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ABSTRACT

Background: Sepsis is a common health condition among patients admitted to the
intensive care unit. Little is known on the prevalence of sepsis and septic shock and

their health outcomes in the Palestinian hospitals.

Objectives: This study was conducted to describe retrospectively within the last two
years the prevalence rate, mortality, and length of stay of adult patients with sepsis and
septic shock in adult intensive care unit at Makassed Hospital in Palestine.

Methods: A correlational descriptive design was used in the current study. The study
was conducted at Makassed Hospital in Palestine which provide a wide range of
healthcare services. The data collection tools included sociodemographic details,
Sepsis-3 to screen for sepsis and septic shock, Sequential Organ Failure Assessment
scores, and Charlson Comorbidity Index.

Results: A total of 1101 patients were included in this analysis. The prevalence of
sepsis and septic shock among the intensive care unit patients was 13.6%. Sequential
Organ Failure Assessment scores were significantly higher for patients with septic
shock compared to those with sepsis and those without sepsis. The mortality rate among
the intensive care unit patients was 12%. Binary logistic regression and areas under
receiver operating curves discrimination showed that Sequential Organ Failure
Assessment score, Charlson Comorbidity Index, and length of stay in the intensive care

unit were significant predictors of mortality.

Conclusions: Findings of this study showed that sepsis and septic shock are common
life-threatening health conditions among patients admitted to intensive care unit in
Palestine. Mortality rates were significantly higher when intensive care unit patients

develop sepsis and septic shock.

Keywords: Sepsis, Septic shock, Prevalence, Intensive care unit, Hospitals, Mortality
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Chapter One
Introduction and Theoretical Background

This chapter provides an introduction and a theoretical background to sepsis and septic
shock with their outcomes among ICU patients. This chapter provides conceptual and
operational definitions of the study variables and a brief review of the relevant
literature. This chapter also describes the problem statement, research questions, and

objectives of the study.

1.1 Introduction

Sepsis is a common health condition. It is a systemic harmful reaction of the body to
infection (Levy et al., 2010; Robson & Daniels, 2013). Sepsis is a clinical syndrome
characterized by organ dysfunction caused by a dysregulated response to infection
which can lead to biologic, physiologic, and biochemical disturbances (Neviere,
Parsons, & Finlay, 2017). Septic Shock (SS) is a distributive or vasodilatory shock
characterized by hypotension, poor perfusion, no response for fluid resuscitation, and
the need for vasopressors to maintain normal range of blood pressure (BP), mean
arterial pressure (MAP), and serum lactate (Neviere et al., 2017). The problem of sepsis
is still growing despite the advancements in care and supportive therapy (Riedemann,
Guo, & Ward, 2003). Sepsis incidence increased threefold in the last 2 decades
(Tanriover, Guven, Sen, Unal, & Uzun, 2006). It was found that sepsis has an incidence
rate of 750,000 cases annually in the USA (Angus, Pires Pereira, & Silva, 2006).
Unfortunately, sepsis was responsible for more than one-third of in-hospital deaths in
the USA (Neviere et al., 2017). It was also found that sepsis can double mortality rate if
it went without timely managed treatment, leading to high costs in healthcare (Levy et
al., 2010; Marshall, Dellinger, & Levy, 2010), and bad effect on the worldwide health
economics, with annual cost of more than 14 billion dollars (Picard, O’Donoghue,
Young-Kershaw, & Russell, 2006). Moreover, around 45% of all intensive care unit
(ICU) bed days and one-third of all the hospital bed days were occupied by patients
with sepsis (Padkin et al., 2003).



1.2 Definitions and Pathophysiology

Sepsis is a “life-threatening organ dysfunction caused by a dysregulated host response to
infection” (Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo,
Bernard, Chiche, & Coopersmith, 2016). On a continuum of severity from bad to the worst,
sepsis can range from the early phase that starts with infection and bacteremia to sepsis and
SS, leading to multiple organ dysfunction syndrome (MODS) and death (Neviere et al.,
2017). Severe sepsis was defined as a dysregulated inflammatory response to infection
which is associated with organ dysfunction, hypoperfusion, and hypotension (Neviere et
al., 2017; Robson & Daniels, 2013). Systemic Inflammatory Response Syndrome (SIRS)
was defined as having two or more abnormalities in heart rate, body temperature, white

blood cell count, or respiration.

Recently, the Society of Critical Care Medicine (SCCM), the European Society of
Intensive Care Medicine (ESICM), and other experts have dropped the term of SIRS from
sepsis diagnostic criteria, because SIRS is not always caused by infection such the case

with autoimmune diseases and thromboembolism (Neviere et al., 2017).

SS is a vasodilatory or distributive shock (Neviere et al., 2017), which is characterized by
hypotension, poor perfusion, no response for fluid resuscitation, and the need for
vasopressors to maintain normal range of BP (Neviere et al., 2017). It is a circulatory,
metabolic, and cellular abnormalities that can increase the risk of mortality more than that
sepsis does alone (Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo,
Bernard, Chiche, & Coopersmith, 2016). When a patient has SS, vasopressors are required
to maintain MAP higher than 65 mmHg and serum lactate more than two millimole/liter in
case of euvolemia (Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo,
Bernard, Chiche, & Coopersmith, 2016).

1.3 Sequential Organ Failure Assessment

Sequential Organ Failure Assessment (SOFA) is used to assess the development of multi-
system organ failure and to assess the effects of various treatments on organ dysfunction or
failure (J-L Vincent et al., 1996). SOFA is well known to the community of critical care. It
can be scored retrospectively, manually, or by using electronic health record systems.
Unfortunately, clinical and laboratory tests are required to assess patients based on these
criteria (Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard,
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Chiche, & Coopersmith, 2016). Also, SOFA criteria is used to evaluate the following
physiologic functions: respiration, central nervous system, renal, coagulation, hepatic, and
cardiovascular functions (Jean-Louis Vincent, Mira, & Antonelli, 2016; J-L Vincent et al.,
1996). The higher SOFA scores indicate the greater rates of patients’ morbidity and
mortality (Raith et al., 2017).

Other studies confirmed that SOFA scores could predict the mortality of adult patients with
sepsis (Baykara et al., 2018). For patients with SS, the SOFA score was considered as an
independent risk factor for mortality (P<.001) (fr, 2004). Specifically, the SOFA score was
associated with 28-day mortality; the hazard ratio was 1.24 (95% CI 1.21-1.27) (P<.001)
(Quenot et al., 2013). Moreover, for the association of SOFA score with 28-day mortality
among patients with severe sepsis and SS, OR 1.078 (95% CI 1.018-1.141) (P=.01)
(Huang, Tsai, Tsai, Yu, & Ko, 2015). Moreover, the 28-days mortality rate of patients with
sepsis who achieved SOFA score of 0-5, 6-9, 10-11, and >11 were: 20%, 43%, 100%, and
100%, respectively (Ozaydin, Guneysel, Saridogan, & Ozaydin, 2017).

In the UK, Szakmany et al. (2018) found that SOFA was the best predictive model for 30-
day mortality (Area Under the Receiver Operating Characteristics (AUROC) 0.950 (95%
Cl 0.93-0.97), (P<.001) (Szakmany et al., 2018). In Brazil, Silva et al. (2019) found that
for patients with sepsis whose SOFA scores were less than or equal to “two”, their 30-day
mortality rate was 13.83% (Silva et al., 2019). For patients with SOFA score greater than
“two”, their 30-day mortality rate was 42.27%, with a significant statistical difference
(P<.001). Another study indicated that patients with severe sepsis or SS who had high
SOFA scores, had higher mortality rates than patients with lower scores, and SOFA scores
of survivors and non-survivors were 5.70+3.4 and 9.30+3.7, respectively (P <.005).
However, the type of mortality was not mentioned in this study and the old definition of

sepsis was used (Paary, Kalaiselvan, Renuka, & Arunkumar, 2016).

During ICU stay, mean SOFA score of patients with sepsis alone was 7.0 + 3.2, and 10.1 +
3.9 for patients with severe sepsis (Sakr et al., 2018). In Japan, the mean SOFA score of

patients with severe sepsis was 6.8 + 3.4 (Ogura et al., 2014).

Furthermore, among adults with severe sepsis admitted to eight ICUs in China, a
significant difference was found in total SOFA scores between survivors and non-

survivors; the score was 8.5+3.7 for survivors and 11.1+3.9 for non-survivors (P<.001).
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However, this score was calculated on the first day of admission to ICU, and three- fourth
of the patients were admitted to medical ICUs (Chen, Cheng, Chan, & Yu, 2014).

1.4 Prevalence of Sepsis and Septic Shock

Sepsis and SS are common illnesses. The percentage of adult patients with sepsis in ICUs
was doubled between the years 2008 and 2015, 6.4% in 2008 and 13.4% in 2015 (Relative
ratio (RR)=1.11; P <.001) (Badawi, Liu, Hassan, Amelung, & Swami, 2018). A study
revealed that 37.3% of adult patients admitted to 22 ICUs in China were diagnosed with
severe sepsis or SS (Zhou et al., 2014). Sepsis prevalence ranged between 10.5 and 30 per
100 admissions in ICUs of different developed countries (Artero, Nogueira, & Zaragoza,
2012). Prevalence rates of sepsis were 12.6% in ICUs of Germany (Group, 2016), 11% in
ICUs of the Netherlands (van Gestel, Bakker, Veraart, & van Hout, 2004), 11% to 27% in
ICUs of Taiwan and 19% in a medical ICU in Thailand (Khassawneh, Khader, &
Abugqtaish, 2009).

During the Hajj season of 2004 in Makkah, Baharoon et al. (2009) conducted a prospective
study to assess the incidence, causes, complications, and outcome of sepsis and SS among
adult patients in two ICUs (N=165) (Baharoon, Al-Jahdali, Al Hashmi, Memish, &
Ahmed, 2009). Data were collected over one and a half months. The findings revealed that
sepsis and SS together were responsible for 25.4% of ICU admissions. However, the study
was conducted in the Hajj season, which is the pilgrim season of Muslims that does not
represent the usual conditions of everyday life. This might limit the external validity of this

study.

Salvo et al. (1995) conducted a one-year prospective multicenter study in 99 ICUs in Italy
to determine the incidence, prevalence, and outcomes of sepsis among adult patients
(N=1101) (Salvo et al., 1995). Sepsis, severe sepsis, and SS were responsible for 4.5%,
2.1%, and 3% of ICU admissions, respectively. However, this study used an old definition
of sepsis, severe sepsis, and SS that was based on SIRS criteria. In addition, consecutive

sampling was used in this study, which may justify the low prevalence rate.

An observational study was conducted by Padkin et al. (2003) to investigate the numbers
and outcomes of adult patients with severe sepsis admitted to 91 ICU in the UK (Padkin et
al., 2003). The results showed that 15,362 (27.1%) patients out of 56,673 patients

developed severe sepsis in the first 24 hours of admission. Moreover, a prospective
4



observational study was conducted to assess the prevalence and outcomes of adult patients
in surgical 1CUs of ten hospitals in China (N=3,665). The findings revealed a prevalence
rate of 8.68% for severe sepsis (Cheng et al., 2017). Another prospective descriptive study
was conducted over six years in an ICU in Macedonia by Grozdanovski et al. (2018), to
determine the epidemiology of community-acquired sepsis (Grozdanovski et al., 2018).
There was a total of 1348 admissions, out of them, 277 (20.5%) patients had sepsis and SS.
Furthermore, Hantrakun et al. (2018) conducted a prospective observational study to
describe clinical epidemiology and outcomes of sepsis and community-acquired infection
in resource- limited ICUs of a tertiary hospital in Thailand (N= 28,752) (Hantrakun et al.,
2018). The researchers used the most recent definition of sepsis that was recommended by
Sepsis-3 International Consensus in 2016. Out of these patients, 74% had sepsis. However,

this high rate could happen because the study included patients with medical illnesses only.

1.5 Predictors of Sepsis and Septic Shock, and Patients Characteristics

Some factors that predicted sepsis among adult patients in ICUs were: being elderly (Wang
et al.,, 2014), male gender (Martin, Mannino, Eaton, & Moss, 2003; Mayr, Yende, &
Angus, 2014), being diagnosed with a medical illness (Salvo et al., 1995), history of severe
sepsis, having a surgical condition, genitourinary infection, organ dysfunction (Shen, Lu,
& Yang, 2010), and respiratory infection (Gray et al., 2013; Khassawneh et al., 2009;
McNevin, McDowell, Fitzpatrick, O'Sullivan, & Wakai, 2018; Shen et al., 2010; van
Gestel et al., 2004; Zhou et al., 2014), like pneumonia (Baharoon et al., 2009; Mayr et al.,
2014). Additional predictors of sepsis among adult patients were: having a chronic
respiratory illness (Baharoon et al., 2009), having culture test positive for gram-negative
microorganisms (Artero et al., 2012; Baharoon et al., 2009; Blanco et al., 2008;
Khwannimit & Bhurayanontachai, 2009; Zhou et al., 2014), black race (Mayr et al., 2014),
high early warning score, Chronic Obstructive Pulmonary Disease (COPD), smoking,
alcohol abuse (Szakmany et al., 2018), heart failure, cancer (Szakmany et al., 2018; Zhou
et al., 2014), nosocomial infection (Group, 2016), septicemia, having a urinary catheter
(Kim, Watase, Jablonowski, Gatewood, & Henning, 2017), being hospitalized in ICU,
having diabetes, immunosuppression, history of previous hospitalization (Neviere et al.,
2017), and bacteremia that was evident in half of the patient with sepsis (Bone et al.,
1989). Additional factors that predicted worsening of severe sepsis or SS in emergency
department (ED) were: diastolic BP <52 mmHg, serum albumin <3.5 milligrams/ deciliter

and being immunocompromised (Zhou et al., 2014).
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In ICUs, many adult patients with sepsis had positive microbiological cultures. It was
found that 24% of patients with sepsis and severe sepsis had positive blood cultures
(Chimese, Andrews, & Lakhi, 2012). The percentage of adult patients with sepsis who had
positive blood cultures was 22.7% (Grozdanovski et al., 2018), 33% (Boussekey et al.,
2010), and 40.9% (Ogura et al., 2014). A larger percentage was found by Sakr et al.
(2018), who found that 69.6% of patients with sepsis had positive blood cultures; one-third
of them had gram-positive bacteria, and two-third had gram-negative bacteria (Sakr et al.,
2018). Candida was positive in 2.6% of blood cultures of patients with sepsis (Boussekey
et al., 2010). Moreover, Baharoon et al. (2015) found that gram-negative microorganisms
were the most common cause of severe sepsis and SS among adult patients admitted in
ICUs of a tertiary hospital in Saudi Arabia (Baharoon et al., 2015). Another study indicated
that the most common microorganisms that caused sepsis and SS were gram-positive
bacteria, like staphylococci, followed by gram- negatives like Acinetobacter baumannii,
Enterobacter, Escherichia coli, Klebsiella pneumoniae, and Candida (Vendemiato, von
Nowakonski, de Lima Marson, & Levy, 2015). However, another study found that
Staphylococcus aureus and Streptococcus pneumoniae were the most commonly isolated
microorganisms from blood cultures of patients with sepsis or severe sepsis (Chimese et
al., 2012).

1.6 The Impact of Sepsis and Septic Shock on Patient Mortality

Sepsis and SS can increase the mortality rate of adult patients in ICUs. In some patients,
sepsis can lead to death within hours if left without timely-fashioned treatment (Rebeaud,
2017). Unfortunately, for every hour that treatment of sepsis was delayed, the mortality
rate caused by sepsis increased by 8% (Kumar et al., 2006). Sepsis alone was responsible
for an annual death rate of six million people at the global level (Fleischmann et al., 2016),
most commonly in middle and low-income countries (Organization, 2017). It was
estimated that about 250,000 Americans die due to severe sepsis each year, and that one-
third of all patients who died in hospitals were diagnosed with severe sepsis. Moreover, the
mortality rate was ranging between 28% and 50% for patients with severe sepsis in North
America (Perman, Goyal, & Gaieski, 2012), and between 18% and 55% in Taiwan (Shen
et al., 2010). Also, crude mortality rates of patients with sepsis in France were 62.1% and
55.9% in the years 1993 and 2000, respectively (P<.001) (Annane, Aegerter, Jars-
Guincestre, & Guidet, 2003). It was revealed that among 311 patients with sepsis admitted
to 14 ICUs of 13 hospitals in Spain, 169 (54.3%) patients died in the hospitals, and 150
6



(48.2%) patients died in the ICUs, and that 28-day mortality rate was 47.9% (Blanco et al.,
2008). Furthermore, 54.7% of patients with sepsis and SS died in one ICU during the Hajj
season of 2004 in Makkah (Baharoon et al., 2009).

Sepsis can increase the in-hospital mortality of adult patients in ICUs. In one medical ICU
in India, the overall in-hospital mortality rate was 33.6% among patients with sepsis
(Santhosh Kumar Thulaseedharan, Jasen, Suresh Moothezhathu, & Mohammed Naseem
Yakoob, 2017). Fortunately, the in-hospital mortality rate decreased over a study period of
six years, and the percentage of in-hospital mortality was 17% at the final year of the
study; this study was prospective and observational, which aimed to assess the clinical
characteristics and prognosis of patients with severe sepsis and SS in an ICU in Spain (N=
1136) (Azkarate et al., 2016). It was found that the percentage of in-hospital mortality of
adult patients in hospitals of the USA with severe sepsis and SS was 14.9% and 34.2%,
respectively (Paoli, Reynolds, Sinha, Gitlin, & Crouser, 2018). Furthermore, it was
reported that 85% of patients with SS in a medical ICU in India died inside the hospital
(Santhosh Kumar Thulaseedharan et al., 2017).

1.7 Predictors of Mortality among Patients with Sepsis and Septic Shock

Some variables predicted in-hospital mortality of patients with sepsis. The predictors of in-
hospital mortality among adult patients with sepsis were: having SS (Ogura et al., 2014;
Santhosh Kumar Thulaseedharan et al., 2017; Silva et al., 2019; Ullah et al., 2016), having
disseminated intravascular coagulation, the score of cardiovascular SOFA item (Ogura et
al., 2014), age (Kaotfis et al., 2019), having a neurologic disease (Wang et al., 2014), lactate
level, coagulopathy (Silva et al., 2019), and having mechanical ventilation (Tanriover et
al., 2006). Other researchers found that while the in-hospital mortality rate of patients with
severe sepsis for age group over 65 years was 40.0%, it was 20.4% for the age group under
65 years, with a significant association between age and in-hospital mortality rate (P<.05)
(Karlsson et al., 2007). It was indicated that the mortality rate was lower among patients
with sepsis who were younger than 44 years old (Kaukonen, Bailey, Suzuki, Pilcher, &
Bellomo, 2014). But, another study indicated that age was not significantly associated with
in- hospital mortality of adult patients with severe sepsis in ICUs (N=254) (Chen et al.,
2014).



1.8 The Impacts of Sepsis and Septic Shock on Patient’ Length of Stay

Sepsis and SS can increase patients’ ICU length of stay (LOS) and hospital LOS. It was
found that hospital LOS of patients with sepsis was 75% longer than for patients with no
sepsis. A possible factor for this issue was that sepsis could lead to failure of body organs
(Opal & Van Der Poll, 2015). While mean hospital LOS of severe sepsis survivors and
non-survivors was 35 days and 15 days, respectively, mean ICU LOS of severe sepsis
survivors and non-survivors was 12 days and 8 days, respectively (P<.01) (Blanco et al.,
2008). A study was conducted in 47 ICU in the Netherlands revealed that mean ICU LOS
of patients with sepsis, severe sepsis, and SS was 12.7 days (SD=1),13.3 days (SD=1.1),
and 11.6 days (SD=1.5), respectively (van Gestel et al., 2004). In one tertiary hospital in
Thailand, mean ICU LOS was three days and mean hospital LOS was 13 days (P<.001)
among patients with severe sepsis and SS (Khwannimit & Bhurayanontachai, 2009).
Moreover, mean ICU LOS and mean hospital LOS of patients with severe sepsis were 11
days and 24 days, respectively, in 133 ICUs in Germany (Group, 2016), 10.5 days
(range=1-81), and 7.2 days for patients with SS in the USA (median=419.2) (Paoli et al.,
2018). Baharoon et al. (2015) reported that the mean ICU LOS of patients with severe
sepsis and SS was 17.19 days (SD=20.24) in wards and ICUs of a tertiary hospital in Saudi
Arabia (Baharoon et al., 2015). However, the sample size was small (N=96).

Using a retrospective observational design, Paoli et al. (2018) analyzed data of patients
who were admitted between January 2010 and September 2016 in academic and private
hospitals in the USA (N=2,566,689) (Paoli et al., 2018). The results showed that mean
hospital LOS of patients with sepsis without organ failure, severe sepsis, and SS was 7.7
days (median=5+14.2), ten days (median=7+12.4), and 12.6 days (median=9 + 15.5),
respectively. However, this study relied on electronic coding, which might do not agree
with the real clinical situation of patients. A recent study showed that the mean LOS of
patients with severe sepsis was 30 days (range=14.2-45.7), and 22 days (range=11.2- 36.5)
for patients with SS (Baykara et al., 2018). However, the researchers did not specify the
type of LOS. In general, sepsis can increase patients’ hospital and ICU LOS.

1.9 The Impacts of Sepsis and Septic Shock on Other Outcomes

Sepsis can lead to further complications. Patients with sepsis had a greater risk of
developing secondary infections later on during hospitalizations, such as pneumonia and

bloodstream infections (van Vught et al., 2016), and recurrent hospitalization (Ogura et al.,
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2014). 1t was found that the readmission rate within 30 days was 62% among patients who
were hospitalized for sepsis (Fingar & Washington, 2016). In addition, it was reported that
sepsis decreased patients’ quality of life (Winters et al., 2010), and led to a bad effect on
functional abilities and activities of daily living (lwashyna, Cooke, Wunsch, & Kahn,

2012). However, early detection and management of sepsis can enhance patients’ outcomes

(Bateson & Patton, 2015; Rebeaud, 2017).

Sepsis had a negative effect on treatment costs. It was documented that sepsis was the most
expensive reason for hospitalization, every day in the USA around 55.5 US million dollars
are being spent in hospitals to treat patients with sepsis, in more details, the annual rate of
growth in sepsis costs in hospitals is three times the rate of the overall hospital costs, with
24 US billion dollars were being spent on sepsis treatment every year in the USA (Stulberg
& Haut, 2018). A literature review of 34 studies showed that the cost of treating sepsis and
its consequences was higher than the cost of treating myocardial infarction and heart
failure (Hajj, Blaine, Salavaci, & Jacoby, 2018).

In summary, sepsis and SS are common illnesses that adult patients admitted to ICUs can
experience. Some studies reported a prevalence rate of sepsis ranging between 6.3% and
54.3% in different countries. It was also found that sepsis can increase mortality, morbidly,
patients” LOS, and healthcare costs. Sepsis led to further complications, such as recurrent
readmissions, functional disabilities, and poor quality of life. Fortunately, some studies
indicated that SOFA criteria were useful in diagnosing patients with sepsis. Moreover,
some factors have predicted mortality of patients with sepsis, like total SOFA score, having
comorbidities, and other clinical characteristics of patients.

1.10 Definitions of the Study Variables

The operational and theoretical definitions of the study variables are explained as

follows:

Sepsis: Conceptually, sepsis is a dysregulated inflammatory response to infection
combined with life- threatening organ dysfunction, which can lead to biologic,
physiologic and biochemical disturbances. In sepsis, hypoperfusion and hypotension
may occur (Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo,
Bernard, Chiche, & Coopersmith, 2016).



Operationally, by using the criteria explained in appendix A and appendix B, patients
were screened to and diagnosed with sepsis by the researcher. Having infection and a
total SOFA score of two or more was considered as sepsis (Singer, Deutschman,
Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, & Coopersmith,
2016). Note that the term “sepsis” was used generally to indicate “severe sepsis”

wherever it appears in this research study.

Severe sepsis: Conceptually, severe sepsis was defined as “sepsis plus sepsis-induced
organ dysfunction or tissue hypoperfusion” (Dellinger et al., 2013). The reader can
notice that this term overlap with the term of sepsis.

Operationally, the term “severe sepsis” was not assessed or used in the current study
design because it is redundant with the term sepsis (Neviere et al., 2017; Singer,
Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, &
Coopersmith, 2016). “Severe sepsis” term is no longer used as part of the definitions of
sepsis phenomena. Based on the recent definitions, “sepsis” is equivalent to “severe
sepsis”. However, the term “severe sepsis” was used in the chapter of literature review

only, because it was used by the previous studies.

Septic shock: Conceptually, septic shock (SS) is a distributive or vasodilatory shock
characterized by hypotension, poor perfusion, no response for fluid resuscitation
(Neviere et al., 2017), and the need for vasopressors to maintain MAP > 65 mmHg
despite resuscitation with an adequate volume of fluids (Neviere et al., 2017; Singer,
Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, &
Coopersmith, 2016).

Operationally, patients were screened to and diagnosed with SS by the researcher
according to the SS screening checklist (see appendix A). The following criteria were
used, which include having lactic acid > 2 and hypotension characterized by need
vasopressor to keep MAP > 65 despite adequate fluid resuscitation, in the absence if
other cause of hypotension (Neviere et al., 2017; Singer, Deutschman, Seymour,

Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, & Coopersmith, 2016).
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Organ dysfunction or failure: Conceptually, it is “a dysfunction to such a degree that

normal homeostasis cannot be maintained without external clinical intervention”.

Operationally, organ dysfunction was measured using SOFA criteria. The higher SOFA
score indicates higher severity of organ dysfunction or a higher number of organs with

dysfunction (see Appendix B).

Period prevalence: Conceptually, period prevalence is “the prevalence measured over
an interval of time. It is the proportion of persons with a particular disease or attribute at

any time during the interval”.

Operationally, the number of adult patients diagnosed with sepsis and SS and admitted
between the last two years stating since 1st April 2019 to the 1st April 2021
retrospectively divided by the total number of patients admitted in the adult ICUs of
Makassed Hospital at the same period. Prevalence was expressed as a number out of
100 (Percentage %). While every patient with sepsis represented one case, a patient with

recurrent sepsis events was counted as one also.

Mortality rate: Conceptually, death rate occur over period of time (Tanriover et al.,
2006).

Operationally, mortality rate was the number of deaths that occur from all causes at the
end period of hospitalization.

Hospital length of stay (LOS): Conceptually, patients’ hospital LOS is “average

number of days those patients spend in hospital”.

Operationally, patients’ hospital LOS was measured by counting the total number of
days a patient stayed in the hospital, including ICU LOS. It was rounded to nearest 0.5
day.

ICU length of stay: Conceptually, number of calendar days spent in ICU (Marik &
Hedman, 2000).

Operationally, patient ICU LOS was measured by counting the total number of days a
patient stayed in the ICU. It was rounded to nearest 0.5 day.
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1.11 Problem Statement

Sepsis is a heterogeneous condition in which multiple severe symptoms may develop
rapidly (Fabien, 2017). Sepsis affects 31 million patients worldwide annually
(Fleischmann et al., 2016). Some studies showed that sepsis had an incidence rate of
285 cases per 100,000 hospital admissions in Taiwan (Shen et al., 2010), and 240 cases
per 100,000 admissions to acute care hospitals in the USA (Martin et al., 2003).
Another study showed that in the ICUs, severe sepsis occurs in 11% to 27% of the
patients (Shen et al., 2010).

The prevalence of sepsis among ICU patients ranged from 6% to 30% depending on
sepsis definition used (Martin et al., 2003; Jean-Louis Vincent et al., 2006) and the
prevalence rate of SS was 13.7% among 10,941 adult patients admitted in 14 ICUs in
France (Quenot et al., 2013). In Jordan, a retrospective study reviewed laboratory
values, epidemiology, and clinical features of neonates admitted to one hospital between
2012 and 2015 (Yusef, Shalakhti, Awad, Algharaibeh, & Khasawneh, 2018). The study
showed that 68 episodes of sepsis happened during that period, and the risk factors that
might be predisposed neonates to sepsis were being a preterm neonate, having infection
with multi-drug resistant organisms (Yusef et al., 2018), and having resistant gram-
negative bacteria (Khassawneh et al., 2009). Another retrospective study done in
Palestine about epidemiology of sepsis and septic shock among ICU patient at a tertiary
hospital that admitted from January 1, 2017, and December 31, 2018. The study found
that 174 episodes of sepsis and SS happened during that period, 54% have infected with
multi-drug resistant bacteria with an average mortality rate of 39.7% (Rabee et al.,
2020).

It was documented that nurses have a vital role in the early identification and treatment
of sepsis (Burney et al., 2012; Kleinpell, Blot, Boulanger, Fulbrook, & Blackwood,
2019). They can improve patients' healthcare by assessing patients for sepsis and
applying evidence-based protocols of sepsis treatment (Lopez-Bushnell, Demaray, &
Jaco, 2014; Robson & Daniels, 2013). Unfortunately, it was shown that late diagnosis
was the most reported obstacle for treating sepsis patients (Burney et al., 2012). For this
reason, it is crucial that nurses screen patients for sepsis and SS and respond instantly to
the signs and symptoms of sepsis and implement the necessary treatment. Indeed, sepsis
IS not easy to identify; the signs and symptoms are similar to those that belong to other
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diseases and can be confusing (Gaieski, Edwards, Kallan, & Carr, 2013). Moreover,
sepsis is usually under-reported because it happens in the presence of other

comorbidities.

1.12 Study Purpose

The purpose of this study was to describe retrospectively within the last two years the
prevalence rate, mortality, and LOS of adult patients with sepsis/septic shock in adult
ICU at Makassed Hospital in Palestine.

1.13 Significance of the Study

Sepsis is a common illness. Different studies showed that sepsis prevalence rates among
adult patients in ICUs ranged between 6.3% and 53% (Angus et al., 2006; Group, 2016;
van Gestel et al., 2004). A study revealed that the percentage of admissions of patients
with sepsis was doubled from 3.9% to 9.4% in three acute care hospitals in the USA
during the period between 2010 and 2015 (P<.001) (Mayr et al., 2014).

Studying sepsis is a research priority. The World Health Organization (WHO) (2017)
identified future sepsis research priorities. One of them was the need to understand the
epidemiological burdens of sepsis using reliable data based on recently standardized
definitions of sepsis and SS. The Surviving Sepsis Campaign (SSC), a global sepsis
initiative, recommended six top research priorities for sepsis and SS, one of them was
studying which information identifies organ dysfunction (Coopersmith et al., 2018).
Validation of sepsis screening tools, including SOFA, was recommended by Lester and
Hartjes (2018) (Lester, Hartjes, & Bennett, 2018). Using a Delphi survey, Sun et al.
(2017) indicated that critical care is an essential priority for nursing research in the

Eastern Mediterranean region, including Palestine (Sun et al., 2017).

As noted from the reviewed literature, sepsis and SS among adults in Palestine did not
receive enough focus and research studies, and no similar study was conducted in the
country. The current study sought to answer this gap in knowledge. No information was
found about the prevalence of sepsis among ICUs patients in Palestine. There just
previous study that was mentioned previously, which described epidemiology of sepsis
and SS that conducted in medical ICU without comparing between patient with sepsis

and SS and patient not sepsis and SS, no described about predictor for sepsis and
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mortality moreover SS diagnose in this study dependent on BP reading alone without
lactic acid reading.

The current study results will add significant information to the body of nursing and
medical literature about sepsis prevalence and patients’ outcomes. Furthermore, this
study provided baseline information about sepsis and SS in Palestine. As expected, this
study will broaden the horizons of the awareness of nursing educators, physicians,
administrators, researchers, and clinicians regarding this crucial issue in Palestine. It is
expected that the findings of this study will help nurses, physicians, and other healthcare
providers in obtaining more information about this crucial issue in order to encourage

focusing on improving screening of patients with sepsis and SS in Palestine.

1.14 Research Questions
e What is the prevalence rate of sepsis and SS within the last two years period among

adult patients admitted to adult ICUs at Makassed Hospital?

e What is the mortality rate among adult patients with sepsis and SS admitted to adult
ICUs at Makassed Hospital?

e What are the predictors of mortality among adult patients with sepsis and SS
admitted to adult ICUs at Makassed Hospital?

e What is the difference in hospital and ICU length of stay between adult patients with
sepsis and SS and adult patients without sepsis and SS admitted to adult ICUs at
Makassed Hospital?
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Chapter Two
Methods

Chapter two describes the methodology used in this study. This chapter provides a
detailed description of the study design, settings, sample size and sampling method,
inclusion and exclusion criteria, instruments, ethical considerations, data collection, and

data analysis.

2.1 Design

A correlational descriptive design was used in the current study. This design can help
describe and observe aspects of a phenomenon as they occurred. Furthermore, this
design was appropriate to investigate relevant research problems (Alberti et al., 2002;
Baharoon et al., 2009). The researcher of the current study described sepsis and SS

prevalence, patients’ outcomes in adult ICU at Makassed Hospital in Palestine.

2.2 Settings

The study was conducted at Makassed Hospital in Palestine which provide a wide range
of healthcare services. The adult ICU setting had 10 ICU beds.

2.3 Sample and Sampling

All patients who were admitted to adult ICU at Makassed Hospital with age > 18 years
was the target population. However, retrospective sampling was used of patients
admitted into the adult ICU during the two years period retrospectively between the
time period of April 2019 to 1* of April 2021 at Makassed Hospital.

All patients who were admitted to the ICU in the selected hospital during the study
period were included. Data relevant to age, gender, BP, SOFA score, CCl score, LOS in
Adult ICU, LOS in hospital, mortality status were collected by the researcher for all
groups of patients with sepsis, with SS and patients without sepsis and SS. Data relevant
to the type of microorganisms, site of infection, if patient was on mechanical ventilator
or have urinary catheter or central venous line were collected for patients diagnosed

with sepsis and SS.
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2.4 Sample Size

The sample size was calculated using G*Power software version 3.1 (Faul, Erdfelder,
Lang, & Buchner, 2007). For calculation of sample size, the P level was set at (.05), the
power level was set at (.80), and Effect Size (ES) was set at (.2). This value of ES fell at
the borderline between small and medium effect size. Based on the entered values, the
calculated total sample size (N) was 150 patients with sepsis and SS.

2.5 Inclusion and Exclusion Criteria

Patients with suspected or confirmed sepsis were usually admitted via ED to the ICU if
their conditions were deteriorating (Daniels, Nutbeam, McNamara, & Galvin, 2011).
All Patients admitted in the adult ICU between the time period of 1% April 2019 to the
1% April 2021 were included. Additional eligibility criterion patient age > 18 years
(Grozdanovski et al., 2018; Jacobson, Johansson, & Winsd, 2004). Patient admitted for
less than 24 hour were excluded and those who were readmitted at the same hospital
were also excluded (Grozdanovski et al., 2018).

2.6 Instruments

The first part of the instrument was a flowchart for screening patients with sepsis and
SS, which was adapted from the study of the International Taskforce (Sepsis-3) by
Singer et al. (2016) (see Appendix A) (Singer, Deutschman, Seymour, Shankar-Hari,
Annane, Bauer, Bellomo, Bernard, Chiche, & Coopersmith, 2016). This instrument
included the SOFA tool that first used by Vincent et al. (1996) to describe the degree of
failure of six different body systems (see Appendix B) (J-L Vincent et al., 1996).

The second part of the instrument developed by the researcher to collect patients’
sociodemographic characteristics and clinical variables. This instrument sought baseline
information like age, gender, site of infection, having a urinary catheter or central
venous line, name of microorganisms in microbiology cultures, having mechanical
ventilation or not, ICU LOS, hospital LOS, mortality status, and other variables (see
Appendix C).

The third part of the instrument measured comorbidities using the Charlson
Comorbidity Index (CCI) (Cildir et al., 2013).
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2.7 Validity and Reliability of the Instruments

The instruments were previously validated and tested for reliability (Arts, de Keizer,
Vroom, & de Jonge, 2005; Cildir et al., 2013; de Groot, Beckerman, Lankhorst, &
Bouter, 2003; Lambden, Laterre, Levy, & Francois, 2019; Singer, Deutschman,
Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, & Coopersmith,
2016; Singer, Deutschman, Seymour, Shankar-Hari, Annane, Bauer, Bellomo, Bernard,
Chiche, Coopersmith, et al., 2016; J-L Vincent et al., 1996). The content validity,
construct validity, predictive validity, and ecologic validity of Sepsis-3 were previously
established through and expert consensus process (Singer, Deutschman, Seymour,
Shankar-Hari, Annane, Bauer, Bellomo, Bernard, Chiche, Coopersmith, et al., 2016).
Similarly, the reliability and accuracy of SOFA scoring was previously established
(Arts et al., 2005; Lambden et al., 2019). Using a gold standard, the total SOFA scores
showed a mean absolute deviation of 0.82 and the inter-rater reliability was more than
80%. Similarly, the CCI was shown to be valid with good test-retest and inter-rater
reliability (de Groot et al., 2003).

In this study, the used tools were reviewed by experts in the domain who judged that the

tools were suitable for use and can generate relevant data.

2.8 Ethical Considerations

Approval to conduct the study was obtained from the Institutional Review Board (IRB)
of An-Najah National University. Permission from the hospital administration and

Makassed Hospital Ethics (Medical Research) Committee was obtained.

2.9 Data Collection

The study was based on a retrospective analysis of electronic patients ICU records from
the 1% April 2019 to the 1% April 2021 of patients admitted to adult ICU at Makassed

Hospital. Informed consent was not required for this retrospective study.

The initial screening of patients for sepsis and SS was carried out collaboratively by the
researcher. Data were only collected from the adult ICU. All patients who were
admitted to the adult ICU were evaluated for diagnose of sepsis or SS or None sepsis
and SS.
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Surviving sepsis campaign in 2021 defined sepsis consistently with The Third
International Consensus definition (Sepsis-3) (Evans et al., 2021).

Inclusion criteria were > 18 years. All patients admitted to Adult ICU between 1% April
2019 to the 1° April 2021 except patients who stayed in the ICU less than 24 hour and
those who were readmitted to the hospital were excluded to ensure that a single
individual was not counted multiple times as an admission in the data. This was done to
prevent correlated data that would violate our regression principles (Norman, Cooke,
Ely, & Graves, 2017).

Data collection comprised demographic data (age, gender, comorbidities, laboratory
data, BP, ICU LOS, Hospital LOS and mortality status) for all patient admitted to Adult
ICU but the Data relevant to the type of microorganisms, site of infection, if patient was
on mechanical ventilator or have urinary catheter or central venous line were collected

only for patients diagnosed with sepsis and SS.

SOFA was calculated for all patients admitted to Adult ICU that ranged from (0-24) by
use worst reading in the first 24 hour follow ICU admission (Huang et al., 2015;
Riedemann et al., 2003; Schlapbach, Straney, Bellomo, MacLaren, & Pilcher, 2018).

2.10 Data analysis

The researcher entered the data into the Statistical Package for the Social Sciences
(SPSS). Data were analyzed using SPSS version 23 (IBM Corp, 2015). Descriptive
statistics (mean, median, standard deviation, range, percentage, and frequency) were
used to describe sample characteristics and clinical variables. Suitable statistics were
used depending on the level of measurement of the variables and their level of
skewness. Thirty-day mortality was described by a nominal level of measurement
(alive/dead). Hospital and ICU LOS were described by a continuous level of
measurement (number of days). A Chi-square test, an independent samples t-test were
performed to test the difference in hospital and ICU LOS among the two groups of
patients. In addition, a binary logistic regression test was used to assess predictors of

30-day mortality among patients with sepsis.
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Chapter Three
Results

Chapter three provides detailed results of the data collection and analysis used in this
thesis. In this thesis, prevalence of sepsis and septic shock among ICU patients was
measured and evaluated. In this chapter, details of the variables of the patients that were
collected and analyzed are provided. Additionally, this chapter provides prevalence
rates of sepsis and SS among patients admitted to the ICU, description of the infection
site among sepsis and SS patients, details of the microorganisms identified in blood
cultures, urine cultures, sputum cultures, SOFA scores, mortality rates, and predictors of

mortality.

Results

This thesis was created in order to measure and evaluate the prevalence of sepsis and
septic shock among ICU patients. Furthermore, to assess the demographic and
characteristics variables of patients who are exposed to sepsis and the septic shock
among those patients admitted to the critical care units. And, to know the variables that
predict the occurrence of sepsis and the septic shock among the participants from the
critical care patients. Finally, to assess the ability of some predictive tools in predicting
the occurrence of mortality, sepsis and the septic shock among the participants from the

critical care patients.

3.1 Prevalence sepsis and septic shock among the study participants of ICU

patients

Table 3.1 shows that the prevalence percentage of patients who developed sepsis
reached 13.6%, where the percentage of sepsis without developing into shock was only
7.8%, while the percentage of those patients with whom the sepsis developed into SS

was 5.8% among the study participants of ICU patients.

19



Table 3.1
Prevalence percentage of patients who developed sepsis and SS among the study participants of
ICU patients

Variable Category Frequency %
None 951 86.4
. Sepsis 86 7.8
S
opsts ss 64 5.8
Total 1101 100.0

Note. SS: Septic shock

3.2 Infection site among sepsis group

Concerning the site of infection among the critical care patients who developed sepsis,
the results showed that the urinary system was the most (33.3%) susceptible site to
infection among patients, then followed by the blood (25.8%) and then the respiratory
system (23.7%), while soft tissue, central nervous system and the digestive system,
were the least susceptible site to infection (2.5%, 1.5%, and 1% respectively). See Table
3.2 and Figure 3.1.

Table 3.2

Infection sites among sepsis group
Infection site Frequency %
Urinary System 66 33.3
Blood Stream 51 25.8
Respiratory System 47 23.7
Other 24 12.1
Soft Tissues 5 2.5
Central Nervous System 3 15
Gastrointestinal System 2 1.0
Total 198 100.0
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Figure 3.1
Infection sites among sepsis group
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3.3 Infection sites among septic shock group

Concerning the site of infection among the critical care patients who developed septic
shock, the results showed that the urinary system was the most (37.6%) susceptible site
to infection among patients, then followed by the respiratory system (26.1%) and then
the blood (19.7%), while the digestive system and soft tissue were the least susceptible

site to infection (3.8% and 1.9% respectively). See Table 3.3 and Figure 3.2.

Table 3.3

Infection sites among septic shock group

Infection site Frequency %
Urinary System 59 37.6
Respiratory System 41 26.1
Blood Stream 31 19.7
Other 17 10.8
Gastrointestinal System 6 3.8
Soft Tissues 3 1.9
Total 157 100.0
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Figure 3.2
Infection sites among septic shock group
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3.4 Culture samples (blood, urine, and sputum) and types of bacteria

among intensive care units patients

3.4.1 Positive culture samples

Regarding the percentages of positive culture samples among ICU, the results showed
that the percentage of positive tests among the blood culture samples was 12.6%, while
among the urine culture samples it was 12.5%, while among the sputum culture samples
it was 10.6%. See Table 3.4.

Table 3.4

Positive culture samples

Culture Result Frequency %
None 961 87.4
Blood Yes 139 12.6
Urine None 962 87.5
Yes 138 12.5
Sputum None 983 89.4
Yes 117 10.6
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3.4.2 Type of bacteria causing infection among ICU patients in blood

culture

As for the type of bacteria causing infection among ICU patients, the results showed
that Coagulase negative staphylococcus was the most common bacteria present in blood
culture samples, followed by Acinetobacter and Escherichia coli (3.8%, 0.8%, and 0.7%
respectively). While VRE, Proteus spp., CRE was the least (0.1% for each). See
Table 3.5.

Table 3.5
Blood culture: type of bacteria causing infection among ICU patients

Type of bacteria Frequency %

None 961 87.4
Coagulase negative staphylococcus 42 3.8
Acinetobacter 9 0.8
Escherichia coli 8 0.7
Enterococcus spp. 8 0.7
Yeast 6 0.5
Pseudomonas spp. 6 0.5
Klebsiella 6 0.5
Staphylococcus aureus 4 0.4
Diphtheroid spp. 3 0.3
MRSA 3 0.3
Streptococcus Other 3 0.3
Streptococcus group D 2 0.2
Enterobacter spp. 2 0.2
Morganella morganii 2 0.2
Anaerobes 2 0.2
VRE 1 0.1
Proteus spp. 1 0.1
CRE 1 0.1

3.4.3 Type of bacteria causing infection among ICU patients in urine

culture
As for the type of bacteria causing infection among ICU patients, the results showed
that Yeast was the most common bacteria present in urine culture samples, followed by
Escherichia coli and Pseudomonas spp. (5.2%, 2.1%, and 1.3% respectively). While
Coagulase negative staphylococcus, Proteus spp., and Citrobacter species was the least
(0.1% for each). See Table 3.6.
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Table 3.6
Urine culture: type of bacteria causing infection among ICU patients

Type of bacteria Frequency %
None 962 87.5
Yeast 57 5.2
Escherichia coli 23 2.1
Pseudomonas spp. 14 1.3
Acinetobacter 13 1.2
Klebsiella 9 0.8
Enterobacter spp. 4 0.4
Enterococcus spp. 4 0.4
VRE 3 0.3
CRE 3 0.3
Streptococcus Other 2 0.2
Diphtheroid spp. 2 0.2
Coagulase negative 1
staphylococcus 0.1
Proteus spp. 1 0.1
Citrobacter species 1 0.1

3.4.4 Type of bacteria causing infection among ICU patients in sputum

culture

As for the type of bacteria causing infection among ICU patients, the results showed
that Acinetobacter was the most common bacteria present in sputum culture samples,
followed by Yeast and Pseudomonas spp. (3%, 2.7%, and 2.2% respectively). While
Coagulase negative staphylococcus, Stenotrophomonas maltophilia, and Citrobacter

species was the least (0.1% for each). See Table 3.7.
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Table 3.7

Sputum culture: type of bacteria causing infection among ICU patients

Type of bacteria Frequency %

None 983 89.4
Acinetobacter 33 3.0
Yeast 30 2.7
Pseudomonas spp. 24 2.2
Klebsiella 10 0.9
Escherichia coli 7 0.6
Haemophilus influenzae 6 0.5
MRSA 5 0.5
Enterobacter spp. 4 0.4
Staphylococcus aureus 4 0.4
CRE 2 0.2
Streptococcus Other 2 0.2
Proteus spp. 1 0.1
Coagulase negative staphylococcus 1 0.1
Stenotrophomonas maltophilia 1 0.1
Citrobacter species 1 0.1

3.5 SOFA scores: Comparison of the three Groups’ ICU patients

As for the results of the SOFA test, the results reflect that the values of all system in the
scale are generally higher among the patients who suffered from septic shock than the
values of the other participants, and also, the participants who suffered from sepsis had
higher values of all systems in the scale than the participants who did not have sepsis or

septic shock, and these differences were significant. See Table 3.8 and Figure 3.3.

25



Table 3.8
SOFA scores: Comparison of the three groups

SEPSIS
System SOFA Total None Sepsis Septic P value
score shock
0 431(39.3%) 430(45.4%)  1(1.2%) 0(0.0%)
1 401(36.5%) 383(40.4%) 17(19.8%)  1(1.6%)
Respiratory 2 67(6.1%) 30(3.2%)  30(34.9%) 7(10.9%)  <0.001
3 132(12.0%) 70(7.4%) 36(41.9)  26(40.6%)
4 67(6.1%) 35(3.7%) 2(2.3%)  30(46.9%)
0 795(72.3%)  737(77.7%) 43(50.0%) 15(23.4%)
1 171(15.6%)  138(14.5%) 22(25.6%) 11(17.2%)
Coagulation 2 87 (7.9%) 58(6.1%)  14(16.3%) 15(23.4%) <0.001
3 35(3.2%) 12(1.3%) 6(7.0%)  17(26.6%)
4 11(1.0%) 4(0.4%) 1(1.2%) 6(9.4%)
0 961(88.0%)  858(91.1%) 66(76.7%) 37 (57.8%)
1 55(5.0%) 38(4.0%)  11(12.8%) 6 (9.4%)
Hepatic 2 57(5.2%) 36(3.8%) 8(9.3%) 13(20.3%) <0.001
3 13(1.2%) 6(0.6%) 1(1.2%) 6(9.4%)
4 6