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Background: The ability to predict the prognosis of a disease and anticipate death is valuable for patients and families especially in
an acute care setting for chronically ill patient. Multiple scoring systems are used to measure disease progression and predict hospital
mortality in patients with life-threatening illnesses, taking into account acute conditions, catastrophic events, and slow decline.
Aim: Our primary aim is to assess palliative performance score (PPS), early warning score (EWS) and local rumah sakit Dr Hasan
Sadikin (RSHS) score to predict 14 days in-hospital mortality.

Methods: This was a single-center prospective cohort study from November 2022 to April 2023. Patients with World Health
Organization category of terminal illnesses were scored using PPS, EWS and RSHS score and were followed up for 14 days in
hospital. Multivariate analysis were conducted and The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines were used.

Results: A multivariable model was calculated using Cox regression. The final model results indicate that EWS (HR: 2.9, 95% CI:
1.1-7.7) and a decrease in consciousness (HR: 3.6, 95% CI: 1.2-10.22) were statistically significant in predicting mortality.
Discussions: Most patient in the cohort that died had cancer and were admitted in the previous 6 months. Relying solely on single
prediction may not provide enough accuracy, within a 14-day timeframe. Therefore, the results of multivariate analysis were not
statistically significant due to Several factors contribute to the complexity of this prediction challenge. As a multifaceted disease with
varying stages, treatments, and outcomes, cancer presents a diverse landscape of patient experiences.

Conclusion: EWS and decreased consciousness are significant predictors of in-hospital mortality. It is crucial in clinical setting to use
multiple indicators to predict death and improve patient care.
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Introduction
Monitoring in-hospital mortality is essential to ensuring quality care in healthcare and hospital settings. It is a crucial
indicator of the effectiveness of high-level processes in these settings. As such, keeping a close eye on in-hospital
mortality rates is essential to ensure patients receive the best care possible.' > Although many diseases can be prevented,
mortality and disability are often inevitable, especially as people age and face chronic illnesses defined by the World
Health Organization (WHO), such as cardiovascular, lung, and renal diseases, cancer, AIDS, and neurodegenerative
diseases like multiple sclerosis, Parkinson’s disease, stroke, epilepsy, and brain tumors. Therefore, palliative and end-of-
life care have become standard, monitored, and accredited in hospital care.> ¢

One of the main challenges in end-of-life care is identifying which patients are approaching the end of their lives.
Another challenge is predicting how long the patient will live in the hospital setting, whether days or weeks. The ability
to predict the prognosis of a disease and anticipate death is valuable for patients and families. It allows for a focus on
patient comfort and well-being and preparation for a peaceful death.*> Health professionals benefit from making
informed decisions and discussing treatment choices, including withholding combative treatment and care goals. There
is a discussion about the cost-efficiency impact of palliative and end-of-life services in healthcare, as these patients often

require more emergency services and advanced technologies, leading to social inequality.**
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In developing countries, especially Muslim countries, there is a complex relationship between death, family devotion,
and religious beliefs. Therefore, even in the face of incurable diseases, families still “wait for a miracle”, making
palliative and end-of-life care slow to develop in these regions.”” Providing an objective, data-driven predictor score,
and checklist can ease friction and rejection of terminal care. Earlier intervention can balance patient dignity and family
satisfaction with health resource limitations.*>

Multiple scoring systems are used to measure disease progression and predict hospital mortality in patients with life-
threatening illnesses, taking into account acute conditions, catastrophic events, and slow decline. In acute setting, in
hospital care in considered as prolong when the patient is admitted for 14 days as prolonged and may impact general
quality of care in the hospital.">® Our primary aim is to assess palliative performance score (PPS), early warning score
(EWS) and local rumah sakit Dr Hasan Sadikin (RSHS) score to predict 14 days in-hospital mortality.

Methods
Study Setting, Study Design, and Data Collection

This is a single-center prospective cohort study conducted at a government-owned tertiary referral and teaching hospital
in Indonesia with an average of 33,600 patients per year. The study obtained clearance from the Dr Hasan Sadikin
Hospital Ethical and Research Committee with the number LB.02.01/X.6.5/430/2022, after approval from the
Institutional Review Board. The process of informed consent involved a thorough explanation of the study’s objective,
risks, benefits, and alternatives, followed by the signature of either the patient or a family member. The study was
conducted from November 2022 to April 2023.

The study involved patients with terminal illnesses, according to WHO? such as cancer, stroke, chronic kidney disease, or
heart failure, who completed a screening form (SFigure 1) upon admission, according to the hospital’s palliative care screening
policy. Patients under 18 years old, unable to consent without a guardian present, and those who refused participation were
excluded. A loss of follow-up was defined as termination from the study during observation, transfer to another hospital, or the
subject leaving against medical advice. A minimum of 104 patients were included in the study, conducted from
November 2022 to April 2023. Data was collected via guided interviews using a case report form administered by trained
nurses. Information gathered included age, sex, occupation, region of residence, surgical/non-surgical case, care history, pain
therapy, primary caregiver, PPS score, modified early warning score (EWS), and Rumah Sakit Dr.Hasan Sadikin (RSHS)
palliative score. RSHS palliative score is a local score we have. Patients were followed for 14 days to determine outcome,
death, or survival. Data analysis was conducted using IBSS 21. The writing of this manuscript is as follows: The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.’

Results
The total number of participants in this study was 113 patients (Figure 1: Strobe Diagram), whereas previously 13
patients refused to participate in the research, and four were lost to follow-up due to the subject leaving against medical
advice.

Out of the 150 participants in the study, 50.4% were female, and 49.6% were male. Most (60.2%) were aged between
31 and 60, while 24.8% were over 60. About 37% of the participants were unemployed, and 43.4% had no income. Only
11.5% of the participants had undergone surgery, while 88.5% had not. Among the participants, 66.4% (75) were
diagnosed with cancer. Over two-thirds of participants (66.5%) had been hospitalized in the previous six months, and
27.4% had experienced loss of consciousness. Most participants (81.4%) went home alive, while 18.6% died (Table 1).

Data collected from Table 1 underwent statistical analysis to compare different groups based on their outcomes, ie,
whether they survived or died. Chi-square and Fisher’s exact tests were used for the study, which revealed significant
differences in mortality rates for individuals with cancer, a history of hospitalization within the past six months, and those
who experienced a decrease in consciousness during the 14-day observation period. Furthermore, the analysis of
predictive scores using Mann—Whitney concluded that there is a significant difference in PPS score, EWS score, and
RSHS palliative score between the survivor and non-survivor groups. It was also found that there is no significant
correlation between gender, age, occupation, income, and history of surgery concerning the outcomes.
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Figure | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Prognostic determinants of all three scores were identified using logistic regression to establish a cut-off (Figure 2).
According to statistical analysis, PPS has a higher AUC value of 0.901 than EWS and RSHS, which have AUC values of
0.772 and 0.761, respectively. All three scores show significant statistical significance with p < 0.0001. PPS is more
sensitive in predicting mortality (90.48%) than EWS and RSHS (61.9% and 76.19%, respectively). However, EWS is
more specific than PPS and RSHS Palliative Score (84.78% vs 75% vs 65%). The cut-off value for the PPS score is less
than or equal to 40 (OR: 16.06, 95% CI: 3.94-65.53), while for EWS, it is above 5 (OR: 5.176, 95% CI: 2.40-11.15), and
for RSHS Palliative Score it is greater than 8 (OR: 4.34; 95% CI: 1.71-11.09).

Cox regression was used (Table 2) to develop a multivariable model. According to the final model results, a decrease
in consciousness (HR: 3.6, 95% CI: 1.2-10.22) and EWS (HR: 2.9, 95% CI: 1.1-7.7) were found to be statistically

Table 1 Subject Demographic

Variables Total Alive Death p-value
(n=113, %) Group (n=92) Group (n=21)
Gender 0.844*
Male 56 (49.6) 46 10
Female 57(50.4) 46 I
Age (years) 0.618*
18-30 12 (10.6) 11 |
31-60 68 (60.2) 46 9
61->70 33 (24.8) 35 I
Occupation 0.104*
Private sector employee 13(11.5) 9 (69.2) 4(30.8)
Entrepreneur 28(24.8) 27(96.4) 1(3.6)
Laborer 7(6.2) 6(85.7) 1(14.3)
Others 23(20.4) 16(69.6) 7(30.4)
Unemployed 42(37.2) 34 (80%) 8(19)
(Continued)
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Table | (Continued).

Variables Total Alive Death p-value
(n=113, %) Group (n=92) Group (n=21)
Income 0.623*
No income 49(43.4) 39(79.6) 10(20.4)
< regional minimum wage 42(37.2) 33(78.6) 9(21.4)
At regional minimum wage 20(17.7) 18(90.0) 2(10.0)
Above regional minimum wage 2(1.8) 2(100.0) 0(0)
Case 0.283*
Surgical 13(11.5) 12(92.3) 1(7.7)
Non-Surgical 100(88.5) 80(80.0) 20(20.0)
Disease 0.010%*
Cancer 75(66.4) 56(74.7) 19(25.3)
Non-Cancer 38(33.6) 36(94.7) 2(5.3)
History of previous hospital admission (<6 months) 0.008*
Yes 74(65.5) 55(74.3) 19(25.7)
No 39(34.5) 37(94.6) 2(5.1)
Experienced a loss of consciousness 0.000*
Yes 31(27.4) 16(51.6) 15(48.4)
No 82(72.6) 76(92.7) 6(7.3)
PPS score 45(18-90) 60(18-90) 30(10-54) <0.001**
EWS 4(0-13) 2(0-9) 6(0-13) <0.001**
RSHS palliative score 9(2-80) 8(2-80) 10(6—-14) <0.001**

Notes: *Chi-square test or Fisher-exact test **range (median-range), Mann—-Whitney test.

significant in predicting mortality. The survival function of mean covariates (STable 1) revealed that 85.4% of patients
survived on day 14, 35.4% survived on day 26, and none of the patients with mean covariates survived on day 40. Upon
analyzing the EWS scores, the data exhibits a substantial disparity. Specifically, patients with a score in excess of 5
demonstrated a higher mortality rate on the first day and a more significant decrease on the tenth day compared to those
with a score of 5 or less. This finding highlights the criticality of monitoring patients with elevated EWS scores, as they
may be at increased risk of adverse outcomes (STable 2).

Discussion
This study is the first to use PPS and EWS in a developing country as a predictive tool for 14 days in-hospital mortality.
Additionally, we used our original palliative score, the RSHS palliative score, which was developed for screening
patients needing palliative care at our hospital. Due to advancements in patient care and accreditation requirements,
hospitals are now required to filter and provide services for end-of-life patients using different protocols and systems.''
!4 Predicting a patient’s medical condition and prognosis, especially the likelihood of their death, can be complex.
However, it is essential to ensure effective and efficient care.!>!” Objective scores, widely used in the clinical world, can
help reduce miscommunication between healthcare providers, patients, and families. In addition, they can help bridge
interdisciplinary differences in therapy courses, thereby ensuring that patients receive the best possible care.'” '’
During our observation period, it was observed that there was a significant difference between the survivor and non-
survivor groups for the presence of cancer and prior admissions to the emergency room in the previous six months. Of
the 21 patients who died during the observation period, 19 were cancer patients admitted before (p-value: 0.01 and 0.08).
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Figure 2 Comparison of survival prediction using logistic regression of Palliative Performance Scale (PPS), Early Warning Score (EWS), and Rumah Sakit Dr.Hasan Sadikin
(RSHS) Palliative Score. Legend: AUC: area under curve; Cl: confidence interval.

This year, cancer caused almost 10 million deaths globally, accounting for nearly one-sixth of all deaths, similar to WHO
findings."® Since deaths from cancer are now more common than those from cardiovascular disease, mortality from
cancer will become the leading cause of death.’>*' Our research has found a significant correlation between cancer
diagnosis and the initial admission diagnosis in survivors and non-survivors, which may serve as a useful tool for
predicting end-of-life scenarios. It’s important to note that relying solely on these factors may not provide enough
accuracy, especially when forecasting mortality within a 14-day timeframe. Therefore, the results of multivariate analysis
were not statistically significant (Table 2). Several factors contribute to the complexity of this prediction challenge. As
a multifaceted disease with varying stages, treatments, and outcomes, cancer presents a diverse landscape of patient
experiences. Moreover, while reflecting a patient’s initial condition, the admission diagnosis may not capture subsequent
developments or complications that can impact the prognosis. Furthermore, predicting imminent death within a 14-day
window is highly intricate and influenced by many variables, including comorbidities, treatment responses, and

individual patient traj ectories. *>-19-21

Table 2 A Multivariate Model of Mortality Predictors

Variable HR (95% CI) p-value*
Last Model
EWS score (>5) 2,9 (1,1-7,7) 0.031
Cancer 7,78 (0,9-62,4) 0.053
History of admission < 6 months 6,6 (0,8-52,9) 0.075
Decrease of consciousness 3,6 (1,2-10,2) 0.017

Note: *A multivariate model was developed using Cox regression.
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Our study discovered that the cut-off values were a PPS score below 40 and an EWS score of 5. This study found that
the local score used to screen patients who required support from the palliative care team resulted in a score of 8, which
was linked with a higher risk of in-hospital death. Interestingly, the previous score used to predict death was 7; hence,
this finding may change how we interpret this score when analyzing past data.

Another study has shown that the PPS score significantly predicts mortality (p < 0.001). However, our study differs in
terms of the observation period, which was 14 days, compared to the six months in the previous studies where findings
indicate that if the PPS scores are below 20, the mortality rates are 96%.>* Another study found that patients with cancer
and non-cancer illnesses died within 14 days (days 2—13), but the proportion was lower, and most patients died after 30
days of care.”® PPS might be relevant in predicting survival in terminally ill patients with cancer, although the time to
death could be studied further.>*2” Hence, we conclude that the severity of admission, as measured by the EWS, is more
relevant to predicting short-term death since it reflects the acute state of the patient’s current condition regardless of its
chronic illness state.

It is crucial to note that relying solely on PPS to predict 14-day mortality has a low specificity rate of only 75%. This
means there is a higher likelihood of obtaining “false positive” results. In clinical practice, it is essential to recognize that
over-reliance on PPS may cause unnecessary anxiety and distress for distraught patients and their families.”” it may lead
to underutilizing inappropriate medical treatments.

EWS for inpatient risk stratification has been identified to predict death in patients with and without infection and is
currently the standard model in many accreditation systems for risk stratification programs.> ®® Our research has shown
that a score of 5 or higher is linked with death (p = 0.031) and a decrease in consciousness (p = 0.017). This decrease in
consciousness is a component of EWS and is a strong indicator. These findings are consistent with previous studies,
which have identified a slightly higher score of >7 points as the cut-off point. At this score, the 24-hour mortality rate
increased from 1.8% for a NEWS score of >3 to 7.8% for a NEWS score of >7.% This result is likely due to the
availability and promptness of intervention for higher EWS, which requires further study to assess our center’s
effectiveness in managing increasing EWS scores since many studies reported that many aspects of the EWS such as
decrease of consciousness, blood pressure and saturation can be managed quickly to improve outcome.* '

Our study has an important point to consider for general applicability, specifically regarding the 14-day-study period.
It is comparatively shorter than other studies, which may not accurately reflect the required mortality rates in different
perspectives, such as 30-day or in-hospital mortality. However, our analysis (STable 1 and STable 2) indicates that

patients with analyzed covariates may not survive beyond day 40 after their first admission.

End-of-life care, a profoundly sensitive and complex aspect of healthcare, varies significantly across different
countries, each guided by its unique set of cultural, ethical, and legal frameworks. In the UK, the Gold Standards
Framework provides comprehensive guidance to support the delivery of high-quality end-of-life care. This framework
emphasizes personalized care plans, clear communication, and coordinated support across different healthcare settings
using different scores and predictive tools.'>*?

In contrast, the United States approaches end-of-life care with a focus on advanced directives, patient autonomy, and
various assessment frameworks. The use of the Palliative Performance Scale (PPS) forms are pivotal in assessing patient needs
and documenting care preferences. This emphasis on living wills and healthcare proxies allows individuals to make decisions
about their care in advance, reflecting the value placed on individual rights and autonomy in American society.'®*!

Our study stands out as it promotes the adoption of an early warning score (EWS) as the initial tool for assessing the
risk of end-of-life. Although other standards have been discussed, they are not commonly used in our center. On the other
hand, EWS is already widely recognized and utilized by hospital staff according to Indonesian and International
accreditation standards. Our study, therefore, builds upon the existing practices within our hospital and represents
a natural progression towards them.

Our study exhibits several limitations that warrant careful consideration. Firstly, we acknowledge the absence of our
assessment of the direct impact of the intervention on patient outcomes, which represents a notable gap in our research. It
is crucial to recognize that interventions, particularly in healthcare settings, have the potential to influence patient
outcomes significantly. The absence of this measurement might introduce an element of uncertainty in interpreting our
study’s results. Moreover, the inherent variability in the quality of care across different healthcare centers is a prominent
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limitation. The diverse standards of care, expertise, and resources available at each center can introduce variability in
patient experiences and outcomes. This heterogeneity must be taken into account when interpreting our findings. While
our study provides valuable insights into the general trends and associations, it is essential to exercise caution when
generalizing the results to diverse healthcare settings. When making decisions about end-of-life care, it’s important to
consider more than just cost efficiency or length of hospital stay. It’s crucial to have structured and objective discussions
about end-of-life care while always prioritizing the mental health and needs of both the patient and their
family.'>!7-'8213% Therefore, relying solely on a single predictor score is not ethical or suitable if not applied with
compassion and empathy.

Conclusion

Decreased consciousness and Early Warning Score are statistically significant predictors of in-hospital mortality. We
stress the importance of using a combination of predictors instead of relying on a single indicator to predict death and
improve patient care.
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