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Abstract:-

» Background

Sepsis is a major health burden with life-
threatening conditions, which leads to a high rate of
mortality in patients. The Sequential Organ Failure
Assessment (SOFA) score, which assesses organ
dysfunction across multiple systems, has been considered
a reliable indicator of the severity of critical illness. We
have carried out this study to evaluate the predictive
value of the SOFA score in assessing the mortality of
patients with sepsis on admission.

» Methods

Our study was a cross-sectional, descriptive study
carried out in patients with sepsis who were admitted to
the medical ICU of Chitwan Medical College from
December 15, 2021, to December 14, 2022. Patient
sampling was done based on a non-probability
convenience sampling technique.

» Results

In a study of 130 patients, 54.6% were male and
45.4% were female. The mean SOFA score was 7.1, with
a median of 7. 38.5% (50 patients) died due to sepsis.
The mean SOFA score was higher among deceased
patients (9.3) than survivors (5.8). Higher SOFA scores
were associated with increased mortality. 46% of
patients required inotropes/VVasopressor support for
shock. Patients requiring vasopressor support had a
significantly higher mortality rate (53.3%) compared to
those who did not need support (25.7%). 13.1% of
patients required mechanical ventilatory support, and
the majority of these patients (70.6%0) had mortality.

» Conclusion

SOFA score is a valuable tool to assess organ
dysfunctions and it can predict the outcome of patients
admitted with sepsis.

Keywords:- Assessment Score, Mortality, Sepsis, Sequential
Organ Failure.
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l. INTRODUCTION

Sepsis is defined as “life-threatening organ dysfunction
caused by a dysregulated host response to infection.”* 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 than with
sepsis alone. Patients with septic shock can be clinically
identified by a vasopressor requirement to maintain a mean
arterial pressure of 65 mm Hg or greater and serum lactate
level greater than 2 mmol/L (>18 mg/dL) in the absence of
hypovolemia.”?

Sepsis and septic shock pose significant challenges in
healthcare, affecting millions of individuals worldwide
annually, with a mortality rate ranging from one in three to
one in six of those affected. Enhancing early recognition and
implementing suitable interventions within the initial hours
following the onset of sepsis can improve patient outcomes.?

Although a large portion of the world’s population is
not studied, based on available data it is expected that
around 20.7 million cases of sepsis and 10.7 million severe
sepsis cases each year in a world with 7.2 billion people.
The data from the last ten years showed that there could be
as many as 31.5 million sepsis cases 19.4 million severe
sepsis cases and about 5.3 million deaths worldwide each
year.® Sepsis has a significant global health burden, with
millions of new cases each year. In 2017 alone, there were
approximately 48.9 million incident cases of sepsis,
resulting in 11.0 million sepsis-related deaths. This
accounted for 19.7% of all deaths worldwide. This
underscores the urgent need for improved sepsis prevention,
recognition, and treatment strategies worldwide.* In 2013,
septicemia imposed a tremendous economic price on the
healthcare system in the United States. With a cost of $23.7
billion, it constituted 6.2 percent of the total expenses
incurred for all hospitalizations. This underscores the
substantial financial burden associated with sepsis
management, emphasizing the need for effective prevention
and treatment strategies to mitigate its impact on both
healthcare budgets and patient well-being.
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One meta-analysis in which 30 studies were analyzed
showed that in worldwide 26.7% to 41.9% of patients who
were admitted for sepsis died because of it. The occurrence
of sepsis cases requiring hospital treatment significantly
increased after 2008, showing a 46% rise compared to the
entire period before.® Large studies about the incidence and
mortality of sepsis and septic shock are not available in
Nepal, one study shows that the mortality rate of sepsis and
septic shock is found to be 39.3% and 47.8% respectively. ’

It is not clear why some patients have an effective
immune response to combat infections, while others descend
into an uncontrolled state of illness. Researchers have
studied various cellular agents, particularly tumor necrosis
factor-a and interleukin-1, which can replicate sepsis
symptoms when administered externally. Initially, it was
believed that sepsis resulted from an overwhelming release
of these agents, a phenomenon known as a cytokine storm.
However, subsequent research has revealed that alongside
these proinflammatory agents, there are also anti-
inflammatory agents at play. Furthermore,
lipopolysaccharide (LPS) from outside can damage the
endothelium, causing the endothelial glycocalyx to shed. In
this condition, the initial response to the pathogen triggers
an exaggerated inflammatory and immune reaction,
affecting various pathways such as endothelial, hormonal,
bioenergetic, metabolic, and immune systems, among
others. These responses, in turn, result in disruptions to the
circulatory and metabolic functions, ultimately leading to
organ dysfunction.®

The healthcare system in Nepal lacks sophistication
and development. Large proportions of patients with sepsis
fail to reach to tertiary centers for treatment. There is a vast
number of patients not studied and mortality due to sepsis is
unknown. This could be much higher than what we have
seen in data from hospitals which showed a mortality rate of
36.5%. The research study documented a higher rate of
patient mortality in cases of severe sepsis and septic shock,
underscoring the need for further efforts. Enhancing patient
outcomes could be achieved through hospital initiatives
aimed at educating, raising awareness, and providing
training for healthcare professionals in early recognition and
adherence to treatment protocols.®

The Sequential Organ Failure Assessment or SOFA
score was created to evaluate the immediate morbidity and
mortality associated with critical illness on a broader scale
and has been extensively verified as a valuable tool for this
purpose in various healthcare contexts. It comprises six
distinct scores, one for each of the respiratory,
cardiovascular, hepatic, coagulation, renal, and neurological
systems. Each of these scores ranges from 0 to 4, with a
higher score indicating a more severe level of organ
dysfunction.’® A shift of 2 or more points in the SOFA score
is now considered a defining feature of the sepsis syndrome.
Furthermore, the European Medicines Agency has
acknowledged that a change in the SOFA score also serves
as an acceptable indicator of effectiveness in new
therapeutic substances for sepsis.*
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Low-income nations face a significant shortage of ICU
beds, with over half of these countries lacking any published
data regarding their ICU capacity. Although most ICUs in
low-income countries are typically found in major referral
hospitals within urban areas, the high costs associated with
trained healthcare personnel, infrastructure, and medical
supplies have hindered the expansion of intensive care units
in these regions. The burden of critical illness, particularly
among sepsis patients, is substantial in low-income
countries, and it is likely to increase due to factors such as
urbanization, emerging epidemics, and improved access to
hospitals. Therefore, the utilization of the SOFA score is
crucial as it aids in the identification and prognostication of
sepsis patients, facilitating timely recognition and ultimately
contributing to a reduction in associated mortality.*2

The Sequential Organ Failure Assessment (SOFA)
score is a widely utilized tool in critical care settings to
assess the severity of organ dysfunction in patients.
Understanding the potential of the SOFA score to predict
patient outcomes, particularly in the context of hospital
admissions, is of paramount importance for healthcare
practitioners and decision-makers. Despite the increasing
recognition of the SOFA score's utility, there remains a
critical gap in the literature concerning its robustness and
accuracy in predicting the outcomes of patients admitted to
hospitals.*®

ICU services are emerging in Nepal, yet critical care
medicine remains nascent. The lack of comprehensive sepsis
data, limited awareness, and resource constraints in Nepal
hinder effective sepsis management. Addressing these
challenges, it is essential to improve sepsis diagnosis,
treatment, and outcomes in the country.*3

1. HIGHLIGHTS

e The SOFA score was validated as an effective tool for
predicting outcomes in septic patients.

e Mortality rates differed significantly between resource-
rich and resource-limited countries.

e Higher mortality was observed in patients requiring
mechanical ventilation or vasopressor support.

e The study found that higher SOFA scores were strongly
linked to increased mortality rates.

1. MATERIAL AND METHODS

» Study Design and Population

This study is a prospective cross-sectional study. The
study was performed on Patients who were admitted to the
Medical ICU of Chitwan Medical College with sepsis. The
study evaluates the usefulness of SOFA score for predicting
the outcome of patients with sepsis. Ethical approval was
taken from the Institutional Review Committee of Chitwan
Medical College with code (CMC-IRC/078/079-207).
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» Sample Size Calculation

e Sample size calculation for the finite study population
was done using a sample size calculator (openepi.com)
using the following variables:

o Confidence interval = 95%

e Precision = 5%

e Expected study population = 152 (based on hospital data
of last year)

At 95% confidence interval, the sample size was 101.

» Data Collection

Data collection was done during the admission of the
patient or stay at the medical ICU of Chitwan Medical
College after informed consent. Patients meeting inclusion
and exclusion criteria were selected. The examination was
done during the admission of the patient. Necessary
investigations were sent. ABG was done by withdrawing
blood from the radial or femoral artery and using an
ABL800 FLEX automated blood gas analyzer machine. The
PaO2 was obtained directly from the ABG report generated
by the ABL800 FLEX analyzer. Platelet count was done via
an automated cell counter machine BeneSepheraTM-51,
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Hematology analyzer. The total bilirubin level was
determined by using Jendrassik and Grof method. Creatinine
level was assessed with the Jaffes Kinetic/Alkaline Picrate
method. Data collection was then done in proforma. Data
entry and analysis were done using SPSS software version
26.

V. RESULT

This study was done among one hundred and thirty
patients with sepsis admitted to Chitwan Medical College,
medical ICU during the study period. Among the patients
total of 130 admitted to the Medical ICU highest number of
patients were from the age of range 40 to 59 years 43
(33.1%), lowest number of patients were from the age group
of more than 80 years and above 8 (6.2%). The patient’s
average age was 51.23 + 19.45. The youngest was 18 years
old and the eldest was 90 years old. In the current study,
there were a greater number of male patients than female. 71
patients (54.6%) were male and 59 patients (45.4%) were
female respectively. The ratio of men to women was 1.2:1.
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Fig 1. SOFA Score of Patients

Among total patients of 130 most of patients 90 (69.2%) had SOFA Score less than 9. Fewer patients had higher SOFA
scores of more than 13. The overall Mean SOFA Score was 7.12 with a median of 7. The maximum score was 19 while the
minimum was 2. There were a total of 60 patients (46%) among 130, who were in shock and requiring inotropes/Vasopressor
support, whereas most of the patients 70 (54%) were normotensive. In this study of 130 patients 17 (13.1%) had required
mechanical ventilatory support whereas the remaining patients 86.9% didn’t require or were not kept in mechanical ventilatory
support. Among 130 patients in my study, 50 patients died because of sepsis in hospital admitted to ICU which was 38.5%.
whereas the majority of patients 61.5% (80%) survived.
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Fig 2. SOFA Score Distribution among Patients Deceased and Survivals

The mean SOFA score among Deceased patients was 9.26 which was higher than survivals with a mean score of 5.8. The
maximum score in deceased patients was 19 where whereas in survival patient was 12. This chart clearly shows SOFA score is
less among survival patients and high among deceased patients.

Table 1. Association between Age of Patient and Mortality (n=130)

Age in Years Deceased Survivor Chi-Square Value P value
18-39 years 13 27
32.50% 67.50%
40-59 years 20 23
46.50% 53.50%
60-79 years 16 23 4.554 0.2
41.00% 59.00%
80 years and above 1 7
12.50% 87.50%

In this study it is seen that highest percent of mortality had occurred in age of patient between 40 and 59 years and least is
seen in above 80 years of age with p value of 0.2 which is more than 0.05, shows that in my study there is no association of age
with mortality seen.

Table 2. Outcome of Patients with Sepsis Who Required Vasopressor/Inotropes Support for Shock and Patients Who are

Not in Shock
Outcome of Patient Deceased Survivor Chi-Square Value P Value
Patient in Shock requiring inotropes/ 32 28
vasopressor support 53.3% 46.7%
Patient not in Shock 18 52 10.412 0.001
25.7% 74.3%

In this table, it is seen that among 130 patients 60 patients needed support for low blood pressure among them 32 (53.3%)
patients died whereas 70 patients didn’t need vasopressor support among them 18 died (25.7%). The P value is 0.001 which is less
than 0.05, hence there is a significant association between shock and mortality of patients with sepsis.
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Table 3. Outcome of Patient with Sepsis Based on Mechanical Ventilatory Support (n=130)
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Outcome of Patient Deceased Survivor Chi-Square value P value
Patient requiring mechanical 12 5
ventilator support 70.60% 29.40%
patient not requiring 38 75 8.529 0.003
mechanical ventilator support 33.60% 66.40%

Among the patients requiring mechanical ventilator support, 70.60% of them did not survive, while 29.40% survived.
Among the patients not requiring mechanical ventilator support, 33.60% of them did not survive, while 66.40% survived. the table
suggests that there is a significant association between the patient's outcome and the use of mechanical ventilator support.

Specifically, a higher percentage of patients requiring mechanical ventilator support did not survive, whereas a higher percentage
of patients not requiring mechanical ventilator support survived.

Table 4. SOFA Score Among Patients Who were Deceased and Survived with Sepsis

SOFA Score Deceased Survivor Chi-Square Value P Value
2-4 7 30
18.90% 81.10%
5-7 9 32
22.00% 78.00%
810 3 13 31.817 0.001
50.00% 50.00%
>11 21 5
80.80% 19.20%

The table categorizes patients into four groups based on their SOFA scores: 2-4, 5-7, 8-10, and >11. The patients are further
categorized into two outcomes: Deceased and Survivor, based on the patient's in-hospital clinical outcome. For patients with
SOFA scores 2-4, 18.90% did not survive, while 81.10% survived. In patients with scores of 5-7, 22.00% of patients did not

survive, and 78.00% survived. On a score of 8-10, there is 50.00% mortality. Patients with SOFA scores >11 had the highest
mortality rate, with 80.80% not surviving and only 19.20% surviving.
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Fig 3. Receiver Operating Characteristics Area Under the Curve
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Receiver operating characteristic (ROC) curves were
utilized to assess the predictive capability of Sequential
Organ Failure Assessment (SOFA) scores for hospital
mortality. The analysis revealed an area under the curve
(AUC) of 0.763.

V. DISCUSSION

In this study were total of 130 patients included,
among them there was male predominance with 54.6%
where whereas 45.4% of patients were female, who were
admitted to ICU due to sepsis. It was found to be similar in a
study conducted by Safari et al where there was male
predominance with 53.5%,'* and it was similar in other
studies.

The mean age of the patients was 51.23 + 19.45,
ranging from 18 to 90 years. The majority of the patients
among 130 admitted to the Medical ICU were aged between
40 and 59 years (33.1%, n = 43), while the fewest patients
were 80 years or older (6.2%, n = 8). In a similar study
carried out by Kamath et al in India Mean age of patients
was 48.3 years and the majority of the patients were in the
4™ and 5" decade of life.® Another study done in Nepal by
Lamichhane et al had a mean age of patients 47.67+17.52
which showed a similar age distribution.®

In this study, among 130 patients enrolled, the SOFA
Score spanned from a minimum of 2 to a maximum of 19,
showing a central tendency with a mean value of 7.12 and a
median of 7 with a substantial majority (approximately
69.2%) exhibiting a SOFA Score below 9. The study done
by Safari et al in Turkey involved 140 patients, with a mean
SOFA score of 7.13 (range 2-16). Most patients (84.12%)
had a SOFA score below 10, which was quite similar to my
study.* In another study conducted in Finland by Polkki et
al showed a mean SOFA score of 6.6

In my study involving 130 patients, 50 patients lost
their lives due to sepsis during their ICU stay, representing
an overall mortality rate of 38.5%. In contrast, the majority
of patients, 80 accounting for 61.5% survived. It was found
similar mortality rate of 36.47% in a study conducted in
Nepal by Lamichhane et al among 85 patients admitted in
ICU.° Similarly a research paper published by Kamath et al
from India showed an overall mortality of 33.3 % of patients
admitted to the ICU with sepsis.t® The large study done in
Finland by Polkki et al found that the overall mortality rate
in ICU was only 10.7%.% Another study done in the USA
resulted in ICU mortality of 27%.7 Among sepsis patients.
There seems to be a difference in mortality among patients
of resource-rich and resource-limited countries because of
the easy availability of health facilities, intervention, and
quality of advanced health services in developed countries
compared to resource-limited countries.?

In our research, we observed the highest mortality rate
among patients aged between 40 and 59 years followed by
18 to 39 years. Conversely, the lowest mortality rate was
observed in individuals aged above 80 years. The statistical
analysis, indicated by a p-value of 0.2, which exceeds the
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significance threshold of 0.05, suggests that there is no
statistically significant association between age and
mortality in our study. However in different studies done in
the past by Weng et al. in China, Wardi et al. in the USA,
and Yang et al in Singapore, it was seen that increasing age
is an independent risk factor for sepsis-related outcomes.
Mortality was significantly increased in patients more than
60-65 years of age and sharply increased in age more than
80 years.®®2° In our study age was not seen as an
independent risk for mortality in sepsis, it may be due to that
age distribution was different in our study most patients
were below 60 years of age, it could also be due to that
patient with old age if the outcome seems to be poor patient
party may take them home before any outcome occurred in
the hospital.

In our study, 60 patients, constituting 46% of the total
were in septic shock and required ionotropic or vasopressor
support. The remaining 70 patients, accounting for 54% of
the total, maintained normal blood pressure levels. In many
studies, there is a wide range of incidence and prevalence of
septic shock. A study done by Basnet et al. in Nepal showed
that there was a presence of 23.1% shock during admission
to 1ICU.2* Another study done in the Netherlands showed
that the overall prevalence of shock among patients of sepsis
ranges from 10.1 to 23.4% in different hospitals.?? It showed
that there is higher incidence of shock in our study as
compared to other it could be due to difference in
geographical location and as being a referral center our
hospital could have admitted selected and serious patients.

In our analysis of 130 patients, 17 individuals (13.1%)
needed mechanical ventilatory support, while the remaining
86.9% (113) either did not require support or were not
placed on mechanical ventilation. There are varying
incidences of mechanical ventilation seen in sepsis in
different studies. One study shows that there was an overall
incidence of 8.8% of mechanical ventilation needed in
admission due to sepsis.?> Another study showed that 27.1%
of patients were ventilated for lung protection in the ICU.%
There are various differences seen in different studies it
could be due to varying geographical locations, time of
research, different age distribution, and prevalence of
different diseases in different parts.

Our study revealed that out of 130 patients, 60 required
inotropes support due to shock. Among these, 32 patients
(53.3%) passed away. On the other hand, 70 patients did not
require vasopressor support, and among them, 18 patients
(25.7%) were deceased. Mortality is high in patients with
septic shock i.e. 53.3%. The statistical analysis, with a p-
value of 0.001 (below the threshold of 0.05), indicates a
significant association between shock and mortality in
patients with sepsis. A similar mortality rate was seen in
other studies done previously. One study done in
Kathmandu by Lakhe et al. showed a 47% mortality rate of
septic patients who were in shock.” A systemic review and
meta-analysis done in North America and Europe by
Vincent et al. shows a mean mortality rate of 37.3% in
septic shock which is similar but lower than our study.?*
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In the group of 17 patients who needed mechanical
ventilator support, a significant majority (70.60%) did not
survive, with a smaller fraction (29.40%) only survived.
Conversely, in the group of patients who did not require
mechanical ventilator support, there was a relatively lower
percentage (33.60%) of mortality, while a higher percentage
(66.40%) did survive. The data from our study strongly
indicates an association between increased mortality when a
patient needs mechanical ventilator support. In-hospital
mortality was seen in 56.9% of patients in a study done by
Oh et al. in South Korea.?®> Systemic review and meta-
analysis done by Gu et al. showed that patients who were in
sepsis had mortality up to 40% after endotracheal intubation
and mortality significantly became higher if patients were in
shock.?6 The mortality of patients with sepsis who required
mechanical ventilation had a higher mortality rate but it was
seen as much higher in our study. This could be due to
associated comorbidities in patients which could have
affected outcome.

In our study analysis, it was found that of patients who
had SOFA scores 2-4, 18.9% of them didn’t survive,
whereas patients with scores 5-7 had a mortality of 22%,
when a score is 8-10 there was 50% mortality rate, once
SOFA score is 11 or higher the mortality rate was 80.8 %.
This result indicates that as the SOFA Score increases, the
likelihood of mortality significantly rises. Patients with
higher SOFA Scores (8-10 and >11) had a notably higher
mortality rate compared to patients with lower scores (2-4
and 5-7). This suggests that the SOFA Score is a reliable
predictor of patient outcomes, with higher scores correlating
with a higher risk of mortality. The Chi-Square analysis of
the relationship between SOFA Score and patient outcome
(deceased or survivor) produced a significant result with a
Chi-Square value of 31.817 and a p-value of < 0.001, which
is below the typical significance threshold of 0.05. This
suggests a strong association between the SOFA Score and
patient outcomes.

A study done in India by Kamath et al. SOFA score
was calculated on the day of admission, they observed a
statistically significant difference in SOFA scores between
survivors and non-survivors, with non-survivors exhibiting
higher scores (mean SOFA score of 9.40) compared to
survivors who had lower scores (7.72) with a overall
mortality rate of 33.3 % which was similar to our study.*®

The ROC AUC was used in our study as a statistical
measure to assess the accuracy and discriminative power of
SOFA score for the prediction of mortality of patients with
sepsis admitted to the ICU. AUC value came to be 0.763
means that the SOFA score can effectively discriminate
between patients who are likely to survive and those who
are likely to experience mortality in the ICU. Hence, SOFA
score can be a valuable tool in helping clinicians assess the
likelihood of ICU mortality. It provides useful information
for making decisions about patient care, treatment plans, and
resource allocation.
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A study done by Minne et al. for the evaluation of
SOFA score for predicting mortality in the ICU which was a
systemic review showed that ROC AUC 0.72 which was
similar to our study and proves SOFA score to be an
effective tool for the prediction of mortality of patients with
sepsis.?” Another study done by ones et al. in which they had
calculated SOFA score at the time of presentation and
analyzed SOFA score for predicting outcomes is patients
with sepsis, it was found that ROC AUC 0.750. SOFA score
was a good tool to predict outcome of patients with sepsis
which was similar to our study.?

VI. CONCLUSION

Sequential Organ Failure Assessment Score (SOFA)
Score plays as an important tool for health care
professionals for early detection of organ dysfunction, as
well as risk stratification of patients, predicting outcome of
patients.

The study provides evidence of the critical role of the
Sequential Organ Failure Assessment (SOFA) Score in
predicting patient outcomes, particularly in the context of
mortality in septic patients. It can clearly be said that as the
SOFA Score increases, the risk of mortality significantly
rises. Patients having higher SOFA Score exhibit a notably
elevated mortality rate, whereas those with lower scores
show a significantly higher survival rate.

SOFA score can effectively predict between patients
who are likely to survive and those who are likely to have a
high risk of mortality in the ICU. Hence, this statistically
significant association between the SOFA Score and patient
outcomes helps us to conclude that it is a useful clinical tool
to access septic patients to predict outcomes.
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