, Ethiopia, 2023.

Variables Category Total (N = 386) Outcomes

Death (N = 225) Censored (N = 161)

Presence of comorbidity Yes 197 (51%) 152 (77.2%) 45 (22.8%)

No 189 (48.9%) 73 (38.6%) 116 (61.4%)

Types of comorbidities (N = 197)

Diabetic mellitus 43 (21.8%) 33 (76.7%) 10 (23.3%)

Heart failure 24 (12.2%) 17 (73.9%) 7 (26.1%)

Chronic liver diseases 32 (16.2%) 26 (81.3%) 6 (18.7%)

Hypertensive 58 (29.4%) 41 (70.7%) 17 (29.3%)

Chronic kidney diseases 21 (10.7%) 12 (57.1%) 9 (42.9%)

HIV/AIDS 51 (25.9%) 27 (52.9%) 24 (47.1%)

Others∗ 38 (19.3%) 33 (86.8%) 5 (13.2%)

No. of comorbidities (N = 197) One 140 (71.1%) 121 (86.4%) 19 (13.6%)

≥2 57 (28.9%) 31 (54.4%) 26 (45.6%)

Presence of organ failure at ICU
admission

Yes 318 (82.4%) 207 (65.1%) 111 (34.9%)

No 68 (17.6%) 18 (26.5%) 50 (73.5%)

Types of organ failures at ICU admission (N = 318)

Respiratory failure 142 (44.6%) 109 (76.8%) 33 (23.2%)

Acute kidney injury 123 (39.7%) 84 (68.3%) 39 (31.7%)

Neurological dysfunction 58 (18.2%) 42 (72.4%) 16 (27.6%)

Acute liver failure 48 (15.1%) 31 (64.6%) 17 (35.4%)

Cardiovascular failure 131 (41.2%) 99 (75.6%) 32 (24.4%)

Number of pre-existing organ
failure (N = 318)

One 168 (52.8%) 84 (50%) 84 (50%)

≥2 150 (47.2%) 124 (82.7%) 26 (17.3%)

Presence of complications during
ICU stay

Yes 252 (65.3%) 197 (78.2%) 55 (21.8%)

No 134 (34.7%) 28 (20.9%) 106 (79.1%)

Type of complication (N = 252)

Acute kidney injury 82 (32.5%) 62 (75.6%) 20 (24.4%)

ARDS 85 (33.7%) 70 (82.4%) 15 (17.6%)

Neurological dysfunction 47 (18.7%) 45 (95.7%) 2 (4.3%)

Acute liver dysfunction 24 (9.5%) 20 (83.3%) 4 (16.7%)

Congestive heart failure 38 (15.1%) 36 (94.7%) 2 (5.3%)

Pneumonia 43 (17.1%) 26 (60.5%) 17 (39.5%)

Others∗∗ 16 (6.3%) 11 (69%) 5 (31%)

No. of complications One 176 (69.8%) 130 (73.9%) 46 (26.1%)

≥2 76 (30.2%) 67 (88.2%) 9 (11%)

ARDS, cute respiratory distress syndrome.

Total percentages are > 100% due to multiple responses (multiple comorbidity, multiple organ failure, and multiple complications).
∗Malaria, Tuberculosis, epileptic, Cancer, COPD, Tetanus.
∗∗Electrolyte disturbances.
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TABLE 5 Treatment-related characteristics of septic shock patients admitted to the ICU in Comprehensive Specialized Hospitals of Northwest Amhara,

Ethiopia, 2023.

Variables Category Total (N = 386) Outcomes

Death (N = 225) Censored (N = 161)

Started vasopressors before ICU Yes 234 (60.2%) 166 (71%) 68 (29.1%)

No 152 (39.4%) 59 (38.8%) 93 (61.2%)

Vasopressors used during ICU
stayed

Yes 347 (89.9%) 208 (59.9%) 139 (40.1%)

No 39 (10.1%) 17 (43.6%) 22 (56.4%)

Type of vasopressors used (N = 347)∗

Noradrenaline 35(10.1%) 27 (77.1%) 8 (22.9%)

Adrenaline 295(85%) 179 (60.7%) 116 (39.3%)

Dopamine 145(41.7%) 90 (62.1%) 55 (37.9%)

Dobutamine 8(2.3%) 6 (75%) 2 (25%)

No. of vasopressors (N = 347) Single 216 (62.2%) 118 (54.6%) 98 (45.4%)

≥2 131 (37.8%) 90 (68.7%) 41 (31.3%)

Mechanical ventilation (N = 386) Yes 205 (53.1%) 154 (75.1%) 51 (24.9%)

No 181 (46.9%) 71 (39.1%) 110 (60.8%)

DVT prophylaxis Yes 115 (29.8%) 94 (81.7%) 21 (18.3%)

No 271 (70.2%) 131 (48.3%) 140 (51.7%)

Ulcer prophylaxis Yes 221 (57.3%) 157 (71%) 64 (29%)

No 165 (42.7%) 68 (41.2%) 97 (58.8%)

Dialysis Yes 68 (17.6%) 39 (53.4%) 29 (42.6%)

No 318 (82.4%) 186 (58.5%) 132 (41.5%)

Corticosteroids Yes 346 (86.6%) 211 (61%) 135 (39%)

No 40 (10.4%) 14 (35%) 26 (65%)

Approach to antibiotic treatment Combination 337 (87.3%) 144 (42.7%) 193 (57.3%)

Monotherapy 49 (12.7%) 17 (34.7%) 32 (65.3%)

Pathogen identification Yes 71 (18.4%) 23 (32.4%) 48 (67.6%)

No 315 (81.6%) 202 (64.1%) 113 (35.9%)

∗Total percentages are > 100% due to multiple vasopressor users.

FIGURE 2

Outcome of patients with septic shock admitted to Comprehensive Specialized Hospitals of Northwest Amhara, Ethiopia, 2023.

Frontiers inDisaster and EmergencyMedicine 08 frontiersin.org

https://doi.org/10.3389/femer.2024.1405753
https://www.frontiersin.org/journals/disaster-and-emergency-medicine
https://www.frontiersin.org


Ayenew Mekuria et al. 10.3389/femer.2024.1405753

FIGURE 3

The Kaplan Meier failure curve for septic shock patients admitted to Comprehensive Specialized Hospitals of Northwest Amhara, Ethiopia, 2023.

FIGURE 4

The Kaplan-Meier failure curve by age for patients with septic shock patients.

Cox proportional hazard assumption test
The cox proportional hazard assumptions were tested for each

predictor’s variable by using the Schoenfeld residual test. The global
test was carried out and it was found that it was insignificant (the
p-value of each variable ranged between 0.1174 and 0.9736, and the
overall global test was met (p-value= 0.9702; Table 6).

The hazard function closely follows the 45-degree line, as
demonstrated by the Cox-Snell residual plot, indicating that the
model’s goodness of fitness was met. The final model thus had good
data fitting (Figure 5).

Predictors of death among septic shock
patients admitted to the ICU

Before starting the Cox proportional hazard regression model,
all variables were checked for multicollinearity, and those variables
that had variance inflation factors >10 were excluded. Then
all variables were entered into the bivariate Cox proportional

hazard regression model. All variables that had (p-value <

0.2) on bivariable analysis were entered into the multivariate
Cox proportional hazard regression model. Based on this, age,
sex, residence, delay in ICU admission, duration of the illness,
low MAP, tachycardia, altered bod T0, hypoxia, GCS level,
hypoglycemia, thrombocytopenia, low hemoglobin, comorbidity,
type of comorbidity (DM,HF, andHTN), presence of complication,
type of complication (ARDS, ND, and ALF), vasopressors
before the ICU and pathogen identification were candidates for
multivariate analysis. However, only seven variables were found to
be predictors of septic shock mortality. These variables were age,
delay in admission to the ICU, low MAP, comorbidity, presence of
complications, acute liver failure, and pathogen identification.

The risk of death among septic shock patients aged 40–59 and
those over 60 years was 1.77 times (AHR = 1.77, 95% CI: 1.18,
2.66) and 3.5 times (AHR = 3.52, 95% CI: 2.31, 5.35) higher than
among those aged between 18 and 39 years, respectively. Similarly,
the death risk among patients with septic shock who had delayed
admission to the ICU for more than 6 h was nearly 2 times (AHR
= 1.93, 95% CI 1.33, 2.80) higher compared to those admitted
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TABLE 6 Schoenfeld residual test for patients with septic shock admitted to the ICU of the Comprehensive Specialized Hospitals of Northwest Amhara,

Amhara, Ethiopia, 2023.

Predictors Rho chi2 df Prob > chi2

Age 0.00698 0.01 1 0.9137

Sex 0.07429 1.62 1 0.2033

Residence 0.03130 0.24 1 0.6212

Delay ICU admission −0.09099 1.87 1 0.1718

Duration of illness before ICU 0.03475 0.32 1 0.5735

MAP −0.03064 0.25 1 0.6140

Tachycardic 0.03611 0.33 1 0.5639

Altered body T0 −0.07425 1.59 1 0.2074

Hypoxia −0.01608 0.07 1 0.7845

GCS level 0.03714 0.37 1 0.5430

Hypoglycemic 0.04803 0.58 1 0.4468

Thrombocytopenia 0.02665 0.19 1 0.6619

Low hemoglobin −0.07065 1.27 1 0.2594

Comorbidity 0.03639 0.33 1 0.5675

Diabetic mellitus 0.10090 2.52 1 0.1127

Heart failure 0.00963 0.02 1 0.8782

Hypertensive −0.05533 0.71 1 0.3978

Presence organ failure −0.08140 1.59 1 0.2078

Respiratory failure −0.07157 1.48 1 0.2241

Neurologic failure −0.07562 1.56 1 0.2120

Presence of complications −0.00210 0.00 1 0.9736

ARDS −0.00630 0.01 1 0.9188

Neurologic failure 0.01743 0.08 1 0.7797

Acute liver failure −0.04202 0.47 1 0.4918

Congestive heart failure 0.01765 0.08 1 0.7814

Vasopressor before ICU −0.00828 0.02 1 0.8939

Pathogen identification 0.01389 0.05 1 0.8261

Global test 14.95 27 0.9702

Rho, spearman correlation; df, degree of freedom; Prob > chi2 , p-value.

in <6 h. Patients with septic shock who had low MAP during
admission to the ICU were 2.45 times (AHR = 2.45, 95% CI 1.53,
3.94) than their counterparts. Likewise, the risk of death among
septic shock patients who had comorbidity was 2.7 times higher
(AHR = 2.74, 95% CI: 1.81, 4.15) than among those who did not
have comorbidity. Furthermore, the risk of death among patients
who developed complications was 1.8 times (AHR = 1.867, 95%
CI 1.146, 3.04) higher than among those who did not develop
complications and having ALF complications increased the risk of
death by 1.8 times (AHR = 1.84, 95% CI 1.04, 3.27) Furthermore,
the risk of death among patients who did not have pathogen
identification was nearly 1.69 times (AHR= 1.69, 95% CI 1.04,
2.76) higher than among those who have pathogen identification
(Table 7).

Discussion

According to the current study, the incidence density rate of
mortality in patients with septic shock in the study was 10.4 per
100 person days of observation at 95% CI (9.10–11.8), and the
median survival time was 7 days (IQR 4–12 days). The proportion
of deaths among septic shock patients admitted to the ICU during
the follow-up period was 58.29%, with a 95% CI of 53.3 to 63.1.

The result of this study is consistent with the study done in
France (54.4%) (28). The reason behind this consistency could be
because the study design they used and similar follow up time also
increased the proportion of deaths, which may make it consistent
with the current study. Most of their study participants had acute
respiratory failure (83.6%) at admission compared to the current
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FIGURE 5

Nelson-Aalen cumulative hazard graph against Cox-Snell residual in patients with septic shock in the ICU of Comprehensive Specialized Hospitals of

Northwest Amhara, Ethiopia, 2023.

study (44.6%), and the patients were followed for 28 days even after
being discharged from the ICU.

This finding is higher than the study conducted in Addis Ababa,
which found that the overall ICU and the 28 days of mortality
from sepsis and septic shock were 41.8 and 50.9%, respectively.
The reason for this higher figure could be due to the severity of
the case, as the study conducted in Addis Ababa included both
sepsis (62%) and septic shock. In the current study, most of the
participants had multiple organ dysfunction (47.2%) compared to
the study conducted in Addis Ababa (21). Another reason for the
difference could be that our study period was longer than theirs, as
they mentioned in their limitations.

Furthermore, the findings of this study were higher than those
of the study conducted in Germany (44.3%) (7), two studies
in China (33.5%, 39%) (12, 29), Britain (44.2%) (30), a study
conducted in five Asian countries (44.3%) (31), Pakistan (51.1%)
(32), and a study conducted in North America (37.3%) (33). This
higher mortality rate could be the result of delayed diagnosis
or treatment, a lack of resources, a variation in the setting up
of the ICU, poor service, or lack of early treatment such as
vasopressors, as evidenced by the fact that 39.4% of the participants
in our study did not take vasopressors before admission to the
ICU. An inappropriate choice of drug may be one of the causes.
International guidelines for the treatment of sepsis and septic shock
(34) recommended norepinephrine as a first-line drug, but this
study shows that more than three-quarters (76.2%) of patients took
adrenaline as a first-line drug. It may be due to a lack of access to
the drugs, which patients may not be able to afford, or it may be due
to a registration problem that needs further study.

However, the result is lower than recent studies conducted in
Croatia (63.4%) (35) and Rwanda (82.9%) (36). The reason behind
this may be that the study conducted in Croatia included both
septic shock patients admitted to the ICU and those patients who
developed septic shock during their stay in the ICU, which may
increase the result. Those patients who developed septic shock in
the ICU (nosocomial infection) had more fatalities than those with
community-acquired septic shock (37). The study conducted in
Rwanda had fewer ICU beds (11 beds) than the current study,

which may prolong the stay to admit patients to the ICU, and
patients can deteriorate due to a lack of adequate care. Additionally,
fewer people used vasopressors (32%) and mechanical ventilators
(46.4%) during the study period than in the current study,
suggesting a lack of resources relative to this study environment.
HIV comorbidity was alsomore prevalent (19%) than in the current
study, which can increase the mortality rate.

In another way, the finding of this study is lower than the
studies in India (65.7%) (38) and Croatia (72.1%) (39), because the
study conducted in India included only those patients who met
the definition of septic shock of the criteria of sepsis 3 criteria
(34); therefore, the severity of the diseases may not be the same
as in the current study, and may be due to the nature of the
prospective observational study designs they used that decrease
the underestimation of the result. The study conducted in Croatia
also followed a prospective study for 6 years and included those
patients who developed septic shock in the ICU, which can increase
the proportion of mortality. The presence of a high proportion
of COPD can increase septic shock mortality, and those patients
who develop septic shock after admission to the ICU are significant
causes of mortality that were not included in the current study.

This study found that being younger had a preventive
association with the mortality of septic shock in the ICU. Those
patients older than 40 years have a higher mortality rate from
septic shock in the ICU. Keeping other variables constant, those
septic shock patients aged more than 60 years have three and a
half times the hazard of death compared to those aged between
18 and 39 years, and those patients aged between 40 and 59
years also have a 1.77 times hazard of death compared to those
aged between 18 and 39 years. This finding was supported by
the studies conducted in India (38), France (28), and America
(24). This may be due to comorbidities related to aging and
the medical, social, and financial resources involved. According
to a study in Morocco (40), being older increases septic shock
due to multiple comorbidities and drugs they use, decreases
endocrine dysfunction, increases the risk of colonization by gram-
negative bacteria in the elderly, and decreases immunity as
age increases.
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TABLE 7 Bivariate and multivariate Cox proportional hazards regression analysis of mortality predictors among patients with septic shock admitted to

the ICU of the Comprehensive Specialized Hospitals of Northwest Amhara, Ethiopia, 2023.

Variables Category Outcome CHR (95% CI) AHR (95% CI) p-value

Death Censored

Age 18–39 70 89 1 1

40–59 33 61 2.27 (1.58, 3.25) 1.77 (1.18, 2.6) 0.005∗

≥60 94 11 5.21 (3.73, 7.28) 3.52 (2.31, 5.35) 0.001∗∗

Sex Female 105 82 1 1

Male 120 79 1.2 (0.92, 1.56) 1.23 (0.90, 1.69) 0.187

Residence Urban 85 97 1 1

Rural 140 64 1.38 (1.06, 1.82) 0.80 (0.59, 1.08) 0.152

Delay ICU admission ≤6 h 48 134 1

>6 h 177 27 3.57 (2.59, 4.91) 1.93 (1.33, 2.81) 0.001∗∗

Duration of illness ≤7days 167 147 1 1

>7days 58 14 1.4 (1.04, 1.89) 1.13 (0.80, 1.57) 0.491

MAP (mmHg) >65 26 132 1 1

<65 199 29 4.8 (3.20–7.26) 2.45 (1.53, 3.93) 0.001∗∗

Tachycardic at admission No 75 94 1 1

Yes 150 67 1.4 (1.09–1.89) 1.10 (0.81, 1.49) 0.523

Altered body TO No 65 85 1 1

Yes 160 76 1.3 (0.99–1.78) 1.12 (0.80, 1.56) 0.50

Low oxygen saturation No 96 111 1 1

Yes 129 50 1.86 (1.4–2.41) 1.35 (0.95, 1.90) 0.118

GCS level at admission 13–15 47 104 1 1

9–12 53 42 2.1 (1.15–3.19) 1.30 (0.82, 2.06) 0.263

<9 125 15 3.8 (2.71–5.36) 1.46 (0.96, 2.22) 0.074

Hypoglycemic at admission No 115 137 1 1

Yes 110 24 1.59 (1.2–2.07) 0.97 (0.70, 1.34) 0.846

Thrombocytopenic No 117 131 1 1

Yes 108 30 1.42 (1.1–1.84) 1.27 (0.95, 1.70) 0.110

Low baseline Hgb level No 95 100 1 1

Yes 130 61 1.4 (1.05–1.78) 0.91 (0.73, 1.33) 0.938

Comorbidity No 73 116 1 1

Yes 152 45 4.92 (3.6–6.79) 2.73 (1.81, 4.13) 0.001∗∗

Diabetic mellitus No 192 152 1 1

Yes 33 10 1.9 (1.3–2.78) 0.73 (0.51, 1.2) 0.261

Heart failure No 208 154 1 1

Yes 17 7 2.15 (1.3–3.55) 1.09 (0, 63, 1.89) 0.758

Hypertensive No 183 144 1 1

Yes 41 17 1.98 (1.40–2.8) 1.03 (0.7, 1.52) 0.864

Organ failure at admission No 18 50 1 1

Yes 207 111 1.8 (1.13–2.96) 0.75 (0.43, 1.32) 0.323

Respiratory failure No 116 128 1 1

(Continued)
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TABLE 7 (Continued)

Variables Category Outcome CHR (95% CI) AHR (95% CI) p-value

Death Censored

Yes 109 33 1.7 (1.32–2.23) 1.16 (0.81, 1.67) 0.421

AKI No 126 129 1 1

Yes 99 32 1.47 (1.13–1.9) 0.96 (0.67, 1.37) 0.817

Complication in the ICU No 28 106 1 1

Yes 197 55 2.94 (1.97–4.37) 1.86 (1.15, 3.04) 0.012∗

ARDS No 155 146 1 1

Yes 70 15 1.34 (1.02–1.8) 1.23 (0.88, 1.74) 0.222

Neurologic dysfunction No 180 159 1 1

Yes 45 2 1.6 (1.18–2.25) 1.43 (0.97, 2.09) 0.065

Acute liver failure No 205 157 1 1

Yes 20 4 2.0 (1.27–3.21) 1.84 (1.03, 3.27) 0.037∗

Congestive heart failure No 189 159 1 1

Yes 36 2 2.48 (1.7–3.56) 1.44 (0.94, 2.23) 0.097

Vasopressors before ICU No 59 93 1 1

Yes 166 68 1.5 (1.12–2.03) 1.08 (0.77, 1.52) 0.634

Pathogen Identification Yes 23 48 1 1

No 202 113 2.36 (1.53–3.6) 1.69 (1.03, 2.76) 0.035∗

AHR, adjusted hazard ratio; AKI, acute kidney injury; ARDS, acute respiratory stress syndrome; CHR, crude hazard ratio; CI, confidence interval; IC, intensive care unit; GCS, Glasgow Coma

Scale; MAP, mean arterial pressure.
∗∗p-value < 0.001.
∗p-value < 0.05.

The risk of death among patients who delayed admission
to the ICU for more than 6 h after septic shock was diagnosed
was nearly twice that of those who did not. The current study
showed that half of the patients were delayed in being admitted
to the ICU. This may be due to the scarcity of beds in the ICU
or problems with early consultation with the ICU physician, or
patients may not be willing to admit themselves to the ICU due
to affordability, as evidenced by 15.3% of lost follow-up in this
study, and some patients may not have a good attitude toward
admission to the ICU (fear of admission to the ICU) that needs
further study. This finding was consistent with a study conducted
in the United Kingdom (41). Evidence showed that demand for
ICU beds is increasing worldwide, delays in ICU admission are
becoming a more frequent problem, and critically ill patients
show further physiological deterioration and an increase in organ
dysfunction while waiting for an ICU bed to become available. The
treatment guidelines of the International Sepsis Survival Campaign
recommend that patients with sepsis and septic shock are admitted
to the ICU within 6 h of diagnosis (34). The study conducted in
the USA supported this finding, as∼33.5% of septic shock patients
admitted to the emergency department were referred to the ICU,
with amedian time delay of 24 (12 48) h. Training in health care can
alleviate the problem of early diagnosis and decrease the time delay
for patients with septic shock patients arriving at the ICU (13).

According to the findings of this study, nearly 60% of the
patients had lowMAP during admission to the ICU. Keeping other
variables constant, the risk of death among patients with low MAP

(<65 mmHg) was 2.45 times higher than among those with high
MAP (>65 mmHg). This is because low mean arterial pressure can
cause decreased perfusion to vital organs, which can cause multiple
organ failures. This was supported by the international definition of
Sepsis 3 of sepsis and septic shock, as was the presence of low MAP
and low serum lactate levels (<2mmol/L), which increased hospital
mortality rates by >40%. Vasopressors were required to maintain
a mean arterial pressure of 65mm Hg or greater and a serum
lactate level >2 mmol/L (>18 mg/dl) (1). The study conducted
in Cameroon also supports the current study (37). Most of our
setup used systolic blood pressure, but some studies suggested that
it was better to use MAP for septic shock care (34). A proper
mean arterial pressure titration in the early stages of treatment for
patients with sepsis and septic shock corresponds to a successful
outcome. Adequate mean arterial pressure is a crucial prerequisite
for tissue and organ perfusion and is maintained throughout the
treatment of sepsis patients (42).

The presence of comorbidities was also another independent
predictor of mortality. The risk of death among patients with
comorbidities was 2.7 times higher compared to their counterparts.
This study was supported by studies conducted in Addis Ababa,
Vietnam, Pakistan, and Germany that found chronic comorbid
medical conditions present in 53%−64% of all patients with
septic shock, which strongly affect critically ill patients with
sepsis and septic shock patients (18, 21, 43, 44). The study
showed that half of the patients had comorbidities such as
diabetes mellitus, heart failure, hypertension, chronic liver diseases,
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chronic kidney disease, HIV/AIDS during admission to the ICU,
among others.

The presence of complications or new organ failure during the
follow-up of the ICU, such as ARDS, neurological dysfunction,
acute liver failure, and congestive heart failure, increased the risk of
death nearly two times compared to those without complications.
Specifically, patients who had acute liver failure increased the risk
of death by 1.84 times compared to those who did not have ALF.
Because the liver acts as a lymphoid organ or mediated immune
system in response to sepsis, liver dysfunction following sepsis
and septic shock is an independent predictor of future multiorgan
dysfunction and sepsis-related death, and the presence of pre-
existing liver dysfunction aggravates the condition (45).

This study found that 252 (65.2%) patients developed
complications during their stay in the ICU. This finding was
supported by studies conducted in Addis Ababa (21), Egypt (46),
Beirut (25), China (29, 47), and Pakistan (48). An international
definition of Sepsis 3 referred to the fact that septic patients were
more likely to develop organ failure related to low perfusion toward
vital organs and could easily develop other complications (1).

The current study also found that the absence of pathogen
identification during an ICU stay increased the risk of death by
1.7 times compared to those who had pathogen identification.
According to this study, 315 (81.6%) had no pathogen identification
during hospital stays. Similarly, the study conducted in Addis
Ababa also shows that microbiological culture samples were
collected from 32.4% of patients with septic shock admitted to
the ICU, and only 10.5% of the patients developed microbiologic
diagnoses related to sepsis or septic shock-related microbiologic
diagnoses (21). This may be due to a lack of lab accessibility,
patients may not be able to afford it, and the problem of
early decision making. International guidelines for sepsis
management recommend microbiological identification for
all patients with suspected sepsis and septic shock patients
(34). The study conducted in Croatia supports this finding,
as only empirical treatment without pathogen identification
increased septic shock mortality (35), and another study
conducted in France also referred to the fact that septic
shock treatment without pathogen identification increased
mortality (49). The inability to have a specific antibiogram is
one of the greatest therapeutic challenges in the treatment of
septic shock in the ICU (37). Therefore, pathogen identification
plays a crucial role in improving septic shock outcomes in
the ICU.

Limitation of the study

The findings of this study could be affected by the fact
that it is a retrospective study and rely on records; locating
data for all variables is challenging, and those with insufficient
information are omitted from the analysis. Variables related
to physiological and laboratory investigations used to predict
the severity of the disease, such as modified SOFA score,
time to start antibiotics and fluid balance during the ICU
stay, were not included. Furthermore, this study did not
include patients who developed septic shock during stays in
the ICU.

Conclusions

Overall mortality in patients with septic shock admitted to the
ICU was found to be high compared to previous studies conducted
in Ethiopia and some of the studies conducted globally. Being
older, especially older than 60 years, having delayed admission
to the ICU, low MAP (<65 mmHg) at admission, comorbidities,
complications during ICU stay such as ALF, and not having
pathogen identification during the ICU stay were independent
predictors of mortality, which could be minimized by providing
appropriate ICU care services. For more aggressive ICU therapy
aimed at reducing death, variables related to mortality from septic
shock should be evaluated during septic shock treatment.
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