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Abstract

Introduction

Sepsis is a preventable cause of mortality and presents challenges in triage and management. The Surviving
Sepsis Campaign care bundles improve patient outcomes; however, non-compliance with guidelines,
understaffing, and scarcity of training opportunities undermine care quality in resource-limited countries.
We aimed to implement the sepsis hour-1 care bundle in the emergency department of a tertiary-care
hospital in Pakistan and develop hospital antimicrobial guidelines.

Methods

The baseline assessment included a survey of knowledge and confidence in sepsis management and a
retrospective audit of inpatient medical records. The inclusion criteria were age > 18 years with a systemic
inflammatory response score > 2 or a National Early Warning Score > 3. Improvement strategies included (a)
educational intervention, (b) adult sepsis screening tool and sepsis 1-hour bundle checklist, and (c)
recommendations for empirical antibiotics. These were implemented and assessed via Plan-Do-Study-Act
(PDSA) cycles: (a) multi-tiered educational campaigns, (b) implementation of hospital protocols/guidelines,
and (c) antimicrobial policy and sustainability. The process measures were hour-1 bundle components and
the outcome measures were in-hospital mortality, ICU admission, length of hospital stay, and ICU stay.

Results

The baseline survey revealed that the majority of participants had formal training and felt confident in
managing septic patients but none of the respondents had used a sepsis scoring system, and only 29.4% had
used an hour-1 bundle previously. There was a sustained improvement in bundle compliance from 0% at
baseline to 57.7% at PDSA-3. Inappreciable variation (p > 0.05) was reflected in the length of hospital and
ICU stay and in-hospital mortality, whereas ICU admission decreased insignificantly (p > 0.05). The
antimicrobial therapy practice, as per the guidelines, increased remarkably (p < 0.05).

Conclusion

Regular training and feedback are pivotal for practice change, yet integrating structured screening tools and
bundled checklists into current workflows can significantly improve compliance.

Categories: Emergency Medicine, Infectious Disease, Quality Improvement
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Introduction

Sepsis is a life-threatening organ dysfunction due to a dysregulated body response to infection, whereby
organ dysfunction is identified as an acute change in the Sequential Organ Failure Assessment (SOFA) score
[1]. The mortality exceeds 40% if a patient develops septic shock defined by the presence of circulatory and
metabolic/cellular abnormalities and is characterized by persistent hypotension requiring vasopressors to
maintain a mean arterial pressure (MAP) of 65 mmHg and a serum lactate level of >2 mmol/L despite
adequate volume resuscitation [1]. The WHO Global Report on Disease Burden and Mortality in the year
2017 revealed worldwide 48.9 million cases of sepsis and 11 million sepsis-related deaths, with the majority
attributed to diarrhea, followed by lower respiratory infections [2]. It is an integral component of Sustainable
Development Goals as a cause of preventable mortality, with significantly higher (approximately 85%)
incidence and mortality in newborns, pregnant women, and people from lower-middle-income countries [2].
Preventive measures include universal health coverage, reduction of antimicrobial resistance, improving
sanitation, hand hygiene standards, water quality, and other infection prevention control measures [2].
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The Surviving Sepsis Campaign (SSC) has consistently provided evidence-based guidelines for the
management of sepsis and septic shock as medical emergencies. The 2018 "hour-1" care bundle was
developed with the intent of immediate resuscitation and management [3]. A care bundle offers a structured
way to exercise evidence-based practice and has been proven to improve patient outcomes [4]. Successful
completion of this bundle is associated with reduced mortality [5], whereas each hour of delay in
antimicrobial administration for patients with septic shock is associated with a decrease in survival by 7.6%
[6]. The bundle elements [3] include blood lactate level, repeating it if initial value > 2 mmol/L, blood
cultures before administration of antibiotics, administration of broad-spectrum antibiotics, initiation of
rapid administration of 30 ml/kg crystalloid if the patient is hypotensive or lactate > 4 mmol/L, and
application of vasopressors if hypotension persists during or after fluid resuscitation to maintain a MAP of
>65 mmHg.

In Pakistan, a study revealed that 42% of mortality in a tertiary-care hospital is attributed to sepsis [7], while
the most common cause was respiratory infections, followed by urinary tract infections [7-9]. Another study
in the year 2017 delineated sepsis incidence of 40.9%, and septic complications were found to be the most
common cause of death, i.e., 36.19% [9]. A study suggested self-reported compliance of 60% to hour-1
bundle components, and 54% of respondents indicated a lack of evidence-based protocol for antimicrobial
therapy [10]. The perceived barriers to compliance in emergency settings are short staffing, delayed hospital
presentation, and overcrowding [11]. A study revealed that methicillin-sensitive Staphylococcus aureus was
the most common pathogen; however, the sensitivity pattern highlighted that the majority of the bacteria
were resistant to common antibiotics, and no single antibiotic had >70% susceptibility [12]. The

project aimed at early recognition of sepsis and improving compliance with the sepsis hour-1 care bundle for
resuscitation and management in the emergency department (ED) of a tertiary-care hospital in Pakistan
while developing hospital antimicrobial guidelines.

This article was accepted for poster presentation at Infection Prevention Conference 2023 in Liverpool on
19th October 2023.

Materials And Methods

This service improvement study was conducted at the ED of a 354-bed tertiary-care hospital in Lahore,
Pakistan, from June 2022 to February 2023. A multidisciplinary team was developed, and the standard of
care for patients with sepsis and septic shock was defined as the Surviving Sepsis Campaign hour-1 care
bundle. Ethical approval was obtained from the Institutional Review Board of the hospital (approval number:
HLH/ADM/IRB/2022-012). To evaluate the effectiveness of the interventions, the process measures were
defined as hour-1 bundle components, and the outcome measures were in-hospital mortality, ICU
admission, length of hospital stay, and ICU stay. Recommendations by the Medical Microbiology &
Infectious Diseases Society of Pakistan [13] were used as a standard to assess the appropriateness of
antimicrobial prescriptions. The baseline assessment involved a survey completed by junior doctors in the
ED to gauge their knowledge of and confidence in managing sepsis. Concurrently, a retrospective audit
(April to March 2022) of the medical records of patients admitted to the medical inpatient ward (60 beds)
meeting the inclusion criteria was conducted. The inclusion criteria were age > 18 years, presenting to the ED
with a systemic inflammatory response syndrome (SIRS) score > 2 or a National Early Warning Score (NEWS)
> 3. The exclusion criteria were age < 18 years and direct admission to the ward/ICU bypassing the ED.
Following baseline data collection and analysis, the findings were presented to the ward manager and
medical and nursing staff. This was followed by discussion sessions among team members, the ward
manager, and the head nurse to identify and devise improvement strategies after feasibility analysis.
Improvement strategies included (i) educational intervention, (ii) an adult sepsis screening tool and sepsis
1-hour bundle checklist as a standard operating procedure, and (iii) recommendations for empirical
antibiotics to guide appropriate therapy. Data were entered into the Statistical Package for Social Sciences
(SPSS Statistics for Windows version 26, IBM Corp., Armonk, NY) for analysis. Descriptive statistics are
frequency, percentage, and median with interquartile range (IQR). For normality, the Kolmogorov-Smirnov
test identified a non-uniform distribution of quantitative data (p < 0.05); hence, non-parametric analysis
was used. To analyze improvement in practice, the outcome measures were compared with the baseline, ICU,
and hospital stay, using the Kruskal-Wallis test. ICU admission and in-hospital mortality were compared
using Pearson’s chi-squared test. Statistical significance was set at p < 0.05.

The interventions were implemented and assessed via three sequential Plan-Do-Study-Act (PDSA) cycles.

PDSA cycle 1 (June to July 2022): multi-tiered educational campaign

It involved biweekly focused educational sessions targeting assessment and recognition scoring systems
(SIRS and NEWS), sepsis hour-1 care bundle components, and guidelines for appropriate empirical antibiotic
therapy for suspected sites and sources of infection. In addition, comprehensive case-based discussions and
feedback were initiated to identify obstacles to compliance and difficulties junior doctors face while
managing septic patients. A senior review of all patients with severe sepsis and a critical care review of all
patients with septic shock are recommended.

PDSA cycle 2 (August to October 2022): development and
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implementation of hospital protocols and guidelines

The lack of a structured framework and envisaging care bundles during busy ED shifts has been identified as
an impediment to process improvements. However, doctors rarely missed identifying patients with sepsis,
regardless of whether compliance was suboptimal. Given that, a sepsis screening tool/clinical pathway and
hour-1 care bundle for ED were developed as a goal of care, fostering a robust triage and management
system. The care pathway was adapted from the Oxford Academic Health Safety Network [14] and was
endorsed and reviewed by team members.

PDSA cycle 3 (November 2022 to January 2023): antimicrobial policy
and sustainability

While regular feedback and reminders continued to improve the standards of sepsis care, education related
to the pathway was incorporated into orientation sessions for junior doctors. To optimize antimicrobial
prescription practices, hospital guidelines were developed as "Recommendations for Empirical Antibiotics."

Results

A total of 176 patients were reviewed during the study, and there were no conflicts between data
collaborators assessing the patients’ eligibility.

Baseline assessment

The survey form was distributed to 27 junior doctors and was filled by 17 (response rate = 62.96%). Among
the respondents, 10 (58.82%) were medical officers and seven (41.18%) were internal medicine residents.
While the majority had attended a formal teaching/training (82%) and were confident in managing septic
patients (64.71%), none of them used any scoring system for recognition of septic patients, and only 24.91%
had used sepsis hour-1 care bundle previously (Figure 7). Regarding knowledge of the sepsis hour-1 bundle
(Figure I), only 22% identified the number of elements, and the majority (43%) enlisted only two
interventions. Furthermore, an audit of medical records suggested compliance of 0% with the hour-1 bundle
and 26.70% of antimicrobial prescriptions as per recommended guidelines.

number of bundle care
100%
elements
90% M
80% 35.29% T 4 33%
70% wd
e 70.59% ;
0 5
50% i
40% 82%
0 -64.7‘1%
Bl able to enlist bundle care
20% elements
29.41%
10% PR
0% g 2% 28%
formal use sepsis confidence o
teaching/ hour-1 care in managing [ | | |
n2 | ]
training bundle septic - ]
patients §
EYes mNo

FIGURE 1: Junior doctors’ survey of knowledge of sepsis and
confidence in management

Process measures

There was a sustained improvement in the compliance of the hour-1 bundle across all cycles in the post-
intervention phase (Figure 2). Notably, an increase in compliance was observed after the introduction of the
sepsis care pathway, from 18.4% to 51.2%. Among the components, a remarkable increase in compliance was
observed for initial lactate (3.3% to 75%), repeat lactate if required (0% to 66.67%), blood cultures before
antibiotics (3.3% to 76.9%), and intravenous fluid bolus (20% to 65.40%). Interestingly, while 50% of cases
received antibiotics administered on time at baseline, there was a sharp decrease from cycle 2 to cycle 3
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(from 86% to 78.80%).
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FIGURE 2: Compliance of sepsis care bundle
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The patients with "severe sepsis” being reviewed by a senior doctor increased from 46.7% at baseline to
53.1% at cycle 1, 79.1% at cycle 2, and 92.3% at cycle 3. The review of "septic shock" patients by the critical
care team also increased from 23.3% at baseline to 20.4% at cycle 1, 39.5% at cycle 2, and 65.4% at cycle 3.

Outcome measures

From the baseline assessment to cycle 3 (Figure 3), an insignificant decrease (p = 0.101) in the duration of
hospital stay from a median value of 3 (IQR = 2-7) to 2 (IQR = 1-3.75) can be appreciated. With regards to the
length of ICU stay (Figure 5), there was an insignificant increase (p = 0.317) from 1 (IQR = 1-2) at baseline to

1.5 (IQR = 1-2.25) at cycle 3.
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FIGURE 3: Impact of intervention on the length of hospital and ICU stay

There was a continuing decrease in ICU admission (Figure 4) from 26.7% to 11.5% at baseline and cycle 3,
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respectively; however, the variation was reported as insignificant (p = 0.257). For in-hospital mortality
(Figure 4), a minor increasing trend was observed from 10% (baseline) to 11.5% (cycle 3), which was
statistically insignificant (p = 0.051).

30.00%
26.70%
g 200016 22.40%
E 20.00%
- 16.30%
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& 11.50%11.50%
;2‘ i 10.00% 10.20% 9.30%
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0.00%
Baseline cycle 1 cycle 2 cycle 3

ICU admission  mIn-hospital mortality

FIGURE 4: Impact of intervention on ICU admission and in-hospital
mortality

Regarding antimicrobial therapy compliance with the recommended guidelines (Figure 5), a significant
improvement (p = 0.013) was identified, from 26.70% at baseline to 48.10% at cycle 3.

== Antibiotic prescription per recommendations
60.00%

50.00%

40.00% 48.10%

30.00% 37.20%

32.70%

COMPLIANCE (%)

20.00% 26.70%
10.00%

0.00%
Baseline cycle 1 cycle 2 cycle 3

FIGURE 5: Impact of intervention on antimicrobial therapy

Discussion

Sepsis is frequently misdiagnosed in the ED, underscoring the urgent need for early detection. Our

study focused on the timely identification of sepsis using the "Adult Sepsis Screening Tool" and
implementation of the sepsis hour-1 care bundle, complemented by the development of hospital
antimicrobial guidelines. Initially, the healthcare workers reported having formal training (82%) and
confidence in managing septic patients (64.71%); however, they exhibited sub-optimal knowledge of sepsis
scoring systems and hour-1 bundles (Figure /), which was reflected by hour-1 care bundle compliance of 0%.
The finding is similar to another study that revealed that the knowledge of 85% of the participants regarding
SSC guidelines was “very familiar” or “somewhat familiar,” and 84% of the participants reported their
training in the diagnosis and management of sepsis as “excellent” or “good"; however, only <20% of the
study population correctly identified sepsis diagnostic criteria [15]. Through a comprehensive approach
involving educational interventions, and the introduction of screening tools and checklists, substantial
enhancements in bundle compliance were achieved, increasing from an initial 0% to a commendable 57.7%
at the end of cycle 3 (Figure 2). While there were minor fluctuations in certain outcome measures (Figures 3,
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4), such as length of hospital and ICU stay, ICU admission, and in-hospital mortality, these changes were
statistically insignificant. The successful implementation of these pathways benefits healthcare systems in
terms of cost-effectiveness and resource optimization by reducing unnecessary testing, lowering admission
rates, and shortening hospital stays through standardized care [16].

The implications of the findings of this study are substantial. They suggested that healthcare institutions
should prioritize ongoing education for physicians to enhance sepsis recognition and management skills.
The study showed that care bundle compliance led to an insignificant increase in in-hospital mortality (from
10% to 11.5%). This finding is similar to another study that delineated a 7% decrease in mortality following
bundle adherence among ICU patients while no significant improvement was signified in the ward and ED
[17]. Similarly, a multi-center study in Brazil found that the time to sepsis diagnosis was independently
associated with a reduction in mortality risk, whereas six-hour bundle compliance was not associated [18]. It
is noteworthy that similar studies with comparable patient characteristics at baseline and post-intervention
showed significant improvements in process measures, including adherence to all elements of the three-
hour sepsis bundle, timely antibiotic administration in the one-hour septic shock bundle, and a substantial
decrease in ICU admission [19].

The study has some limitations. The study was conducted in a single setting, which may limit the
generalizability of the findings. Our study did not address certain confounding factors, such as
demographics, co-morbidities sepsis severity, and organ dysfunction, which could have affected the
outcomes. Finally, the lack of follow-up post-discharge limits the assessment of long-term effects.

It is important to note that the extensive use of antibiotics coupled with elevated resistance rates
necessitates the development of a policy to encourage prudent usage. To enhance the appropriateness of
empirical antibiotic therapy for sepsis patients, it is valuable to consider local infection site patterns and the
results of antibiotic sensitivity tests as supporting data [20]. A study implementing a three-tier approach
comprising a nurse-driven screening tool, a computer-assisted screening algorithm that generated a sepsis
alert in the electronic medical records, and automated sepsis-specific order sets for initial workup,
resuscitation, antibiotic selection, and goal-directed therapy has shown promising results in expediting care
delivery to sepsis patients in the ED [21]. Furthermore, early recognition of sepsis using electronic health
records improved compliance with sepsis bundles [22].

Conclusions

To promote patient safety and care process, the comprehensive initiative focused on compliance with the
sepsis hour-1 care bundle in ED settings. The collective implementation of these interventions has the
potential to improve patient outcomes and reduce unnecessary utilization of hospital resources during
prolonged hospital stays. Moreover, conducting long-term follow-up studies is crucial to assess the
sustained impact of these interventions. This would not only enhance the quality of healthcare services but
also alleviate the physician burden.

Appendices
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SEPSIS SIX PATHWAY

For non-pregnant adults over 16 years with symptoms of infection, or are clearly unwell with any abnormal observations

[ [ Tick | Timezero | Initials
[ Inform SR/ Consultant | [ [
ACTION PLAN (complete ALL within 1 hour) Time Initials Reason not done/
complete variance
1. Oxygen
Aim to keep saturation 94-98%

(88-92% if at risk of COz retention e.g. COPD
2. Blood (+ (other) cultures
At least 1 peripheral blood line + cultures

CXR & urinalysis (= CSF, urine culture etc)+
3. IV antibiotics
According to hospital protocol
Consider allergies prior to administration.
4. IV fluids
Consider 500ml stat if low BP or lactate =2 mmol/L.
Repeat if clinically indicated-max 30ml/kg

5. Check serial lactates
If lactate > 4 mmpl/L consider referral to critical
care and recheck after each 10ml/kg fluid
challenge

6. Monitor urine output
Consider if urinary catheter required
Commence hourly fluid balance chart

If after delivering Sepsis Six bundle, there is: Review/ Assessment by ED consultant/ SR
+ Further clinical deterioration (at the end of delivery of Sepsis Six bundle):
+ Persistent systolic BP < 90 mmHg
* Lactate not reducing

Consider/ Discuss with critical care team

Review/ Discussion with critical care team:

FIGURE 6: Sepsis hour-1 care bundle
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ADULT SEPSIS SCREENING TOOL

For non-pregnant adults over 16 years with of infection, or are y any
Patient Details: Doctor completing
Hospital number: Date:
Full Name: Name:
Age: PMC number:
Gender: Designation:

Ti
1 (a) Does patient look sick? . ﬂ

Sp0; Scale 2*

2 Could this be due 1o infection?  Tick

Air or Oxygen?
Systolic Blood Pressure
(mmHa)

Pulse (/min)

Yes, but source s unclear
Pneumonia
Urinary tract infection

Conscoiusness
Temperature ("C)

Abdominal pain or distension
Cellulitisfinfected wound
Device related infection

of qualified clinician.
Septic arthritis S :

Meningitis TOTAL SCORE -

Other (specify:

1 (b) Calculate NEWS score: (Encircle for each category, and then calculate.

2 1 1
9-11
94-95
86-87

101-
110
41-50 91-110
130
Aart
36.1-38.0

£35.0 351-

36.0

38.1-
39.0

2391

*Use Scale 2 if target range is 88-92% e.g. in hypercapnic respiratory failure; ONLY use under direction

**Confusion, Voice, Pain, Unresponsive

If NEWS 2 3 OR single parameter z 3

Low risk of sepsis if normal
behavior and no high or

Obje snce of new altered mentz
Heart Rate >130 per minute
c B.P s 90 mmHg (or drop >40 from normal)
per minute
Non-blan:

ottled / ashen / cyanolic

Not passed urine in last ~18 hours (or U.O < 0.5 mUkg/our)

A (if availabl

EEgRERERE:

mmunosuppression ( specied neutropenia)

TREAT URGENTLY FOR SEPSIS (SEPSIS 6 CARE
BUNDLE)

Time
completed

Initials

moderale risk criteria present.
Use standard protocols,
consider discharge (approved
by senior decision maker).

Any amber flag sign (other sepsis concem)?
Other risk factors(s) for severe infection

Acute deterloration in functional / mental status
Systolic BP 91-100 mmHg or new arrthythmia
Hypothermia

Patient, relative or health

L]

woried [

Tick.
Send bloods (blood cultures, FBC, U&E, CRP, LFT, clotting,
VBG) - review results within 1 hour

Time Clinician attended

Clinician to make antimicrobial prescribing
decision within 3 hours.
(Treat all bacterial infections promptly)

If senior clinician satisfied, may discuss and
consider discharge

FIGURE 7: Adult sepsis screening tool

Organize early clinical assessment by ED consultant/ SR

O

Acute Kidney Injury or lactate 2 2 (and infection concem persist)
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Dear Colleague,

The study aims to improve sepsis awareness and care management. Please complete
the survey assessing junior doctor's knowledge of sepsis and confidence in
management. The survey may take 10— 15 minutes of your time. The results of the
survey may help us guide future intervention, to improve sepsis management.

Thank you for your time and participation in this study.

Consent Statement:

I, without any coercion or force, freely and voluntarily consent to participate and to
respond to the questions provided therein. | understand that my participation in this
project is voluntary and all of the responses that | gave will remain confidential. No
personal information of the respondents will be revealed. My name will not appear on
any of the results. Only group findings will be reported. Information obtained during the
study will remain confidential, to the extent allowed by law. There are no penalties for
not participating and you may withdraw from the study at any point by contacting the
principal investigator, the contact information is provided at the end of the form.

Name: Grade|

1. Have you received formal training or attended a teaching session on sepsis hour-
1 care bundle previously?
a. Yes
b. No

2. How many elements are included in sepsis hour-1 care bundle?

3. Enlist the elements of sepsis hour-1 care bundle

4. Do you routinely use sepsis hour-1 care bundle while managing septic patients?
a. Yes
b. No

5. Do you routinely use any scoring systemv criterion to identify sepsis and it
severity?
a. Yes
If yes, please specify
b. No

6. Do you feel confident in management of septic patient?
a. Yes
b. No

FIGURE 8: Junior doctor's survey of knowledge of sepsis and
confidence in management
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