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Abstract

Background. Rapid physiological assessment in emergency departments (EDs) is essential for accurate triage and
timely intervention. The Emergency Severity Index system categorises patients by clinical urgency, yet evidence
remains limited regarding the prognostic value of capillary refill time and peripheral oxygen saturation in identifying
high-acuity cases.

Aim. To examine the relationship between capillary refill time, peripheral oxygen saturation, and patient acuity levels
based on Emergency Severity Index triage categories.

Methods. This analytical cross-sectional study evaluated medical records of 80 adult patients treated at a pulmonary
hospital ED. Capillary refill time, peripheral oxygen saturation, and Emergency Severity Index levels were extracted.
Associations were analysed using the Chi-Square test, with statistical significance set at p < 0.05. Prevalence ratios
and 95% confidence intervals were calculated.

Results. Prolonged capillary refill time exceeding two seconds was significantly associated with higher-acuity Emer-
gency Severity Index levels 1-2 (p < 0.001; prevalence ratio = 19.2; 95% confidence interval: 5.4-68.2). Similarly,
peripheral oxygen saturation below 90 percent correlated with higher acuity (p < 0.001; prevalence ratio = 19.9; 95%
confidence interval: 4.0-97.8).

Conclusions. Capillary refill time and peripheral oxygen saturation are strong physiological predictors of patient
acuity in Emergency Severity Index triage. Incorporating these measures into triage protocols may enhance the early
identification of critically ill patients, particularly in resource-limited emergency settings.
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1. INTRODUCTION

Emergency departments (ED) globally face escalating challenges from high patient volumes
and suboptimal triage accuracy, which may critically compromise clinical outcomes for high-acuity
patients (Bazmul et al., 2019; Hania et al., 2020). In Indonesia, EDs manage over four million annual
visits, including complex cases at specialised hospitals such as Dr. Ario Wirawan Pulmonary Hospital
(Ariyani & Rosidawati, 2020). The Emergency Severity Index (ESI) triage system, a widely adopted tool
classifying patients based on physiological stability and resource needs, remains hindered by operation-
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al inefficiencies, particularly in settings with high caseloads (Ariyani & Rosidawati, 2020). Multistep
acuity assessments often delay time-sensitive interventions, underscoring the need for rapid, objective
predictors of clinical deterioration.

Physiological parameters like capillary refill time (CRT) and oxygen saturation serve as frontline
indicators of circulatory integrity and tissue perfusion (Monteerarat et al., 2022; Ristanto & Zakaria,
2018). While studies associate CRT >2 seconds and SpO2 <90% with adverse outcomes (Sansone et al.,
2017; Satici et al., 2022), their integration into ESI protocols remains understudied. Technical limita-
tions such as inter-rater variability in CRT measurement and SpO: inaccuracies in specific populations
(Wong et al., 2021) further complicate standardised implementation.

2. METHODS

This analytical cross-sectional study aimed to examine the relationship between capillary refill
time, peripheral oxygen saturation, and patient acuity levels determined by the Emergency Severity
Index. This design was selected for its suitability in identifying associations between variables without
direct intervention, making it particularly appropriate for research in resource-limited emergency depart-
ment (ED) settings (Ariyani & Rosidawati, 2020).

Participants

A total of 80 adult patients (aged >18 years), systematically sampled at five-visit intervals from
409 ED admissions during July 2024 at Dr. Ario Wirawan Pulmonary Hospital, Indonesia, were includ-
ed. Inclusion criteria were complete documentation of capillary refill time, peripheral oxygen saturation,
and Emergency Severity Index triage levels. Patients diagnosed with Acute Respiratory Distress Syn-
drome, Chronic Obstructive Pulmonary Disease (COPD), or critical paediatric conditions were excluded
to minimise physiological confounders (Fernandez-Sarmiento et al., 2024).

Measurements

Capillary refill time (CRT) was assessed using a standardised digital timing procedure involving
five seconds of pressure applied to the right middle fingernail, with colour recovery time recorded in
seconds (Monteerarat et al., 2022).

Peripheral oxygen saturation (SpO:) was measured using a calibrated Philips IntelliVue MX500
monitor, verified under the Indonesian Ministry of Health Calibration Certificate (October 2023).

Patient acuity levels were classified according to the Emergency Severity Index, version 5
(Emergency Nurses Association, 2023), based on physiological stability, potential for deterioration, and
resource requirements.

Data collection procedure

Data collection followed a structured three-step protocol:

Identification of eligible medical records through systematic random sampling.

Extraction of capillary refill time, peripheral oxygen saturation, and Emergency Severity Index
data using anonymised patient identifiers (e.g. ‘Mr. A’).

3. Secure entry of data into encrypted cloud-based forms protected by two-factor authentication.

N —

Data analysis

Data were analysed using IBM SPSS Statistics version 28.0 (IBM Corp., Armonk, NY, USA).
Univariate statistics described demographic and clinical characteristics. Bivariate analysis using the Chi-
Square test (o = 0.05) examined associations between capillary refill time (>2 seconds vs. <2 seconds),
peripheral oxygen saturation (<90% vs. >90%), and dichotomised acuity groups (Unstable: Emergency
Severity Index 1-2; Stable: Emergency Severity Index 3-5). Prevalence ratios and 95% confidence
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intervals quantified association strength. The Chi-Square test was chosen for its reliability in analysing
categorical data and its frequent application in emergency triage research (Mirhaghi et al., 2015).

Ethical considerations

Ethical approval was obtained from the Ethics Committee of Dr. Ario Wirawan Pulmonary Hos-
pital (Ref. No. DP.04.03/D.XL.9.7/010/2025). The study complied with the principles of the Declaration
of Helsinki, ensuring patient anonymity (initial-based coding), data confidentiality (encrypted storage),
and non-maleficence (no direct patient involvement). Data access and utilisation were authorised under
Research Permit No. DP.04.03/D.XL/2346/2025.

3. RESULTS

Demographic and clinical characteristics of the study participants are presented in Table 1. The
sample consisted predominantly of male patients (57.5%, n = 46), with a median age of 54 years (range:
18-90 years). The most common admission diagnosis was chronic obstructive pulmonary disease
(COPD) (8.8%, n =7), and the leading presenting complaint was dyspnoea (31.3%, n = 25).

Regarding physiological parameters, 72.5% (n = 58) of participants demonstrated a normal cap-
illary refill time (<2 seconds), while 27.5% (n = 22) exhibited a prolonged refill time (>2 seconds).
Oxygen saturation analysis showed that 81% (n = 65) maintained peripheral oxygen saturation levels of
>90%, whereas 19% (n = 15) had SpO- values below 90%.

Based on Emergency Severity Index triage, 36% (n = 29) of patients were categorised as unstable
(ESI levels 1-2), and 64% (n = 51) as stable (ESI levels 3—5). Among all triage levels, ESI level 2 con-
stituted the largest subgroup (35%, n = 28), followed by ESI level 4 (32.5%, n = 26).

Table 1. Participant characteristics and distribution of CRT, SpO:, and acuity levels (n = 80)

Variable | Value
Gender, n (%)
Male 46 (57.5)
Female 34 (42.5)
Age, yrs., median 54 (18-90)
(range)
Diagnosis, n (%)
COPD 7 (8.8)
Injury/Trauma 7 (8.8)
Hypertension 6 (7.5)
Other diagnoses' 60 (75)
Chief complaint, n (%)
Dyspnoea 25(31.3)
Pain 22 (27.5)
Other complaints? 33 (41.3)
CRT, n (%)
>2 seconds 22 (27.5)
<2 seconds 58 (72.5)
SpO:z, n (%)
<90% 15 (19)
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Variable Value
>90% 65 (81)
ESI level, n (%)
1 1(1.25)
2 28 (35)
3 18 (22.5)
4 26 (32.5)
5 7 (8.75)
Acuity level, n (%)
Unstable (ESI 1-2) 29 (36)
Stable (ESI 3-5) 51 (64)

Notes: ! — includes lung cancer, fracture, congestive heart failure, tuberculosis, diabetes, asthma, and dyspepsia; 2—
includes weakness, nausea/vomiting, cough, and other symptoms. COPD — chronic obstructive pulmonary disease;
CRT - capillary refill time; SpO: — peripheral oxygen saturation; ESI — Emergency Severity Index.

The relationships between capillary refill time (CRT), peripheral oxygen saturation (SpO-), and
patient acuity levels are summarised in Table 2. Prolonged CRT (>2 seconds) was significantly asso-
ciated with unstable acuity (ESI levels 1-2) (p < 0.001; prevalence ratio (PR) = 19.2; 95% confidence
interval (CI): 5.4—68.2). Likewise, oxygen saturation below 90% demonstrated a strong association with
unstable acuity (p <0.001; PR =19.9; 95% CI: 4.0-97.8).

Table 2. Association between capillary refill time, oxygen saturation and acuity level (n = 80)

Variable Unstable | Stable Total PR (95% CI) p-value
acuity acuity
(ESI 1-2) | (ESI 3-5)
CRT >2 sec,n (%) | 18 (81.8) | 4(18.2) 22 (100) |19.2(5.4-68.2) | <0.001
CRT <2 sec,n (%) | 11 (19.0) | 47 (81.0) | 58 (100)
Sp0:<90%,n (%) | 13 (86.7) | 2(13.3) 15(100) |19.9(4.0-97.8) | <0.001
Sp022>90%,n (%) | 16 (24.6) | 49 (75.4) | 65 (100)

Note: CRT — capillary refill time; SpO: — peripheral oxygen saturation; ESI — Emergency Severity Index; PR —
prevalence ratio; CI — confidence interval.

4. DISCUSSION

This study demonstrates that prolonged capillary refill time (CRT >2 seconds) and hypoxaemia
(oxygen saturation <90%) are strong independent predictors of high-acuity status among patients as-
sessed under the Emergency Severity Index (ESI) triage system. Patients with abnormal CRT exhibited
a 19.2-fold higher likelihood of unstable acuity (ESI 1-2; p < 0.001; 95% CI: 5.4-68.2), while those
with hypoxaemia had a 19.9-fold higher risk (p < 0.001; 95% CI: 4.0-97.8). These findings confirm
that CRT and oxygen saturation are rapid, objective indicators of impaired perfusion and oxygenation,
corresponding with established physiological thresholds for cardiovascular and respiratory compromise
(Monteerarat et al., 2022; Ristanto & Zakaria, 2018). Incorporating these measures into routine ESI
assessments may improve triage accuracy, reduce dependence on subjective judgement, and minimise
treatment delays that have been associated with up to 30% higher mortality rates (Hania et al., 2020).
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The current findings reinforce prior research underscoring the predictive value of CRT. Sansone
et al. (2017) reported a 94% sensitivity of CRT >2 seconds for detecting sepsis-related clinical deteriora-
tion, while Fernandez-Sarmiento et al. (2024) found a strong correlation between CRT prolongation and
elevated serum lactate levels (r = 0.78, p < 0.01). Conversely, Kikomeko et al. (2022) argued that CRT
may be less predictive in trauma populations, where altered mental status and impaired mobility better
predicted 24-hour mortality. The apparent discrepancy likely reflects differing clinical contexts — trau-
ma-focused versus respiratory-focused emergency departments (EDs) — and divergent outcome meas-
ures, namely mortality versus acuity.

Oxygen saturation was similarly validated as a prognostic indicator in this study. In alignment
with Kobayashi et al. (2018), oxygen saturation below 90% significantly increased hospitalisation risk
(OR = 3.5; 95% CI: 2.1-5.8). Das et al. (2020) further confirmed oxygen saturation as a key variable
in mortality prediction models (AUC = 0.86). However, Wong et al. (2021) cautioned against potential
inaccuracies in pulse oximetry among ethnically diverse populations due to spectrophotometric bias — a
limitation less relevant to this investigation, which involved an ethnically homogeneous cohort.

The epidemiological profile of the present sample reflects the hospital’s specialisation in respira-
tory care, with chronic obstructive pulmonary disease (COPD) (8.8%) and dyspnoea (31.3%) being the
predominant diagnoses. Compared with general ED data, where pain is typically the leading complaint
(Akyil & Yildirim, 2019), this clinical focus may have inflated the observed prevalence of hypoxaemia,
thus warranting cautious generalisation of the findings to broader emergency settings.

Importantly, this investigation represents the first to concurrently validate CRT and oxygen sat-
uration as complementary predictors of acuity within the ESI triage framework in a pulmonary hospital
context. The combined use of these parameters enhances operational efficiency by facilitating faster,
evidence-based stratification in high-volume EDs, such as Dr. Ario Wirawan Pulmonary Hospital, which
manages over 4,900 visits annually. Furthermore, the findings support the integration of these physiolog-
ical indicators into digital decision-support systems capable of real-time risk detection, with potential to
inform national and institutional triage policy frameworks aimed at minimising treatment delays.

Nonetheless, several limitations warrant consideration. The cross-sectional design precludes
causal inference between the studied variables and clinical outcomes. Single-centre data collection lim-
its external validity, and the ethnically homogeneous sample does not address known biases in pulse
oximetry accuracy among diverse populations. Future research should adopt multicentre prospective
designs to validate these findings across different clinical and demographic contexts, assess long-term
outcomes such as 30-day mortality and hospital length of stay, and incorporate additional physiological
parameters — including blood pressure, respiratory rate, and comorbidities — into predictive modelling.
Moreover, the development and implementation of standardised nurse training protocols for CRT meas-
urement are essential to reduce interobserver variability and improve reproducibility.

5. CONCLUSIONS AND PERSPECTIVES

This study demonstrates that capillary refill time and oxygen saturation are valuable physiolog-
ical indicators for identifying patients with high clinical acuity in emergency department settings. Their
inclusion in triage protocols based on the Emergency Severity Index may enhance the accuracy and
efficiency of patient prioritisation. By providing rapid, objective insights into circulatory and respiratory
function, these measures can support more timely clinical decisions, reduce treatment delays, and opti-
mise resource allocation — particularly in high-demand emergency environments.

Future research should focus on validating these findings through larger, multicentre studies and
across diverse patient populations. Expanding predictive models to include additional physiological and
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contextual parameters may improve their clinical applicability. Standardised training for healthcare per-
sonnel in the assessment of capillary refill time is also recommended to ensure reliability and reproduc-
ibility. Furthermore, integrating these parameters into digital decision-support systems could strengthen
real-time triage accuracy and contribute to safer, more efficient emergency care delivery.

Author Contributions: Conceptualisation, M.S.A.F. and B.S.D.S.; methodology, M.S.AF. and B.S.D.S.; valida-
tion, B.S.D.S.; formal analysis, M.S.A.F.; investigation, M.S.A.F.; resources, M.S.A.F.; data curation, M.S.A.F.;
writing—original draft preparation, M.S.A.F.; writing—review and editing, B.S.D.S.; supervision, B.S.D.S. All

authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Informed Consent Statement: Informed consent was waived by the Ethical Committee of Dr. Ario Wirawan Pul-
monary Hospital (Ref. No. DP.04.03/D.XL.9.7/010/2025) due to the retrospective design and use of anonymised
medical records.

Acknowledgements: The authors thank the medical record staff of Dr. Ario Wirawan Pulmonary Hospital for facil-
itating data access and STIKES Estu Utomo for institutional support.

Conflicts of Interest: The authors declare no conflict of interest.
References

Akyil, F. T., & Yildirim, S. (2019). The clinical significance and age analysis of patients admitted to
emergency department with chest diseases. Southern Clinics of Istanbul Eurasia, 30(4), 320—
325. https://doi.org/10.14744/scie.2019.70883

Ariyani, H., & Rosidawati, 1. (2020). Literature review: Penggunaan triase Emergency Severity Index
(ESI) di instalasi gawat darurat (IGD). Jurnal Kesehatan Bakti Tunas Husada: Jurnal lImu-Ilmu
Keperawatan, Analis Kesehatan dan Farmasi, 20(2), 143—152. https://doi.org/10.36465/jkbth.
v20i2.606

Bazmul, M. F., Lantang, E. Y., & Kambey, B. 1. (2019). Profil kegawatdaruratan pasien berdasarkan
Start Triage Scale di instalasi gawat darurat RSUP Prof. Dr. R. D. Kandou Manado periode
Januari 2018 sampai Juli 2018. Jurnal E-Clinic (ECI), 7(1), 46-50. https://doi.org/10.35790/ecl.
v7il.23538

Das, M., Bardakci, O., Siddikoglu, D., Akdur, G., Yilmaz, M. C., Akdur, O., & Beyazit, Y. (2020). Prog-
nostic performance of peripheral perfusion index and shock index combined with ESI to predict
hospital outcome. American Journal of Emergency Medicine, 38(10), 2055-2059. https://doi.
org/10.1016/j.ajem.2020.06.084

Emergency Nurses Association. (2023). Emergency severity index handbook (5th ed.).

Fernandez-Sarmiento, J., Lamprea, S., Barrera, S., Acevedo, L., Duque, C., Tryjillo, M., Aguirre, V., &
Jimenez, C. (2024). The association between prolonged capillary refill time and microcirculation
changes in children with sepsis. BMC Pediatrics, 24(68), 1-10. https://doi.org/10.1186/s12887-
024-04524-5

60


https://doi.org/10.14744/scie.2019.70883
https://doi.org/10.36465/jkbth.v20i2.606
https://doi.org/10.36465/jkbth.v20i2.606
https://doi.org/10.35790/ecl.v7i1.23538
https://doi.org/10.35790/ecl.v7i1.23538
https://doi.org/10.1016/j.ajem.2020.06.084
https://doi.org/10.1016/j.ajem.2020.06.084
https://doi.org/10.1186/s12887-024-04524-5
https://doi.org/10.1186/s12887-024-04524-5

Capillary Refill Time and Oxygen Saturation as Predictors of Patient Acuity in Emergency Severity Index Triage: A Cross-
Sectional Study

Hania, U. P., Budiharto, I., & Yulanda, N. A. (2020). Literature review: Faktor-faktor yang mempengaru-
hi response time perawat pada penanganan IGD. Pro Ners, 5(2), 1-14. https://doi.org/10.1007/

springerreference 23659

Kikomeko, B., Mutiibwa, G., Nabatanzi, P., Lumala, A., & Kellett, J. (2022). A prospective, internal
validation of an emergency patient triage tool for use in a low resource setting. African Journal
of Emergency Medicine, 12(3), 287-292. https://doi.org/10.1016/j.afjem.2022.05.003

Kobayashi, M., Fukuda, S., Takano, K. 1., Kamizono, J., & Ichikawa, K. (2018). Can a pulse oxygen
saturation of 95% to 96% help predict further vital sign destabilization in school-aged children?
Medicine, 97(25), 1-5. https://doi.org/10.1097/MD.0000000000011135

Mirhaghi, A., Heydari, A., Mazlom, R., & Hasanzadeh, F. (2015). Reliability of the emergency severity
index: Meta-analysis. Sultan Qaboos University Medical Journal, 15(1), e71-77.

Monteerarat, Y., Limthongthang, R., Laohaprasitiporn, P., & Vathana, T. (2022). Reliability of capillary
refill time for evaluation of tissue perfusion in simulated vascular occluded limbs. European
Journal of Trauma and Emergency Surgery, 48(2), 1231-1237. https://doi.org/10.1007/s00068-
020-01594-9

Ristanto, R., & Zakaria, A. (2018). Akurasi oxygen saturation (SPO2) sebagai prediktor mortality pada
klien cedera kepala. Jurnal Kesehatan Mesencephalon, 4(2), 94-98. https://doi.org/10.36053/
mesencephalon.v4i2.87

Sansone, C. M., Prendin, F., Giordano, G., Casati, P., Destrebecq, A., & Terzoni, S. (2017). Relationship
between capillary refill time at triage and abnormal clinical condition: A prospective study. The
Open Nursing Journal, 11, 84-90. https://doi.org/10.2174/1874434601711010084

Satici, M. O., Islam, M. M., Satici, C., Uygun, C. N., Ademoglu, E., Altunok, I., Aksel, G., & Eroglu, S.
E. (2022). The role of a noninvasive index ‘Spo2/Fi02’ in predicting mortality among patients
with COVID-19 pneumonia. American Journal of Emergency Medicine, 57(1), 54-59. https://
doi.org/10.1016/j.ajem.2022.04.036

Wong, A. K. 1., Charpignon, M., Kim, H., Josef, C., De Hond, A. A. H., Fojas, J. J., Tabaie, A., Liu, X.,
Mireles-Cabodevila, E., Carvalho, L., Kamaleswaran, R., Madushani, R. W. M. A., Adhikari, L.,
Holder, A. L., Steyerberg, E. W., Buchman, T. G., Lough, M. E., & Celi, L. A. (2021). Analysis
of discrepancies between pulse oximetry and arterial oxygen saturation measurements by race
and ethnicity and association with organ dysfunction and mortality. JAMA Network Open, 4(11),
1-14. https://doi.org/10.1001/jamanetworkopen.2021.31674

61


https://doi.org/10.1007/springerreference_23659
https://doi.org/10.1007/springerreference_23659
https://doi.org/10.1016/j.afjem.2022.05.003
https://doi.org/10.1097/MD.0000000000011135
https://doi.org/10.1007/s00068-020-01594-9
https://doi.org/10.1007/s00068-020-01594-9
https://doi.org/10.36053/mesencephalon.v4i2.87
https://doi.org/10.36053/mesencephalon.v4i2.87
https://doi.org/10.2174/1874434601711010084
https://doi.org/10.1016/j.ajem.2022.04.036
https://doi.org/10.1016/j.ajem.2022.04.036
https://doi.org/10.1001/jamanetworkopen.2021.31674

Muh Salman Al Farisi, Bambang Sudono Dwi Saputro

Kapiliary prisipildymo laikas ir deguonies prisotinimo lygis kaip paciento biiklés
sunkumo rodikliai pagalbos skubumo nustatymo sistemoje: skerspjiivio tyrimas

Muh Salman Al Farisi'*, Bambang Sudono Dwi Saputro?
! STIKES Estu Utomo, Bojolalis, Indonezija

2 STIKES Estu Utomo, Bojolalis, Indonezija
* Susirasinéjimui: alkhawarizmisalman@gmail.com; +62 856 4357 7462

Santrauka

Tyrimo pagrindimas. Greitas fiziologinés buklés jvertinimas skubios pagalbos skyriuose biitinas norint tiksliai suskirs-
tyti pacientus pagal biiklés sunkuma ir laiku imtis reikalingy veiksmy. Skubios pagalbos indeksas padeda klasifikuoti
pacientus pagal klinikinj skubuma, bet triiksta jrodymy apie kapiliary prisipildymo laiko ir deguonies prisotinimo
lygio prognostine verte buklés sunkumui nustatyti.

Tikslas. Istirti ry$j tarp kapiliary prisipildymo laiko, deguonies prisotinimo lygio ir paciento buklés skubumo rodikliy
pagal skubios pagalbos indeksa.

Metodai. Siame analitiniame skerspjivio tyrime vertinti 80-ies suaugusiy pacienty, gydyty plaudiy ligy ligoninés
skubios pagalbos skyriuje, sveikatos jrasai. Buvo iSanalizuota: kapiliary prisipildymo laikas, deguonies prisotinimo
lygis ir skubios pagalbos indekso rodikliai. Rysiai tarp kintamyjy buvo tiriami naudojant Chi kvadrato testa, statistinis
reik§mingumas — p < 0,05. Apskaiciuoti paplitimo santykiai ir 95 % pasikliautinasis intervalas.

Rezultatai. llgiau nei dvi sekundes trunkantis kapiliary prisipildymas buvo reikSmingai susij¢s su aukstais (1-2) sku-
bios pagalbos indekso rodikliais (p < 0,001; paplitimo santykis = 19,2; 95 % pasikliautinasis intervalas: 5,4-68,2).
Panasiai, mazesnis nei 90 % deguonies prisotinimas koreliavo su didesniu buklés sunkumu (p < 0,001; paplitimo
santykis = 19,9; 95 % pasikliautinasis intervalas: 4,0-97,8).

Isvados. Pagal skubios pagalbos indeksa, kapiliary prisipildymo laikas ir deguonies prisotinimas yra stipris fizio-
loginiai pacienty biiklés sunkumo prognozés rodikliai. Siy parametry integravimas j pagalbos skubumo nustatymo
sistemos protokolus gali pagerinti kritinés buiklés pacienty ankstyvojo nustatymo galimybes, ypa¢ esant ribotiems
iStekliams.

Reik$miniai ZodZiai: kapiliary prisipildymo laikas; deguonies prisotinimas; pagalbos skubumo nustatymo sistema;
skubios pagalbos indeksas; paciento biiklés sunkumas
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