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Abstract

Early Management of Community-Acquired Sepsis in a Regional Thai Referral Hospital:
a Prospective Observational Study

Kristina E. Rudd

Chair of the Supervisory Committee:
Professor Annette L. Fitzpatrick
Department of Epidemiology
Purpose: The epidemiology and management of sepsis is poorly characterized in low- and middle-
income countries. Methods: We performed a prospective observational cohort study of adults with
community-acquired sepsis in a 1,420-bed regional referral hospital in northeast Thailand. Sepsis was
defined as suspected infection plus organ dysfunction. Results: Between March 2013 and February 2014,
932 patients with sepsis were enrolled. Five hundred twelve (55%) were male and the mean age was 54
years. Eighty three percent of patients were transferred from other hospitals. Eighty four percent of
patients were first evaluated in the Emergency Department, where median length of stay was 25 minutes.
In the first day after presentation to the study hospital, the majority had blood cultures ordered (80%) and
received antibiotics (84%). Most patients were admitted to the general medical wards; 15% were admitted
to the intensive care unit (ICU) within the first hospital day. Patients admitted to the ICU had similar
demographics and pre-existing co-morbidities but were more critically ill, and were and more likely to
receive all measured sepsis management interventions. In-hospital mortality was 9% (87/932) and 28-day
mortality was 22% (203/932). The 28-day mortality was significantly higher for patients admitted to the
ICU on the first day (45% [63/139] vs. 18% [140/793], p<0.001). Conclusions: Sepsis in a regional
referral hospital in rural Thailand, where some resources are limited, is commonly managed on general
medical wards despite high rates of respiratory failure and shock. Twenty-eight-day mortality is

comparable to some high-resource settings.



Introduction

Sepsis is the dysregulated host response to infection that results in life-threatening organ dysfunction [1].
Sepsis is a global problem; over 19 million cases of sepsis (formerly severe sepsis) and 5 million sepsis-
related deaths are estimated to occur worldwide each year [2]. Although data are incomplete, the burden
of sepsis is particularly heavy in resource-limited settings [3]. Thus it is critical to better characterize

sepsis in such environments.

The management of sepsis is evolving, but current evidence and recommendations emphasize the
importance of early recognition and initiation of antimicrobial therapies, and provision of necessary organ
support [4]. While outcomes from sepsis have been improving in recent years, perhaps due to increased
clinical awareness of sepsis [5,6], several randomized controlled clinical trials have not provided evidence
that specific sepsis care protocols yield a benefit over usual clinical management [7-9]. Nearly all of

these studies have been conducted in high resource settings.

There may be important differences in how and where patients with sepsis are managed in resource-
limited settings. For example, emergency department capabilities and access to intensive care may be
limited. Oxygen, antimicrobials, intravenous fluids, and vasoactive agents may not be available. To
develop a better understanding of sepsis management in resource-limited settings, we analyzed the initial
management of adult patients with community-acquired sepsis presenting to a tertiary referral hospital in
rural Thailand, a middle-income country. We performed this analysis on data collected during the first

year of a prospective observational study of patients with community-acquired sepsis.

Thailand is an upper-middle income country, spending $228 USD on health per capita in 2014 (in
comparison, the United States of America spent $9,403 USD on health per capita in 2014) [10]. The

median age is 37 years, and 48% of the population lives in urban areas [11]. Life expectancy at birth is 75



years, similar to that of the World Bank upper-middle income country group. The Thai Ministry of Public
Health operates government health facilities and is responsible for development, implementation,
monitoring, and evaluation of national health policy [12]. All Thai citizens are covered by a universal
health insurance program, which has been in place since 2002. The universal insurance scheme is
comprised of three individual programs — Civil Servant Medical Benefit Scheme (for civil servants and
their dependents), Social Health Insurance Scheme (for private sector employees), and Universal
Coverage Scheme (the rest of the population). Public hospitals account for 79% of total hospital beds in

the country.

While non-communicable diseases account for 73% of all disability-adjusted life years (DALYSs) lost to
ill health in Thailand, infectious diseases continue to cause significant death and disability [13]. Lower
respiratory tract infections are the leading cause of communicable disease, accounting for 5% of all health
loss in terms of DALY's and 87 deaths per 100,000 population in 2015. HIV/AIDS, tuberculosis, diarrheal
diseases, and meningitis are the next most common causes of morbidity and mortality due to
communicable diseases (in DALYs). Other common infections in Thailand include dengue fever, viral

hepatitis, and malaria.

While over 80% of the 5 million sepsis-related deaths each year are thought to occur in low- and middle-
income countries (LMICs)[2], the vast majority of research on sepsis epidemiology, management, and
outcomes is conducted in high-income countries. This is highly problematic, as there are important
differences in the patient populations at risk, infecting pathogens, and available resources to treat sepsis in
LMICs. Research on the epidemiology and management of sepsis in LMICs is critically important for the
purposes of health services planning, to optimize care of patients with sepsis in low-resource settings in

LMICs, and to inform future research.



Specific Aims

Despite the very high burden of sepsis in LMIC:s, little data exist on the epidemiology of sepsis in these
settings. To address this critical knowledge gap, I will describe the presentation, initial management, and
outcomes of adult patients with community-acquired sepsis at a large regional referral hospital in
northeast Thailand. I will accomplish this overall study objective via the following three specific aims,
using the Ubon-Sepsis cohort, a prospectively-enrolled cohort of adult patients with community-acquired

sepsis admitted to Sunpasithiprasong Hospital in Ubon Ratchathani, Thailand.

Aim 1. Describe the characteristics and outcomes of patients in the first year of the Ubon-Sepsis cohort.

Aim 2. Describe the initial management of patients in the first year of the Ubon-Sepsis cohort.
Aim 2a. Describe the clinical management prior to transfer, for those patients who were
transferred from another hospital to Sunpasithiprasong.
Aim 2b. Describe the clinical management in the Sunpasithiprasong Hospital Emergency
Department (ED).
Aim 2c. Describe the clinical management in the first day of admission to Sunpasithiprasong

Hospital, stratified by admission ward (intensive care unit (ICU) vs non-ICU).

Aim 3. Assess the clinical characteristics present at the time of presentation to the Emergency Department

associated with admission to the intensive care unit.



Methods

Study design and study site

We conducted a prospective observational study of community-acquired sepsis at Sunpasitthiprasong
Hospital, Ubon Ratchathani, Thailand from March 2013 to December 2016. Ubon Ratchathani is the
largest province in northeast Thailand with a population of 1.8 million, covers an area of 16,113 km?, and
is bordered by Cambodia to the south and Laos to the east. Sunpasitthiprasong Hospital is a public
tertiary-care hospital with 1,200 non-intensive care unit (ICU) beds and 220 ICU beds, providing care to
people living within its catchment area and acting as a referral hospital for smaller district hospitals.
Severely ill patients presenting to district hospitals are often referred to Sunpasitthiprasong Hospital,

which is equipped with microbiology facilities and specialty physicians.

Study participants

We prospectively enrolled patients >18 years of age who were admitted with a primary diagnosis of
infection made by the attending physician, were within 24 hours of admission to the study hospital, and
had at least three Surviving Sepsis Campaign diagnostic criteria for sepsis documented in the medical
record (Supplemental Table 1) [14]. As this study was limited to community-acquired sepsis only, we
excluded patients who were suspected of having hospital-acquired infections, had a hospital stay within
30 days prior to this admission, or were transferred from other hospitals with a total duration of
hospitalization >72 hours. The study is registered on clinicaltrials.gov (NCT02217592). For this analysis,
we evaluated patients enrolled from March 2013 to February 2014 with sepsis (formerly severe sepsis),
defined as infection plus the presence of organ dysfunction. At the time of study enrollment, consensus
definitions of sepsis (Sepsis-2) differentiated between sepsis, systemic inflammatory response syndrome
in the presence of a suspected or confirmed infection, and severe sepsis, the additional presence of organ

dysfunction [15]. In January 2016, updated consensus definitions were released (Sepsis-3), dispensing



with the term severe sepsis and changing the definition of sepsis to life-threatening organ dysfunction due

to dysregulated immune response to infection [1].

Organ dysfunction was determined by the presence of at least one of the following features at the time of
study enrollment: systolic blood pressure (SBP) < 90mmHg, mean arterial pressure (MAP) <70mmHg,
SBP drop >40mmHg (since initial presentation), or vasopressor use; pulse oximetry <90%, arterial partial
pressure of oxygen (PaO2) <60mmHg, ratio of PaO2 to fraction of inspired oxygen (Fi02) <300, or
mechanical ventilation; platelet count <100,000 u/L, international normalized ratio (INR) >1.5, or partial
thromboplastin time (PTT) >60 sec; Glasgow Coma Scale (GCS) <14; acute oliguria, creatinine increase
>0.5 mg/dL, or creatinine >2 mg/dL without history of chronic kidney disease; total bilirubin >4 mg/dL;
and venous lactate >3 mmol/L. These are standard markers of organ dysfunction in the field of critical

care medicine and are largely based on the Surviving Sepsis Campaign criteria[14].

Trained research nurses sequentially screened all medical patients admitted with a primary diagnosis of
infection by conducting ward rounds and reviewing admission logs in the emergency department (ED),
medical wards and medical ICUs twice on every working day. In addition, ED staff notified the study
team directly about potentially eligible patients. Patient eligibility for the study was determined only from

the data documented in the medical charts.

Study team point-of-care assessments

After enrollment, each patient was evaluated by the study team at the bedside using four point-of-care
assessments: a whole blood lactate rapid diagnostic test (RDT) (Lactate Pro 2, Arkray Global Business
Inc., Australia), a whole blood glucose RDT (ACCU-CHECK Performa, Roche Diagnostic, Germany),
pulse oximetry (Nellcor N-65, Covidien plc., Ireland) and GCS. The results were reported to the treating

physicians. The study did not involve any clinical interventions; all treatment was provided by attending



physicians and the medical teams. Mortality at 28 days after enrollment was evaluated via study nurse

report or telephone contact if subjects were no longer hospitalized and had been discharged alive.

We conducted the study in full compliance with the principles of good clinical practice and the ethical
principles of the Declaration of Helsinki. The study protocol and related documents were approved by
Sunpasithiprasong Hospital Ethics Committee (039/2556), the Ethics Committee of the Faculty of
Tropical Medicine of Mahidol University (MUTM2012-024-01), the University of Washington
Institutional Review Board (42988), and the Oxford Tropical Research Ethics Committee of the

University of Oxford (OXTREC172-12).

Statistical analysis

For continuous data, means and standard deviations (SDs) are reported where the data followed a normal
distribution and medians and interquartile ranges (IQRs) are reported where the data followed a non-
normal distribution. The t-test was used for comparison of continuous data. For categorical data, counts
and percentages are reported and the Chi-square test or Fisher’s exact test (when any cell had a value less
than 10) was used for comparisons. We assessed the clinical characteristics present at the time of
presentation to the Emergency Department associated with admission to the ICU using a multivariable
logistic regression model. Covariates in the models, chosen a priori, included age, sex, presence of at
least one co-morbidity, pulse oximetry, SBP, GCS score, creatinine, bilirubin, platelets, presence of
respiratory failure, receipt of adrenergic agent, transfer from ED or inpatient status at another medical
facility, and nighttime admission. We performed a Kaplan-Meier analysis to assess 28-day survival by
admitting location. All analyses were performed using Stata version 14.1 (StataCorp, College Station,

TX, USA).

Role of the funding source



This study was funded by the National Heart, Lung and Blood Institute of the National Institutes of
Health (RO1HL113382 and T32HL007287) and the Wellcome Trust (090219/Z2/09/Z2). All study
activities, including data collection, data analysis, data interpretation, and writing of the report were

performed solely by the participating authors without the sponsors’ involvement.



Results

Baseline characteristics

We enrolled 1,211 patients from March 2013 through February 2014. Vital status at 28 days after
enrollment was unavailable for 3 (0.2%) patients, and 1 (0.08%) withdrew consent after enrollment; these
patients were excluded from analysis. Nine hundred thirty two (77%) met the definition of sepsis,
exhibiting organ dysfunction as described above, and were retained for further analysis. The
characteristics of the patients at enrollment are shown in Table 1. The majority of patients (N=512, 55%)
were male and the mean age was 54 years (SD 20). Three hundred ninety three (42%) patients had a pre-
existing medical condition. The mean lowest recorded systolic blood pressure was 91 mm Hg (SD 22)

and mean platelet count was 149,940 cells/pL (SD 122,338 cells/uL).

Prior management

Of the 932 patients with sepsis, 773 (83%) were transferred to Sunpasitthiprasong Hospital from one of
19 healthcare facilities. Of these patients, 35 (5%) had blood cultures ordered and 472 (61%) were
prescribed at least one antibiotic prior to transfer. Ceftriaxone was the most commonly prescribed
antibiotic (N=385, 50%). Three hundred fifty three (46%) patients received intravenous (IV) fluid at the
referring facility. Two hundred sixty nine (35%) of patients received an IV adrenergic agent, most

commonly dopamine.

Emergency Department management

Of 932 patients, 783 (84%) were first evaluated in the ED and the rest were evaluated in the outpatient
department. The median length of stay in the ED was 25 mins (IQR 20-40 mins), and 693 (89%) were

transferred from other facilities. Of the 783 patients evaluated in the ED, 579 (74%) had blood cultures
ordered and 514 (66%) were prescribed at least one antibiotic prior to study enrollment (Table 2).

Ceftriaxone was the most commonly prescribed antibiotic (346/783, 44%). For the 479 patients for whom
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data were available, the median time from presentation to antibiotic administration was 4.5 hrs (IQR 2.3-
7.3 hrs), indicating that most antibiotics were administered after patients left the ED. There was no
difference in time to first antibiotic administration between patients who were or were not transferred
from other facilities. Two hundred ninety four (38%) patients were prescribed IV fluid in the ED; the
mean volume received was 733mL (SD 557). Two hundred eighty seven (37%) patients were prescribed
an IV adrenergic agent, most commonly dopamine. Ninety seven (12%) patients were mechanically
ventilated in the ED, mostly with an electrical ventilator (78/97); the remainder were mechanically

ventilated with a gas-powered ventilator.

Admission ward and management during the first hospital day

Of all 932 patients with sepsis evaluated in either the ED or the OPD, 65 (7.0%) were admitted
immediately to the ICU. An additional 74 patients (8%) were transferred to the ICU by the first hospital
day; a total of 139 patients (15%) were managed in the ICU at some point in the first day of their
admission. The remaining patients were managed on general medical wards. Patients admitted to the ICU
during the first hospital day were more likely than those admitted to the general medical wards during the
same time period to receive all measured interventions, including antibiotics, fluids, blood cultures,
mechanical ventilation, vasopressors, placement of a urinary catheter, and dialysis (Table 3). Nonetheless,
one-third (N=261, 33%) of patients on the general medical wards received an adrenergic agent and many
(N=137, 17%) received mechanical ventilation within the first day. The ventilators used on the wards
were primarily gas powered (128/137, 93%) but the ventilators used in the ICUs were primarily electrical

(109/118, 93%).

Outcomes
Overall in-hospital mortality was 9% (87/932) but differed significantly for patients admitted to the ICU
(21%; 29/139) compared to those admitted to the general medical wards during the first day of their

hospitalization (7%; 58/793, p<0.001). Overall 28-day mortality was 22% (203/932) and was higher for

11



patients admitted to the ICU (45%; 63/139) than patients admitted to the general medical ward (18%;
140/793, p<0.001). Survival curves demonstrated that the majority of deaths in patients admitted to the
ICU occurred within a week of admission (Figure 1). The majority of patients who died after hospital
discharge but within 28 days of enrollment were discharged in a moribund condition (87%; 101/116),

with a median time to death of 5 days after discharge (IQR 2-13 days).

Clinical characteristics associated with ICU admission
The availability of ICU beds is far exceeded by the number of septic patients. To determine how access to
this restricted resource is allocated, we performed univariable and multivariable analysis of patient

characteristics present on presentation associated with ICU admission (Table 4, Table 5). Patients

admitted to the ICU were similar to those admitted to the general medical wards with respect to age, sex,
and underlying medical conditions. However, patients admitted to the ICU were more hypoxemic, had
lower GCS, and had higher plasma levels of creatinine and bilirubin (p<0.001). They were also more
likely to have respiratory failure and to be receiving an adrenergic agent. After controlling for other
variables, younger age (OR 0.97 per each 1 year higher age, 95% CI 0.96-0.99), lower SpO2 (OR 0.91

per each 1% higher Sp0O2, 95% CI 0.87-0.95), respiratory failure (OR 3.32, 95% CI 1.59-6.92), and use of
an adrenergic agent (OR 2.72, 9% CI 1.28-5.76) prior to hospital admission were significantly associated

with admission to the ICU within the first day after study enrollment.
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Discussion

This prospective observational study of adults with community-acquired sepsis at a regional Thai referral
hospital provides important new data about patient characteristics and management in this setting. The
most salient findings are that ED stay was remarkably short, perhaps because nearly all of the patients
seen in the ED were transferred from other hospitals, but the majority of patients were prescribed
antibiotics and had blood cultures ordered. In addition, the large majority of patients were admitted to
general medical wards rather than to the ICU. Those who were admitted to the ICU were more critically
ill, with higher rates of hypoxemia, altered mental status, and renal and liver dysfunction, and had higher
mortality. While mechanical ventilation and adrenergic agents were implemented frequently on both the
general medical wards and in the ICU, initiation of hemodialysis was uncommon. Patients received
modest volumes of IV fluid resuscitation in the first day of hospitalization. Sepsis in this setting is a

frequently fatal condition, with a 28-day mortality rate of 22%.

While there are several well-equipped ICUs in the study hospital, these are chronically near capacity. This
may partly reflect the fact that long-term acute care facilities in are not available in this region, as some
chronically ventilated patients must remain in the ICU due to lack of alternative disposition options.
Because the ICUs have so little admitting capacity, critically ill patients often must be admitted to the
medical wards. Indeed, during the first day of hospitalization 74% of patients receiving adrenergic agents
were admitted to the ward vs the ICU (261/351), and more patients with respiratory failure requiring
mechanical ventilation were admitted to the ward than to the ICU (137/255, 54%). Despite this, the sicker
patients were generally admitted to the ICU, with significant differences in multiple markers of organ

dysfunction between the two groups.

Over 80% of medical ward patients and over 90% of ICU patients in our study received at least one

antibiotic in the first day of hospitalization. This is similar to findings by Auma et al, who reported that
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87% of hospitalized adults with sepsis at a public referral hospital in Uganda received antibiotics [16].
While most patients received an antibiotic in the first day of hospitalization, it is notable that 151 (16%)
did not; of those who did not receive antibiotics within the first day of admission at the study hospital, 5
died during their hospitalization. A higher proportion of ICU patients than non-ICU patients received
antibiotics in the first day of admission. In this group of hospitalized sepsis patients, all patients should
receive early antibiotics, and ideally the rate of antibiotic administration should not differ between general
and intensive care settings. This difference perhaps reflects a lower patient-to-provider ratio in the ICUs;
further assessment of the determinants of this difference could potentially inform future sepsis
management guidelines and implementation. Blood cultures are recommended before starting
antimicrobial therapy per the Surviving Sepsis Campaign 2016 International Guidelines [4]. Greater than
70% of patients in this study had blood cultures ordered by their treating teams in the first day of
admission. This is significantly higher than reported in other observational studies of sepsis patients in
low- and middle-income countries (LMICs). Conde et al reported that, among patients in 19 different
hospitals in Brazil, only 16.3% of patients in public hospitals and 34.1% of patients in private hospitals
had blood cultures performed [17]. Patients in our study received less fluid as part of their initial
resuscitation than in the usual care arms of several recent studies of patients with sepsis and septic shock

[7,9,18].

While overall hospital mortality in this study was low, at 9.3%, many patients who were discharged alive
were in a moribund condition and, due to cultural preference, were sent home with the expectation that
they would die shortly after discharge. Thus, in this study, 28-day mortality may be the more robust
measurement and the best point of comparison with other studies. Our overall 28-day mortality rate of
22% is similar to or lower than the in-hospital mortality rate reported by several other groups in LMICs.
For example, Andrews et al reported 33% in-hospital mortality and 45% 28-day mortality for hospitalized
adults with sepsis in the usual care arm of a randomized clinical trial in Zambia, and Waitt et al reported

50% in-hospital mortality for hospitalized adults with sepsis in Malawi [19,20]. The 28-day mortality rate
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in this study was also similar to the in-hospital mortality rates reported in several studies of patients in
high-resource settings. Rhee et al reported 15% in-hospital mortality and 6.2% discharge to hospice
among adult patients with sepsis in 409 U.S. hospitals in 2014, and there was 18.9% in-hospital mortality
among patients in the usual care arm of the ProCESS trial [9,21]. This comparable mortality to higher
resource settings despite limited resources and different management practices could be due to several
contributing factors, such as different causative pathogens [22], different characteristics of the study
population and study subjects, and other factors. Further studies are needed to evaluate these contributing

factors and to assess the impact of different sepsis management strategies in diverse settings.

This study has several limitations. First, we are unlikely to have enrolled all sepsis patients presenting
during the study period. Although study staff consecutively screened all patients admitted to the medical
wards on working days, screening was based upon a clinical diagnosis of suspected infection listed in the
patient’s chart. It is possible that patients with sepsis were initially misdiagnosed with conditions such as
congestive heart failure or exacerbation of chronic obstructive pulmonary disease, and their infections
were not identified until after they were excluded from the study based on screening. Additionally, we did
not enroll surgical, obstetric, or pediatric patients. Second, some unique characteristics of this study
population may limit generalizability. In particular, our population had a very low HIV prevalence
relative to some LMIC settings and had much lower rates of other important comorbidities, such as cancer
or heart disease, relative to some HIC settings. Perhaps the most unique feature of this population was the
very high percentage of patients who were transferred from other facilities, exceeding levels even in some
tertiary or quaternary referral hospitals elsewhere. As the study site is highly resourced relative to some
more rural hospital settings in Thailand, caution must be taken with application of the results to other
settings within the country, as well. Third, as an observational study, our data are limited to those
routinely collected by clinicians in the study hospital, and availability of laboratory data or other invasive

testing likely reflects common clinical practice in this LMIC setting.
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There are several strengths of this study. The size, larger than many studies of sepsis management and
outcomes in LMICs to date, is a major strength. We consecutively enrolled patients, limiting potential
bias due to convenience sampling. We have an excellent follow-up rate, with only three of 1,211 (0.2%)
patients missing vital status at 28 days after enrollment. Following patients to 28 days after enrollment,
and not just tracking vital status at hospital discharge, allowed us to capture a more robust measure of
case fatality in this population. Additionally, while this is a single-center study, over 80% of patients were
transferred to the study hospital from one of 19 referral centers, and we were able to assess management

at the referral centers in addition to management after arrival at the study hospital.

In conclusion, this prospective observational study of patients with sepsis at a regional Thai referral
hospital provides important information about the characteristics, management, and outcomes of patients
at a large public LMIC referral hospital. This study is among the largest published prospective analyses of
patients with sepsis in a LMIC, and provides important information for clinicians, researchers, and public

health professionals working in this arena.

16



Figures and Tables

Table 1. Characteristics at enrollment for 932 adult Thai patients with community-acquired sepsis
enrolled in the Ubon-Sepsis study from March 2013-February 2014

Variable AllNPzagt;e;nts
Male, n (%) 512 (55)
Age (yrs), mean (SD) 54 (20)
Co-morbidities, n (%) 393 (42)
Cancer 11 (1)
Cerebrovascular disease 21(2)
Chronic kidney disease 79 (8)
Diabetes mellitus 155 (17)
Dyslipidemia 32(3)
Heart disease 50 (5)
HIV 19 (2)
Hypertension 181 (19)
Liver disease 30 (3)
Lung disease 72 (8)
SpO, (%), mean (SD)? 95(7.2)
SBP (mm Hg), mean (SD)* 91 (22)
GCS, mean (SD)* 14 (2.4)
Creatinine (mg/dL), mean (SD)™" 2.1(1.8)
Bilirubin (mg/dL), mean (SD)*° 2.0 (3.5)

Platelets (cells/uL), mean (SD)™*

149,940 (122,338)

 Lowest Sp0O2, SBP, GCS, and platelets, and highest creatinine and bilirubin values up to the time of study enrollment are

presented
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Table 2. Emergency Department management of 783 adult Thai patients with community-acquired

sepsis

Therapy Patients Treated in ED
Antibiotic, n (%) 514 (66)

Ceftriaxone 346 (44)

Ceftazidime 131 (17)

Clindamycin 86 (11)

Doxycycline 71 (9)
IV crystalloid, n (%) 294 (38)
IV crystalloid volume (mL), mean (SD)? 733 (557)
Blood culture, n (%) 579 (74)
Arterial blood gas, n (%) 8 (1)
Adrenergic agent, n (%) 287 (37)
Mechanical ventilation, n (%) 97 (12)

*Of patients who received any IV crystalloid

Table 3. Management during first day of hospitalization for 793 adult Thai patients admitted to

general medical wards and 139 adult Thai patients admitted to the ICU with community-acquired

sepsis
Therapy Genle\lr_a;g\yard I_CU P value
= N=139

Antibiotic, n (%) 651 (82) 130 (94) <0.001
IV crystalloid, n (%) 386 (49) 109 (78) <0.001
IV crystalloid volume (mL), mean (SD)? 969 (775) 2031 (1673) <0.001
Blood culture, 7 (%) 623 (79) 120 (86) 0.04
Urinary catheterization, n (%) 388 (49) 131 (94) <0.001
Acute dialysis, n (%) 3(0.4) 3(2) 0.05
Adrenergic agent, n (%) 261 (33) 90 (65) <0.001
Mechanical ventilation, n (%) 137 (17) 118 (85) <0.001

Management of general ward and ICU patients was compared using t-tests for continuous variables and Chi-squared tests for

categorical variables. *Of patients who received any IV crystalloid.
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Table 4. Patient characteristics present upon presentation by for 793 Thai adults admitted to the

general medical wards and 139 adults admitted to the ICU with sepsis

Variable General ward ICU P value
N=793 N=139
Male, n (%) 429 (54) 83 (60) 0.22
Age (yrs), mean (SD) 54 (20) 56 (19) 0.38
Co-morbidities, n (%) 333 (42) 60 (43) 0.80
Cancer 10 (1) 1(0.7) 1.00
Cerebrovascular disease 17 (2) 4(3) 0.53
Chronic kidney disease 69 (9) 10 (7) 0.55
Diabetes mellitus 125 (16) 30 (22) 0.08
Dyslipidemia 28 (4) 4(3) 1.00
Heart disease 41 (5) 9(6) 0.54
HIV 18 (2) 1(0.7) 0.34
Hypertension 154 (20) 27 (21) 0.91
Liver disease 26 (3) 4(3) 1.00
Lung disease 60 (8) 12 (9) 0.67
SpO, (%), mean (SD)* 96 (7.8) 91 (10) <0.001
SBP (mm Hg) , mean (SD) * 95 (27) 90 (27) 0.05
GCS, mean (SD) * 142 (2.2) 13.5(2.7) 0.005
Creatinine (mg/dL), mean (SD) ab 2.1(1.8) 2.8 (2.0) <0.001
Bilirubin (mg/dL), mean (SD) ** 1.8(3.4) 3.0(4.8) 0.002
Platelets (cells/uL), mean (SD) * 154,410 (121,353) 163,462 (136,771) 0.44
Respiratory failure, n (%) 61 (8) 43 (31) <0.001
Receiving adrenergic agents, n (%) 246 (31) 70 (50) <0.001
Referred from another facility, n (%) 641 (81) 132 (95) <0.001
Night time admission, n (%) 278 (38) 38(29) 0.06

Characteristics of patients admitted to the general medical ward and ICU were compared using t-tests for continuous variables

and Chi-squared tests for categorical variables. * Lowest SpO2, SBP, GCS, and platelets; highest creatinine and bilirubin values;

and clinical management up to the time of admission are presented
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Table 5. Association between patient characteristics at presentation and ICU admission

Number of Unadjusted P value Adjusted P value
Variable Patients with OR (95% CI) OR (95% CI) *

Observation N=314
Male sex 932 1.26 (0.87-1.81) 0.22 0.62 (0.35-1.12) 0.12
Age (yrs) 932 1.00 (1.00-1.01) 0.38 0.97 (0.96 — 0.99) 0.005
Presence of at least one co-morbidity 932 1.05 (0.73-1.51) 0.80 0.81 (0.42 - 1.56) 0.53
SpO, (%) ° 729 0.94 (0.92-0.96) <0.001 0.91 (0.87-0.95) | <0.001
SBP (mm Hg) ° 928 0.99 (0.99-1.00) 0.05 1.00 (0.99 - 1.02) 0.54
GCS® 629 0.90 (0.84-0.97) 0.006 0.98 (0.87 - 1.11) 0.77
Creatinine (mg/dL) ° 732 1.18 (1.08-1.30) <0.001 1.14 (0.99 - 1.32) 0.07
Bilirubin (mg/dL) ® 546 1.07 (1.02-1.13) 0.005 1.05 (0.98 — 1.13) 0.13
Platelets (cells/uL) ° 850 1.00 (1.00-1.00) 0.44 1.00 (1.00 — 1.00) 0.43
Respiratory failure 932 5.38 (3.45-8.38) <0.001 3.32(1.59-6.92) 0.001
Receiving adrenergic agent 932 2.26 (1.57-3.25) <0.001 2.72 (1.28 - 5.76) 0.009
Referred from another facility 930 4.41 (2.02-9.63) <0.001 0.56 (0.10-3.32) 0.53
Night time admission 872 0.68 (0.45-1.02) 0.06 1.12 (0.57 - 2.19) 0.75

# Using logistic regression, each variable controlled for all other variables
® Lowest Sp02, SBP, GCS, and platelets; highest creatinine and bilirubin values; and clinical management up to the time of

admission are presented
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Figure 1. Kaplan-Meier curve demonstrating 28-day survival of 932 Thai adults admitted with
community-acquired sepsis, by admitting location
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Supplemental Table 1. Modified Surviving Sepsis Campaign diagnostic criteria for sepsis.

Infection, documented or suspected, and some of the following:

General variables

Fever or hypothermia (body temperature >38.3°C or <36°C) *

Heart rate >90/min

Tachypnea (respiratory rate >20/min) °

Altered mental status (Glasgow Coma Scale <15) °

Significant edema or positive fluid balance (>20 mL/kg over 24 hr)

Hyperglycemia (plasma glucose >140 mg/dL) in the absence of diabetes

Inflammatory variables

Leukocytosis (WBC count >12,000 u/L), Leukopenia (WBC count <4,000 u/L), or immature forms >10% ¢

Plasma C-reactive protein >2 SD above the normal value

Plasma procalcitonin >2 SD above the normal value

Hemodynamic variables

Arterial hypotension (SBP <90 mmHg, MAP <70 mmHg or an SBP decrease >40 mmHg)

Organ dysfunction variables

Low oxygen saturation determined by pulse oximetry (SpO,<95%) °

Arterial hypoxemia (PaO,/FiO, <300)

Acute oliguria (urine output <0.5 mL/kg/hr for at least 2 hrs) ©

Creatinine increase >0.5 mg/dL

Coagulation abnormalities (INR >1.5 or aPTT >60 s)

Ileus (absent bowel sounds)

Thrombocytopenia (platelet count <100,000 u/L)

Hyperbilirubinemia (plasma total bilirubin >4 mg/dL)

Tissue perfusion variables

Hyperlactatemia (>1 mmol/L)

Decreased capillary refill or mottling

Adapted from Dellinger et al, Surviving Sepsis Campaign: International Guideline for Management of Severe Sepsis and Septic

Shock, 2012 [14]
* Fever and hypothermia were consolidated into a single variable.
® Respiratory rate >20/min was defined for the tachypnea variable.
°Glasgow Coma Scale <15 was defined for the altered mental status variable.
d Leukocytosis, Leukopenia, and immature forms >10% were consolidated into a single variable.
¢ Low oxygen saturation determined by pulse oximetry (SpO,<95%) was added.
f . R . . e . . .
The condition of ‘despite adequate fluid resuscitation’ for this criterion was omitted.

22



References

[1]

[2]

[5]

[6]

[7]

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016;315:801—
10. do0i:10.1001/jama.2016.0287.

Fleischmann C, Scherag A, Adhikari NKJ, Hartog CS, Tsaganos T, Schlattmann P, et al.
Assessment of Global Incidence and Mortality of Hospital-treated Sepsis — Current Estimates and
Limitations. Am J Respir Crit Care Med 2016;193:253-72. do0i:10.1164/rccm.201504-07810C.
Cheng AC, West TE, Limmathurotsakul D, Peacock SJ. Strategies to reduce mortality from
bacterial sepsis in adults in developing countries. PLoS Med 2008;5:1173-9.
doi:10.1371/journal.pmed.0050175.

Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Springer
Berlin Heidelberg; 2017. doi:10.1007/s00134-017-4683-6.

Gaieski DF, Edwards JM, Kallan MJ, Carr BG. Benchmarking the incidence and mortality of
severe sepsis in the United States. Crit Care Med 2013;41:1167-74.
doi:10.1097/CCM.0b013e31827c0918.

Kaukonen K-M, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality related to severe sepsis and
septic shock among critically ill patients in Australia and New Zealand, 2000-2012. JAMA
2014;311:1308-16. doi:10.1001/jama.2014.2637.

The ARISE Investigators and the ANZICS Clinical Trials Group. Goal-Directed Resuscitation for
Patients with Early Septic Shock. N Engl J Med 2014;371:1496-506.
doi:10.1056/NEJMoa1404380.

Mouncey PR, Osborn TM, Power GS, Harrison D a, Sadique MZ, Grieve RD, et al. Trial of early,
goal-directed resuscitation for septic shock. N Engl J] Med 2015;372:1301-11.
doi:10.1056/NEJMoal500896.

The ProCESS Investigators. A Randomized Trial of Protocol-Based Care for Early Septic Shock.
Process trial. N Engl J Med 2014;370:1-11. doi:10.1056/NEJMoa1401602.

World Health Organization. Global Health Expenditure Database 2017.
http://apps.who.int/nha/database (accessed February 8, 2017).

World Health Organization. Thailand: WHO Statistical Profile 2015.

Asia Pacific Observatory on Health Systems and Policies. The Kingdom of Thailand Health
System Review. Health Syst Transit 2015. doi:10.1007/s13398-014-0173-7.2.

Institute for Health Metrics and Evaluation (IHME). GBD Compare Data Visualization 2016.
https://vizhub.healthdata.org/gbd-compare/ (accessed August 10, 2017).

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving Sepsis
Campaign: International Guidelines for Management of Severe Sepsis and Septic Shock, 2012.
Intensive Care Med 2013;39:165-228. doi:10.1007/s00134-012-2769-8.

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001
SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med
2003;31:1250-6. doi:10.1097/01.CCM.0000050454.01978.3B.

Auma MA, Siedner MJ, Nyehangane D, Nalusaji A, Nakaye M, Mwanga-Amumpaire J, et al.
Malaria is an uncommon cause of adult sepsis in south-western Uganda. Malar J 2013;12:146.
doi:10.1186/1475-2875-12-146.

Conde KAP, Silva E, Silva CO, Ferreira E, Freitas FGR, Castro I, et al. Differences in Sepsis
Treatment and Outcomes between Public and Private Hospitals in Brazil: A Multicenter
Observational Study. PLoS One 2013;8. doi:10.1371/journal.pone.0064790.

Mouncey PR, Osborn TM, Power GS, Harrison D a, Sadique MZ, Grieve RD, et al. Trial of early,
goal-directed resuscitation for septic shock. N Engl J] Med 2015;372:1301-11.
doi:10.1056/NEJMoal500896.

23



Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, et al. Effect of an
Early Resuscitation Protocol on In-hospital Mortality Among Adults With Sepsis and
Hypotension: A Randomized Clinical Trial. JAMA 2017;Published.
doi:10.1001/jama.2017.10913.

Waitt PI, Mukaka M, Goodson P, SimuKonda FD, Waitt CJ, Feasey N, et al. Sepsis carries a high
mortality among hospitalised adults in Malawi in the eraofantiretroviral therapy scale-up:
Alongitudinal cohort study. J Infect 2015;70:11-9. doi:10.1016/j.jinf.2014.07.004.

Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, Iwashyna TJ, et al. Incidence and Trends
of Sepsis in US Hospitals Using Clinical vs Claims Data, 2009-2014. JAMA 2017.

Southeast Asia Infectious Disease Clinical Research Network. Causes and outcomes of sepsis in
southeast Asia: a multinational multicentre cross-sectional study. Lancet Glob Heal 2017;5:e157—
67. doi:10.1016/S2214-109X(17)30007-4.

24



