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Abstract. Clinical pathways (CP) regarding stroke is a medical service standard
necessitated ensuring quality health services at rational costs. The previous study
showed that the effect of CP implication on hospitalization length has not shown
conclusive results in one hospital nor considered the CP format used. Therefore,
this study aims to measure the implication of ischemic stroke CP on hospitaliza-
tion length. This study was conducted in public and private hospitals, type A and
B, which run a stroke registry with uniformity in stroke care and CP format. A
retrospective cohort design was used to measure the effectiveness of the ischemic
stroke clinical pathway on the outcome of hospitalization length by controlling
for confounding variables, including demographic factors, comorbidities, clinical,
service procedure, and management support. The data source for the Ischemic
Stroke CP group was obtained from the document in the hospital. The data of
the without CP group was obtained from the Stroke Registry of the Research and
Development Agency, and the medical record was traced to obtain the required
variables. The population is ischemic stroke patients treated from January 2012-
December 2015. The sample was selected purposively, meeting the inclusion and
exclusion criteria, and the ischemic stroke diagnosis is based on medical records
with ICD-X 163.9. The cut-off point for the length of hospitalization was deter-
mined by Receiver Operating Characteristic analysis, divided into 2 categories,
long (>8 days) and short (≤8 days). Univariate, bivariate, stratification and multi-
variate analysis were performed using the Cox regression test. The results showed
that 71% of the subjects were treated without CP, 65% had a short hospitalization
length (<8 days), 39% were aged 18–55, and 57% were male. In men, 88% had
dyslipidemia, 77% were admitted with mild severity as measured by the Glas-
gow Coma Scale (GCS = 15), and 35% had attack onset of admissions >24 h.
The stratification test showed no interaction between the independent (CP) and
the covariate variable on hospitalization length. Multivariate analysis found that
CP significantly reduced the risk of hospitalization length (>8 days) by 53%,
compared to patients treated without CP, after controlling for disease severity,
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management support, and service processes (RR: 0.47; 95%CI: 0.24–0.93; p:
0.020). The ischemic stroke CP implementation significantly reduces the risk of
long hospitalization days. Implementation, monitoring, and CP evaluation should
improve patient clinical outcomes. These efforts are needed to produce quality
services that are part of the National Health Insurance policy objectives.
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1 Introduction

Approximately 70% of strokes and 87% of deaths and disabilities occur in low- and
middle-income countries [1]. Basic Health Research (Riskesdas) reports an increase in
stroke from 7% in 2013 to 10.9% in 2018 [2, 3]. In 2012, there were 5,411 registered
strokes in 19 hospitals in Indonesia, and it was reported that 68% were ischemic and
hemorrhagic cases [4]. Stroke causes enormous clinical and financial consequences,
which need to be addressed.

Quality health services at rational costs are a demand, especially in the era ofNational
Health Insurance.More organized stroke care is needed to produce a better quality of life,
and a common strategy is implementing a clinical pathway [5].A clinical pathway (CP) is
a timetable that contains an integrated service plan based on themedical services standard
provided to patients from admission to hospital discharge [6]. The CP implementation
based on evidence-based medicine is designed to standardize the service process; hence
it can reduce service variations and improve clinical outcomes.

Furthermore, hospitalization length is one of the clinical outcome indicators used in
the CP evaluation [7]. Clinical pathways can reduce the average hospitalization length,
reduce expenses, increase patient satisfaction and improve the care quality in stroke
management [8]. Systematic reviews that measure the CP implementation to shorten the
hospitalization length have not shown conclusive results [9]. Studies of implementing
CP to hospitalization length should consider demographic and clinical confounders [10].

Hospitalization length is influenced by several conditions, including age, gender,
comorbidities, clinical conditions at the admission time, and the services provided. Pre-
vious studies that measured the CP effectiveness were conducted in one hospital and
had not considered confounding factors and the CP format. Therefore, this study aims
to measure the use of ischemic stroke CP effect on the hospitalization length in sev-
eral hospitals with a stroke registry by considering confounding factors, stroke services
uniformity, and CP format.

2 Materials and Methods

A retrospective cohort design was used to compare hospitalization length in groups of
ischemic stroke patients managed using clinical pathways. The independent variable
is the ischemic stroke clinical pathway, while the dependent is hospitalization length,
and the measured covariates include demographic factors (age, gender), comorbidities
(hypertension, diabetes mellitus, dyslipidemia), clinical (disease severity, onset attack),
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process services, and management support. Furthermore, the population was ischemic
stroke patients admitted to the study hospital from January 2012 to December 2015.
The sample selection was purposively limited by the inclusion criteria, as follows: 1).
Ischemic stroke patients aged 18 years, 2). First attack affecting ischemic stroke patients
(no history of stroke), 3). The patient’s status is registered as new at the study hospital,
4). The patient leaves the hospital as permitted by the doctor in charge. Exclusion criteria
were incomplete medical records and incomplete clinical pathway sheets, particularly
for the 48 h of treatment.

Ischemic stroke cases managed using CP were obtained from the Medical Services
Section or the home Neurology Department, while those managed without CP were
obtained from the Stroke Disease Registry data collected at the Research and Develop-
ment Agency. The medical records were traced from these two sources to obtain data
on study variables. The diagnosis was determined based on the head CT Scan with the
ICD-X code 163.9 in the medical record.

Meanwhile, hospitalization length is the number of days spent during treatment,
calculated from the patients from admission to hospital discharge. Receiver Operating
Characteristic (ROC) analysis was performed to get cut-off for the hospitalization length
[11]. The Hospitalization length is categorized as long if > cut-off value and short if ≤
cut-off value. Furthermore, covariate data on demographic factors of age and sex were
obtained from medical records.

Hypertension, diabetes mellitus, and dyslipidemia data were collected from the
patient’s medical records. Clinical factors of disease severity were measured using a
proxy level of consciousness based on the Glasgow Coma Scale (GCS) recorded in the
medical record. Disease severity was grouped into 3 categories: mild severity when the
patient was admitted to the hospital in a state of compos mentis consciousness (GCS 15),
moderate severity when admitted to the hospital with somnolence soporos consciousness
(GCS 9–14), and severe when admitted to the hospital in a coma (GCS 8). The onset
attack is the time interval (hours) from symptoms appearing until the patient is admitted
to the hospital, measured by copying medical records.

The service process is a composite variable of 3 indicators including assessment need
24 h of admission, antiplatelet drugs administration 24 h of admission, and neurological
observation 48 h of admission, obtained by copying from medical records divided into 2
categories of complete and incomplete. The service process is complete when the three
indicators are met, otherwise, it is considered a lack of service process.

As many as 35 informants consisting of leaders and health service providers (PPK)
in each study hospital were interviewed using a structured questionnaire to obtain the
proportion of management support overview for the CP implementation from January
2012 to December 2015. The data was calculated by comparing the total score of respon-
dents’ answers to the number ideal score of expected answers using tabulation in excel
format and presented as percentages.

The study locations are a type A government hospital in Semarang, a type A govern-
ment hospital in Jakarta, and a type B private hospital in Yogyakartawhichat have run a
stroke registry, taking into account the Primary Stroke Center (PSC) services uniformity
with at least 5 elements, including 1) stroke unit, 2) neuroimaging services operating 24
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Fig. 1. Sensitivity and specificity curves of hospitalization length

h a day, 3) full-time neurologist, 4) acute stroke team, and 5) neurosurgeon [12]. In addi-
tion, the hospital has a uniform CP determined based on dimension 1 of the Integrated
Clinical Pathway Appraisal Tools (ICPAT) instrument. This instrument ensures the CP
format validity has at least 1) timeframe, 2) services activity, 3) outcome criteria and 4)
variance recording [13].

Univariate analysis was performed to describe the subject’s characteristics, and the
Chi-square test was used to describe the relationship strength between variables using
the Relative Risk (RR) calculation. A stratification test was performed to determine
the interaction between independent and covariate variables. Subsequently, confound-
ing control was carried out with multivariate analysis using the Cox regression test, a
suitable method for estimating Relative Risk (RR) in cohort studies [14]. By setting
the same follow-up time for all individuals (CP and without CP groups), the hazard
ratio generated can estimate the Relative Risk value [11]. Study Ethics Approval was
obtained from the Health Research and Development Agency Ethics Committee No:
154/H2.F10/PPM.00.02/2015, dated March 16, 2015.

3 Results

As many as 651 ischemic stroke patients met the inclusion criteria consisting of 462
(71%) without CP and 189 (29%) with CP groups. The median hospitalization length
in three hospitals varies. The type A government hospital in Semarang (231 subjects) is
7 days, at type A government hospital in Jakarta (79 subjects) is 6 days, and 9 days at
the type B private hospital in Yogyakarta (341 subjects). ROC analysis was performed
to obtain a cut-off point with optimal sensitivity and specificity in the study population.
From 651 subjects, the optimal cut-off point is at coordinates 7.5 with a sensitivity of
44% and a specificity of 56%. Therefore, the cut-off point for hospitalization length is
8 days, rounded off from 7.5 as illustrated in Fig. 1.

The patient characteristics show that 57.0% were male, 38.9% were aged 18–
55 years, 65.3% of patients experienced short hospitalization length (≤8 days), and
87.6% had dyslipidemia (Table 1). Regarding disease severity, 75.6% of admitted
patients had mild severity (GCS 15) and 34.6% experienced an onset attack > 24 h.
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Table 1. Patients characteristics

Variables Total (n) Percentage (%)
Clinical pathway (CP)

CP 189 29.0

Non-CP 462 71.0

Hospitalization length (days)

Short (≤8) 425 65.3

Long (>8) 226 34.7

Age (years)

>75 75 11.5

66-75 113 17.4

55-65 210 32.3

18-55 253 38.9

Gender

Male 371 57.0

female 280 43.0

Hypertension

Yes 508 78.0

No 43 22.0

Diabetes mellitus

Yes 214 32.9

No 473 67.1

Dyslipidemia

Yes 570 87.6

No 81 12.4

Disease severity

Severe (GCS ≤8) 32 4.9

Moderate (GCS 9-14) 127 19.5

Mild (GCS 15) 492 75.6

Onset attack (hours)

>24 225 34.6

13-24 157 24.1

7-12 92 14.1

3-6 108 16.6

<3 69 10.6

Service process

Incomplete 518 79.6

Complete 133 20.4

Management support

Low 612 94.0

High 39 6.0

Management support describes the proportion of hospital leadership and Commitment
Making Officer (CMO) support for the development and CP implementation. The score
of management support is 1.295, with an ideal score of 1.680, meaning that the overall
management support is good (>77%). Most of the informants (94%) indicate a lack of
management support for CP implementation.

The bivariate analysis results show that ischemic stroke patients who received CP
were more likely to have 6% shorter hospitalization length days (≤8 days) than those
who didn’t receive CP (RR: 0.94; 95%CI: 0.75–1.19; p: 0.351). The risk of long hos-
pitalization length days (>8 days) increased with patients’ age and disease severity.
Patients with diabetes mellitus were 1.45 times more likely to have longer hospitaliza-
tion (RR: 1.45; 95%CI: 1.18–1.79; p: 0.001) compared to those who weren’t having
diabetes mellitus (Table 2).
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Table 2. Bivariate analysis of hospitalization length based on the clinical pathway

Variables

Hospitalization length (days)
Total
n (%) RR 95%CI P-value

Long (>8)
n (%)

Short (≤8)
n (%)

Clinical Pathway
CP 63  (33.3) 126  (66.7) 189  (100.0) 0.94 0.75-1.19 0.351

Non-CP 163  

(35.3)

299  (64.7) 462  (100.0) Ref

Age
>75 years old 37  (49.3) 38  (50.7) 75  (100.0) 1.66 1.12 – 2.47 0.005

66-75 years old 43  (38.1) 70  (61.9) 113  (100.0) 1.28 0.88 – 1.87 0.096

55-65 years old 71  (33.8) 139  (66.2) 210  (100.0) 1.14 0.82 – 1.58 0.213

18-55 years old 75  (29.6) 178  (70.4) 253  (100.0) Ref

Gender
Male 128  

(34.0)

245  (66.0) 371  (100.0) 0.95 0.92 – 1.15 0.351

Female 100 

(35.7)

180  (64.3) 280  (100.0) Ref

Hypertension
Yes 168  

(33.1)

340  (66.9) 508  (100.0) 0.82 0.65 – 1.03 0.060

No 58  (40.6) 85  (59.4) 143  (100.0) Ref

Diabetes Mellitus
Yes 94  (43.9) 120  (56.1) 214  (100.0) 1.45 1.18 – 1.79 0.000

No 132  

(30.2)

305  (69.8) 437  (100.0) Ref

Dyslipidemia
Yes 196  

(34.4)

374  (65.6) 570  (100.0) 0.93 0.68-1.26 0.365

No 30  (37.0) 51  (63.0) 81  (100.0) Ref

Disease Severity
Severe (GCS  ≤ 8) 23  (71.9) 9  (28.1) 32  (100.0) 2.56 1.65 – 3.98 0.000

Moderate (GCS 9-14) 65  (51.2) 62  (48.8) 127  (100.0) 1.83 1.36 – 2.45 0.000

Mild (GCS 15) 138  

(28.0)

354  (72.0) 492  (100.0) Ref

OnsetAttack
>24 hours 79  (35.1) 146  (64.9) 225  (100.0) 1.05 0.66 – 1.68 0.413

13-24 hours 56  (35.7) 101  (64.3) 157  (100.0) 1.07 0.66 – 1.74 0.392

7-12 hours 28  (30.4) 64  (69.6) 92  (100.0) 0.91 0.53 – 1.59 0.373

3-6 hours 40  (37.0) 68  (63.0) 108  (100.0) 1.11 0.66 – 1.86 0.343

<3 hours 23  (33.3) 46  (66.7) 69  (100.0) Ref

Service Process
Incomplete 172  

(33.2)

346  (66.8) 518  (100.0) 0.82 0.64 – 1.04 0.068

Complete 54  (40.6) 79  (59.4) 133  (100.0) Ref

Management Support
Low 213  

(34.8)

399  (65.2) 612  (100.0) 1.04 0.66-1.65 0.494

High 13  (33.3) 26  (66.7) 39  (100.0) Ref

The stratification test showed no interaction between variables. Cox regression anal-
ysis was performed by including the independent variables and all covariates in the
initial model (full model). Furthermore, the confounding test was conducted by compar-
ing the RR value of the main variable before (RR crude) and after (RR adjusted). Disease
severity and management support were not confounding variables but were substantially
important and included in the final model.

The final Cox regression model in Table 3 shows that patients who didn’t receive
CP had a 53% risk of having longer hospitalization length days (>8 days) than those
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Table 3. The final model of clinical pathway effect on hospitalization length

Variables RR 95%CI P-value
Clinical pathway (CP)

CP 0.47 0.24 – 0.93 0.020
Non-CP Ref

Disease severity

Severe (GCS ≤8) 2.53 0.63 – 3.95 0.000

Moderate (GCS 9-14) 1.80 1.34-2.41

Mild (GCS 15) Ref

Management support

Low 1.11 0.60 – 2.05 0.374

High Ref

Service process

Incomplete 0.41 0.20-0.84 0.007

Complete Ref

who received CP, after controlling for disease severity, management support, and service
process (RR: 0.47; 95%CI: 0.24–0.93; p: 0.020).

4 Discussion

This study was conducted in public and private hospitals, which have been running a
stroke registry since 2012. The study location assessment was conducted based on the
criteria for uniformity of Primary Stroke Center (PSC) services, and the CP format meets
the 4 main components of Dimension 1 ICPAT. Therefore, the results can only be gener-
alized to the eligible population, such as hospitals with similar criteria. The retrospective
cohort study design strength is the investigation direction clarity that ensures the tem-
porality principle, including cause (ischemic stroke CP) precedes effect (hospitalization
length), and conformity with the causality principle [15].

This study found CP treatment on patients could reduce the risk of long hospital-
ization length (>8 days) by 53% compared to non-CP treatment after controlling for
disease severity variables, management support, and service processes. This study con-
trolled external factors such as demographics, comorbidities, clinical factors, service
processes, and management support. Variables were defined as a confounder if the risk
factor effect is distorted due to the association of the exposure factor to external factors.
This is in response to El Baz’s recommendation that a CP study on the effectiveness
of hospitalized length should take into account demographic and clinical confounding
factors [10]. The narrow confidence interval value and a significant association indicate
that the coincidence factor (chance) doesn’t affect the results.

Disease severity influenced the association between ischemic stroke CP and hos-
pitalization length. Patients who were admitted with severe and moderate severity had
2.53 times and 1.80 times the risks of having treatment>8 days. This is consistent with
previous studies which found that disease severity level at hospital admission was a
significant predictor of hospitalization length [16, 17].

Furthermore, management support affects the clinician’s compliance with CP imple-
mentation. A lack of management support for CP implementation in this study increased
the risk of a long hospitalization stay by 1.11 times. A clinical pathway is an instrument
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that contains services provided to patients by evidence-based medicine to standard-
ize services. The role of hospital management and Commitment Making officers is very
important in the successful implementation of CP. The three hospitals have been running
CP for over 2 years, but the evaluation has not been conducted regularly. In this study,
the service process showed negative results. The service process measurement using
a composite variable of 3 indicators (assessment needs 24 h of admission, antiplatelet
drugs administration 24 h of admission, and neurological observation within 48 h of
admission) may cause this result. Therefore, the effect of each indicator cannot be mea-
sured, which can lead to a negative result. This study uses secondary data from medical
records and cannot control the quality of the measurements made in the past.

This study is consistent with previous results, which found that CP implementa-
tion reduced hospitalization length [18]. Clinical pathways can decrease hospitalization
length and average expenses, increase patient satisfaction, and improve the care quality
in stroke management [8]. The clinical pathways can improve efficiency and quality,
control health service costs, and reduce complications and hospitalization length [19–
21]. In addition, the clinical pathways implication can decrease the hospitalization length
in cesarean section patients at Dr. Soetomo Hospital and in acute coronary syndrome
patients at Sardjito Hospital [22, 23]. Another study showed that there was a significant
effect on the average hospitalization length for non-hemorrhagic stroke patients given a
clinical nursing pathway [24].

The hospitalization length is one of the output indicators used as an outcome in a
clinical pathway effectiveness study [7]. Previous studies that measured the CP effect
still showed varied results, which may be due to not using the standard structure or
format of CP used [25]. This bias was minimized by determining the location based on
the standardized CP form that is used in hospitals, that meets the ICPAT Dimension 1
criteria [26, 27]. Integrated Clinical Pathway Appraisal Tools (ICPAT) is an instrument
used to assess theCP content and quality, consisting of 1). Dimension 1:CP formvalidity,
2).Dimension2:CPDocumentation, 3).Dimension3:CPdevelopment, 4).Dimension4:
CP implementation 5). Dimension 5: Maintenance, 6). Dimension 6: Organization [28].
No expert agreement in determining the cut-off point for the hospitalization length allows
information bias in this study. Therefore, this study used ROC analysis to determine cut
off point for the hospitalization length.

The three hospitals in this study have been conducting CP for over 2 years, but
the evaluation has not been done regularly. The standard operating procedure (SOP)
compiled in the clinical practice guidelines (PPK) form and supplemented with CP
should be reviewed and updated at least every two years [29]. The monitoring and
evaluation of CP implementation should improve the patient’s clinical outcome. These
efforts need to produce quality services at controlled costs, which are part of the National
Health Insurance (JKN) policy objectives.

5 Conclusion

The ischemic stroke clinical pathway implementation in the three study hospitals
significantly reduced the hospitalization length.
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