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Abstract: Our goal is to create point-of-care (POC) strategies that accelerate decision making, in-
crease efficiency, improve outcomes, and enhance standards of care in island communities faced 
with global warming, rising oceans, population migration, and intensifying weather disasters. We 
assessed needs in the Bantayan Archipelago and mainland Cebu Province, Visayas Islands, Philip-
pines, to map POC diagnostics, rescue times, and spatial care paths. Significant deficiencies were 
lack of cardiac troponin testing for rapid diagnosis of acute myocardial infarction, absence of blood 
gas and pH testing for support of critically ill patients, and geographic gaps prolonging patient 
transfers and delaying treatment. Strengths comprised primary care that can be facilitated by POC 
testing, logical inter-island transfers for which decision making and triage could be accelerated with 
onboard diagnostic testing, and healthcare small-world networks amenable to POC advances, such 
as pre-hospital testing, that avoid overloading emergency rooms. Healthcare resources must be dis-
tributed to archipelago islands, not concentrated in large metropolitan areas inaccessible for emer-
gency interventions. We conclude that a point-of-need focus will help improve public health, de-
crease disparities in mortality among rural islanders versus urban dwellers, and pave the way for 
heightened resilience in anticipation of the adverse impact of global warming on vulnerable coastal 
areas. 

Keywords: acute myocardial infarction; coronavirus disease 2019 (COVID-19); island communities; 
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1. Introduction
The goal of this research is to create point-of-care (POC) strategies that accelerate 

decision making, increase efficiency, improve outcomes, and enhance standards of care 
in the healthcare small-world networks of island communities faced with global warming, 
rising oceans, population migration, weather disasters, and public health crises.  

This paper is the first to address POC testing (POCT) and global warming, and to 
draw on the armamentarium of prehospital testing (Table 1) [1-137] to prepare for future 
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crises. It also is the first to introduce formal geospatial POC strategic planning in the Phil-
ippines. Global warming is intensifying the severity of major storms, such as super ty-
phoons, increasing their frequency, and magnifying the size and scope of damage. Ocean 
levels are projected to rise up to 2.2 meters (~7 feet, 3 inches) by 2150 if climate warming 
is not abated [138].  

Table 1. Prehospital Point-of-care Testing, Decision Making, Outbreak Mitigation, and Outcomes Impact. 

Author, Ref., Jour-
nal, Year Diagnostic Portals 

Setting/ 
Environment 

Decision 
Pivots 

Innovations, Effectiveness, and 
Impact on Outcomes 

Part 1. Strategies for Point-of-need Testing 
• Ambulances and Emergency Medical Services

Baker 
Aust J Rural Health 

2022 

Emergency work-
force and resources 

planning 
Rural Australia POCT 

POCT and clinician radiography were more common in 
smaller facilities. Small and remote facilities adapt by 

using different workforce structures and bedside inves-
tigations. 

Fuzery 
Clin Lab News 

2021 

Ambulance and 
helicopter EMS 

teams 
Alberta, Canada 

POCT stand-
ards of care for 

ambulances 

Patients depend on reliable testing form air and ground 
ambulance teams and the complexity of these environ-
ments deserves special considerations leading to stand-

ards of care. 

Fuzery 
Arch Path Lab Med 

2020 

Ambulance and 
helicopter EMS 

teams 
Alberta, Canada POCT in four

field settings 

POCT in EMS programs should incorporate specific 
guidance on quality standards that are needed to ad-

dress the unique challenges of performing POCT in field 
settings. 

Heaney 
J Paramed Pract 

2020 

Prehospital triage 
using “Labkit” with 
several POC instru-
ments and several 

tests 

Surrey, London, 
England (unique 
empowerment 

study) 

Cobas h232 
HemoCue i-Stat 
StatStrip Coag-

uChek 
Pocket-chem 

POCT results available at the time of paramedic assess-
ment reduced ED conveyance by 21%. 10% had POCT 

results requiring unrecognized admission for urgent Rx. 
31% of conveyance decisions were changed by POCT. 
Results suggest both medical and economic benefits in 

the prehospital setting. 

Sanko S 
Prehosp Emer Care 

2020 

Advance provider 
response unit in 
field with POCT 

Los Angeles Fire 
Department, Cal-

ifornia, USA 
POCT 

Advanced practice providers such as nurse  
practitioners with POCT can be incorporated into the 

prehospital setting to address a  
growing subset of 911-patients whose needs can be met 

outside of the ED. 
• COVID-19 Test Optimization

Eng 
JCH 2022 

ODH 2021 

Geospatial map-
ping of testing sites, 

mobile van for 
COVID-19 POCT 

Rural Cambo-
dian provinces 
and California, 

USA 

COVID-19 
RAgT, RT-PCR, 
and Antibody 

test 

Strategic placement of field RAgTs and referral RT-PCR 
enables proper triage and diagnosis of COVID-19 in the 
rural Cambodian provinces. A mobile van in California 
provides community access to rapid COVID-19 testing 

where outbreaks occur. 
Kost 

Diagnostics 
2022 

APLM 
2019-22 

Diagnostic gate-
ways empowering 
people for self-care 

Mathematical 
analysis of clini-

cal studies, 
worldwide 

COVID-19 
RAgT, saliva 
RT-PCR test  

Visual logistics established the relative merits of home, 
community, and emergency COVID-19 diagnostic por-

tals along spatial care paths that empower people to pro-
tect their families, friends, and workplace colleagues. 

Yolo County Public 
Health and CDC 

2022 

Vending machines 
for COVID-19 test 

kit free distribution 

Yolo County 
public libraries 
(4), California, 

USA 

COVID-19 
RAgT self-test-

ing kits 
(Flowflex) 

First county in California where public health distributes 
COVID-19 RAgTs free of charge in unlimited numbers 

creating responsibility for frequency of use and 24/7 em-
powerment when individual results become available in 

minutes. 
Clinical outreach 

pioneers 
Investigative re-

ports 
2020-2022 

Mobile and door-to-
door testing 

Several sites 
worldwide 

COVID-19 test-
ing outreach at 
points of need 
in the commu-

nity 

Benefits comprise high volume testing; improved access; 
privacy; multiple test formats (PCR, RAgT, AbT); service 
for hard-to-reach, marginalized, vulnerable, and under-

served people diminishing disparities and inequities; 
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increased testing; tracking positivity rates; outbreak mit-
igation; and partnered vaccination.  

• Spatial Care Paths

Kost 

Point of Care 2016 
Am J Dis Med 2015 
Clin Lab Int 2015 
JIFCCLM 2014 

Invention and doc-
umentation of the 
spatial care path 

concept 

Global applica-
tions (see refer-

ences) 

Optimizing pa-
tient access and 
medical deci-
sion making 

POC testing in limited-resource settings is best guided 
by thorough understanding of the POC geospacer and 

culture. The spatial care path facilitates an essential bal-
ance of prevention and intervention in public health and 
shifts future focus to the patient, empowerment, and pri-
mary care within the context of geography, topography, 

healthcare, and culture. 
Kost 

Front Publ Health 
2019 

Ferguson 
Int J Health Geogr 

2016 

Using geographic 
information sys-

tems and geospatial 
analysis 

Isaan, Thailand 

POC access to 
cardiac bi-

omarker testing 
in spatial care 

paths 

Geospatial analyses improve alternative POCT place-
ment in limited-resource settings by revealing deficien-
cies in health care access. GISs provide a platform for 
comparing relative costs, assessing benefits, and im-

proving outcomes. This approach can be implemented 
effectively to enhance cardiac care. 

Part 2. Test Categories 
• Cardiac Biomarkers

Castro-Portillo 
Int J Cardiol 

2022 

Adults with acute 
disease transferred 

to EDs 
Valladolid, Spain NT-proBNP 

POCT NT-proBNP predicts early  
mortality in acute cardiovascular disease, excellently in 
cases of syncope, but does not appear to be useful for 

predicting outcome in patients with acute heart failure. 
Jones 

J Paramed Pract 2022 
Prehospital stratifi-
cation of chest pain 

Bradford, Eng-
land 

HEART path-
way (review) 

The use of HEART scores or hs-cTn prehospital by para-
medics has the potential to improve patient outcomes. 

Pavlovsky 
Prehosp Dis Med 

2022 

Prehospital risk 
stratification of 

non-ST-segment el-
evation myocardial 

infarction 

Paris Region, 
Frances 

hs-cTnI [3.2 to 
50,000 and de-

tection 
limit 1.1 to 1.9 
ng/L] (i-Stat 1), 

ECG 

POC cTnI with ECG allow risk stratification of NSTEMI 
patients and an optimal referral 

pathway. Low risk patients should be referred to the ED 
while high or very high risk, to the  

CCU or PCI center. Positive cTnI was associated with 
high- or very high-risk stratification regardless of the 

time to onset of pain (P <.0001). 

Cooper 
J Am Coll Cardiol 

2021 

AMI triage and rule 
out in the prehospi-

tal setting 

Aberdeen, Scot-
land (secondary 
analysis of pro-
spective cohort) 

hs-cTnI (re-
mainder sam-
ple, not POC), 

ECG 

The FN rate of a hs-cTnI value below the LOD and an 
optimized rule-out threshold missed up to 1 in 40 and 1 
in 10 patients with AMI or cardiac death, respectively. 

Limiting this approach to later presenters or those with-
out known IHD may improve performance. 

Cooper 
J Am Coll Cardiol 

2021 

AMI rule out using 
the HEART score 

Aberdeen, Scot-
land 

ECG, cTnI 
(Samsung 
LABGEO) 

Paramedics use the HEART score to discriminate risk. 
Even in combination with out-of-hospital POC cTnI test-
ing, the HEART score does not safely rule out major ad-

verse cardiac events. 

Koper 
Neth Heart J 

2021 

Emergency depart-
ment, HEART score 

Venlo, Nether-
lands 

Fingerstick ca-
pillary hs-cTnI 

The sensitivity and negative predictive value of the 
HEART score were 97.0% and 97.6%, respectively, en-
couraging prospective study of fingerstick POC hs-cTn 

in a pre-hospital setting. 

Lee 
Biosensors 

2021 

Electrochemical 
sensor study 

Critical Care and 
Universities, Tai-

wan 
cTnI 

Biosensor results correlated with standard clinical labor-
atory cTnI, suggesting it can deliver fast and accurate 
cTnI in prehospital settings for rapid Dx and patient 

management. 

Martin-Rodriquez 
Eur J Clin Invest 

2021 

Prognostic accuracy 
of 

prehospital POC 
cTnT 

Multicentric am-
bulance-based 
study, Spain 

Cardiac tro-
ponin T (cTnT) 

Determination of cTnT on the ambulance can help to 
stratify the risk of patients and to detect unknown early 
clinical deterioration. In the high-risk group (cTnI >100 
ng/L), the mortality rate was 61.7%, and in the low-risk 

group (<40 ng/L), 2.3%. 
Stopyra 

PloS ONE 
2020 

Prehospital stratifi-
cation of chest pain 

North Carolina, 
USA 

HEART path-
way and cTn (i-

Stat) 

>150 paramedics were trained to use POC cTn and to
calculate a HEART score. Structured prehospital risk as-
sessment with POC cTn facilitates early identification of 
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without evidence of 
STEMI on ECG 

high-risk patients who benefit from rapid Rx and triage 
to tertiary care facilities with interventional cardiac cath-

eterization capability. 

Stopyra 
Prehosp Emer Care 

2020 

Paramedic POC 
testing when trans-

porting patients  

[ECG ST-eleva-
tion patients ex-

cluded] 

Cardiac tro-
ponin I (i-Stat) 

The specificity and PPV of the POC cTn were 99.2% and 
85.7%; sensitivity and NPV, 26.5% and 87.5%. Prehospi-

tal cTn can rule-in AMI but should not be used to ex-
clude AMI because of low sensitivity. 

Alghamdi 
Prehosp Dis Med 
2020 Emer Med J 

2018 

Prehospital rule out 
of AMI (vs. rule in) 

Manchester, Eng-
land 

Cardiac tro-
ponin (review 

paper) 

Current evidence does not support the use of POC tro-
ponin to exclude AMI due to issues with diagnostic ac-

curacy and insufficient high-quality evidence. 

Harjola 
ESC Heart Failure 

2020 

Multicenter survey 
of prehospital pro-

tocols for AHF 

Belgium, Fin-
land, France, 
Spain, USA, 
Switzerland 

cTn, BNP, 12-
lead ECG, UTZ  

UTZ and POCT were available in advanced life support 
and helicopter EMS units in <25% of EMS regions. Proto-
cols for ST-elevation AMI, chest pain, and dyspnea were 
present in 95.2, 80.8, and 76.0% of EMS regions, respec-

tively. 

Johannessen 
Open Heart 

2020 

Prehospital primary 
care emergency 

clinic 

Oslo, Norway 
(low prevalence) 

hs-cTnT in 1 
hour algorithm 

hs-cTnT seems safe, efficient, and applicable for acceler-
ated assessment of patients with non- specific chest pain. 
Sensitivity was 98.4%; NPV, 99.9%; and 90-day rule out 

morality; 0.3%. 

Kaier 
J Am Heart Assoc 

2019 

Blood samples from 
ambulance para-

medics 

England, Den-
mark, and Ger-

many 

Cardiac myo-
sin-binding pro-

tein C 

Very early after symptom onset, cardiac myosin-binding 
protein C improves diagnostic discrimination and could 

significantly improve the early triage of patients with 
suspected AMI. 

Alghamdi 
Emerg Med J 

2018 

Prehospital rule out 
of ACS 

Manchester, 
United Kingdom 

cTn (a review of 
9 papers) 

Based on the currently available evidence,  
POC troponin assays are insufficiently sensitive to rule 

out ACS in the prehospital environment. 

Kost 
Point of Care 

2018 

Designing spatial 
care paths for AMI Central Vietnam

Cardiac bi-
omarkers 

Early upstream POC cTn testing on spatial care paths 
will expedite transfers directly to hospitals capable of in-

tervening, improving decision making and outcomes 
following coronary occlusion. 

Rasmussen 
EHJACC 

2017 

Prehospital Dx and 
risk stratification 

Aarhus, Den-
mark cTnT 

Patients presenting cTn T ≥50 ng/L had 24% 1-year mor-
tality compared with 4.8% for cTnT <50 ng/L (p<0.001). 

Prehospital cTnT ≥50 ng/L has a poor prognosis irre-
spective of final diagnosis and high predictive value for 
identifying high-risk prehospital so that they may be re-
routed directly for advanced care at an invasive center. 

Stengaard 
Biomarkers 

2016 

Optimizing pre-
hospital triage 

Aarhus, Den-
mark 

hs-cTnT, 
copeptin in pre-

hospital sam-
ples 

hs-cTnT and copeptin performed prehospital could po-
tentially improve the diagnostic and prognostic classifi-

cation of patients with suspected AMI (not POC). 

Ezekowitz 
J Am Heart Assoc 

2015 

Prehospital cTn 
testing in ambu-

lances 
Alberta, Canada cTn 

Ambulance cTn accelerated the time to final disposition. 
Enhanced and more cost-effective early ED discharge of 

most patients with chest pain is an unrealized oppor-
tunity. 

Tideman 
Med J Aust 

2014 

Royal Air Service 
fixed wing air am-

bulance 
Rural Australia POC cTn 

Cardiologist-supported remote risk stratification, man-
agement, and facilitated access to tertiary hospital-based 

early invasive management are associated with im-
proved 30-day mortality for patients who initially pre-

sent to rural hospitals and are diagnosed with AMI. 
These interventions closed the gap in mortality between 

rural and metropolitan patients in South Australia. 
Stengaard 

Am J Cardiol 
2013 

Prehospital triage 
Aarhus, Central 

Denmark 
Quantitative 

cTnT 

Quantitative prehospital cTnT testing by paramedics is 
feasible and an elevated cTnT is highly predictive of 

mortality in suspected AMI. 
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Venturini 
Prehosp Emer Care 

2013 

Testing in moving 
ambulances versus 

the ED 

Maywood, Illi-
nois, USA 

cTnI testing site 
comparison 

study 

No significant difference in whole-blood troponin re-
sults was found between cTnI performed in the moving 

ambulance and the ED. 

Prosen 
Crit Care 

2011 

Differential Dx in 
prehospital emer-

gencies 

Maribor, Slove-
nia 

NT-proBNP, 
UTZ 

UTZ comet-tail sign alone or in combination with NT-
proBNP has high diagnostic accuracy in differentiating 

acute HF-related from  
COPD/asthma-related causes of acute dyspnea. 

Sorensen 
Am J Cardiol 

2011 

Prehospital Dx and 
triage of AMI 

Aarhus, Den-
mark 

Qualitative 
cTnT, ECG 

Prehospital cTnT testing is feasible with a high success 
rate and indicates that implementation of quantitative 

tests with lower detection limits could identify most pa-
tients with AMI  

irrespective of ECG changes. 

Kost 
Point of Care 

2010 

Implementation of 
POC cTn testing in 

rural provinces 
Thailand 

cTnT, NT-pro-
BNP 

Following defining pilot studies of need and application, 
cobas 232 handheld cardiac biomarker testing was im-

plemented in hundreds of sites transforming the care of 
patients with AMI. 

Di Serio 
Clin Chem Lab Med 

2006 

Ambulance tele-car-
diology for manag-

ing AMI 
Bari, Italy 

cTnI (i-Stat), 
ECG (no pa-

tients with ST-
segment eleva-

tion) 

For POCT, cTnI was >0.09 microg/L in 20 AMI patients 
(91%). The median ambulance TAT was 12 min and me-

dian hospital TAT, 40 min. cTnI integrated with tele-
medicine plays an important role in management of 
ACS patients related to the pre-hospital phase early 

Dx/Rx. 
Owens 

J Electro-cardiol 2004 
Physician-manned 

mobile CCU 
Belfast, Northern 

Ireland 
80-lead ECG

body map
The 80-lead BSM is superior to the standard 12-lead 

ECG in predicting AMI prehospital. 

Schuchert 
Am Heart J 

1999 

Ambulance cTnT-6-
mo follow-up of 
AMI and death 

Hamburg, Ger-
many 

Qualitative 
cTnT 

Rapid cTnT identified a minority of patients with AMI. 
Positive prehospital TnT was an objective marker for a 

worse outcome. During follow-up, patients positive pre-
hospital for cTnT had cardiac events more often (9 of 11) 
than patients with a negative result (26 of 147; P <.0001). 

• Electrolytes, Blood Gases, Ca++, and pH

Collopy 
Air Med J 

2022 

POCT during 
ground & helicop-

ter transport 

Wilmington, 
North Carolina, 

USA 

pO2, pCO2, pH, 
Na+, K+, Ca++, 

Glu, Cr, Lactate, 
Hct, [epoc] 

Care plan alterations occurred in 38.6% of patients un-
dergoing POCT, which most frequently changed care for 

post-cardiac arrest syndrome (64.7%), sepsis/septic 
shock (61.8%), diabetic ketoacidosis (54.5%), and pneu-

monia (49.3%). 

Morton 
Air Med J 

2022 

Prehospital helicop-
ter emergency ser-

vices 
England 

Arterial BG, 
lines (review) 

Prehospital guidelines state that monitoring should 
match in-hospital standards. Clinicians 
believed arterial BG would allow better  

monitoring and more targeted treatment. 

Murali 
Clin Chem Lab Med 

2022 

Supporting envi-
ronment-al stability 
during air transport 

Pittsburgh, Penn-
sylvania, USA BG 

Temperature excursions are reduced by insulated 
transport bags with heating and cooling packs. POC 

blood gas results during air transport improved ventila-
tor management, increased recognition of ventilation-

perfusion mismatch, and improved patient tolerance of 
ventilation. 

Cini 
Recenti Prog Med 

2021 

Home evaluation of 
COVID-19 patients 

Toscana Sud Est., 
Italy 

Potable blood 
gas analyzer 

POCT blood gas analysis made it possible to evaluate 
and treat at home 52% of COVID-19 patients and admit 

others directly to the most appropriate ward. 

Gruebl 
SJTREM 

2021 

Prehospital Dx and 
Rx for out-of-hospi-

tal cardiac arrest  

Essen, Nether-
lands 

pO2, pCO2, pH, 
Na+, K+, Ca++, 

glucose, lactate, 
Hct, Cr [epoc] 

Prehospital POCT allows rapid detection of pathological 
acid-base imbalances and potassium and specific inter-

ventions that improve the probability of survival. 21% of 
patients survived to hospital discharge (with POCT, 

30%, versus no POCT, 16%, p = 0.01). 
Nawrocki 

Front Physiol 
2021 

High altitude hos-
pital (760 m) and 
clinic (3,100 m) 

Zurich, Switzer-
land 

Portable blood 
gas analyzer 

(epoc) 

Because of portability and ease of handling, portable 
blood gas analyzers are valuable diagnostic tools for use 

in everyday  
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practice as well as under challenging field conditions at 
high altitudes. 

McPherson 
J Paramed Pract 2019 

Prehospital patient 
disposition 

So. Central Am-
bulance, England 

VBG, urea, lac-
tate, Hct, Hgb, 

electrolytes 

POCT improved clinician confidence in decision making 
and patient disposition validated by better discharge on 
scene and recontact rates. POCT knowledge increased. 

Shin 
Crit Care 

2017 

Out of hospital car-
diac arrest with ER 

Rx 

Seoul and multi-
center sites, 
South Korea 

pH, K+, and 
other ER POC 

tests 

pH and K+ levels were independent factors associated 
with survival to hospital discharge, and pH level was an 

independent factor related to neurological recovery. 

Mikkelsen 
SJTREM 

2015 

Prehospital blood 
gas, pH, and metab-

olite analysis in a 
mobile emergency 

care unit 

Odense, Den-
mark 

WBA (Radiom-
eter ABL-90) 

Only minute changes were needed to use the ABL-90, 
which helped direct Rx of COPD; release of patients 

with suspected CO poisoning; speed Dx, blood cultures, 
and antibiotic Rx of septic shock and septicemia; obviate 
cyanide toxicity/ anaerobic metabolism from fire expo-
sure through determining lactate levels; and adjust res-

piratory parameters for intubated patients with elevated 
intracranial pressure, for which BG pCO2 fine tuning ex-

celled management using end-tidal CO2. 

Di Serio 
Clin Chem Lab Med 

2010 

Performing SWOT 
analysis for air am-

bulances 
Bari, Italy 

Arterial BG, 
glucose, Na+, K+, 
Ca++, Hct/ Hgb 

Clinical study results suggest that critical tests per-
formed during the transport of critically ill patients im-
prove patient care. Real-time results during transport 
must be considered an integral part of the patient care 

process. Excellent channels of communication are 
needed between the ICUs, EMS, and laboratories. 

Jousi 
World J Emer Surg 

2010 

Trauma resuscita-
tion with POCT at 

accident site 
Helsinki, Finland BG 

A portable BG analyzer was useful in prehospital moni-
toring for trauma resuscitation and led to significantly 

greater awareness of base excess and pH values.  

Vos 
World J Emerg Surg 

2010 

POCT during inter-
hospital transport 

of critically ill pedi-
atric patients 

Maastricht, Neth-
erlands 

BG, K+, Hct, 
others 

POCT led to 42.9% of therapeutic interventions for life 
threatening results that could not have been discovered 
otherwise. We recommend POC BG, electrolytes, glu-

cose, and hematocrit during interhospital transports, es-
pecially for mechanical ventilator adjustment. 

Gruszecki 
Clin Chem 

2003 

Critical care 
transport in ambu-
lances and twin-en-

gine jets 

Birmingham Ala-
bama, USA 

pO2, pCO2, pH, 
TCO2, O2 Sat, 
Na+, K+, Cl-, 

urea, Cr, Hct, 
glucose 

Our experience shows that POCT can be performed with 
high reliability and provides rapid critical analyte and 
blood gas results where no other laboratory analysis is 
available. POCT in the transport setting is infrequent 

and is relatively inexpensive. Use of POCT led to 
changes in patient treatment 30% of the times when test-

ing was performed. 

Backer 
S Ann Emerg Med 

1999 

Back-country evalu-
ation of heat symp-

toms 

Grand Canyon 
National Park, 

USA 
Na+ (i-Stat) 

POC Na+ reliably identified exercise-associated hypo-
natremia, an important cause of heat illness during en-

durance exercise. The results helped make Rx and dispo-
sition decisions. 

Herr 
Am J Clin Path 

1995 

Performing pre-
hospital Dx and Rx 

on helicopters 

Rochester, Min-
nesota, USA 

Na+, K+, Hct, 
Hgb (i-Stat) 

Fifteen (18.5%) patients were treated with transfusions, 
glucose, or insulin based on results obtained during heli-

copter flight. 
• Glucose and Lactate

Fuzery 

Personal communi-
cation 
2022 

Ambulance prepar-
edness and proto-

cols 

Alberta Health 
Services, Canada Glucose 

All ground ambulances operated by AHS have glucose 
meters, which can be operated by paramedics trained in 
basic life support only. Paramedics follow written proto-
cols if they suspect hyper/hypoglycemia. The protocols 

provide direction on when to do a glucose meter test 
and how to act on the result. 

Hill 
Air Med J 

2020 

Air ambulances in 
Midwest America 

Colorado & 
Ohio, USA 

[non-diabetic pa-
tients] 

Glucose 

POC glucose greater than 220 mg/dL should prompt 
prehospital aggressive balanced resuscitation before ar-
rival at the trauma center to prevent worsening hypo-

tension and hemorrhagic shock. 
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Remick 
Prehosp Emer Care 

2017 

Assessing prehospi-
tal seizures in pedi-

atric patients 

Harbor-UCLA 
Hospital, Califor-

nia, USA 
Glucose 

Findings suggest the importance assessing  
prehospital seizure protocols, which should be studied 
to identify unique cases where glucose testing might be 
useful in view of the rarity of prehospital seizures in pe-

diatric patients. 

Lerner 
Am J Emerg Med 

2003 

Paramedic decision 
making in the field 

Buffalo, New 
York, USA 

Glucose 

Paramedics successfully treated, without complication, 
most of the patients with uncomplicated hypoglycemic 

events. Patients preferred discharge without transport to 
an ED. 

Novak 
J Paramed Pract 

2022 

Rapid response ve-
hicle with POCT Oxford, England

Lactate, pH, 
TCO2, Ca++, Cr, 
others (i-Stat) 

POCT by ambulance services is feasible and when com-
bined with telephone advice and decision support from 
physicians, may be effective in reducing hospital admis-
sions for frail patients in supportive care environments. 

Galvagno 
Shock 
2020 

Helicopter pre-
hospital Dx and in-

tervention 

Baltimore, Mary-
land, USA Lactate (i-Stat) 

Lactate outperformed vital signs, including shock index, 
for detecting shock and predicting the need for LSIs. A 

lactate level > 4 mmol/L was highly associated with need 
for LSIs. 

Martin-Rodriquez 
Eur J Clin Invest 

2020 

Prehospital POCT 
on ambulances Valladolid, Spain Lactate 

4 mmol/L was the cut-off for low versus high mortality, 
highlighting the importance of lactate to determine risk 

of early in-hospital mortality. EMS lactate could im-
prove identification of risky patients and better care. 

Martin-Rodriquez 
Am J Emer Med 2018 

Prehospital predic-
tion of early (< 30 d) 

mortality  

University of 
Valladolid, Spain Lactate 

POC lactate with the best sensitivity (84%) and specific-
ity (70%) overall was 4.25 mmol/L. The level can guide 

us early in the detection of critical patients. 
• Hemoglobin A1c

Shephard 
Clin Biochem 

2017 

National Indige-
nous POCT pro-

gram for diabetes 
Rural Australia HbA1c and

quality control 

HbA1c POCT in the Aboriginal and Torres Strait Is-
lander Medical Services program has remained analyti-
cally sound, matched the quality achieved by Australa-
sian laboratories, and met profession-derived analytical 

goals for 15years. 

Motta 
Primary Care Diabe-

tes 
2017 

Primary care deliv-
ery 

South Africa HbA1c 

POCT changed clinical practice by facilitating access to 
HbA1c testing. Patients achieving optimal glycemic con-
trol (HbA1c ≤ 6.5-7.5%) increased by 125%, while those 

with very poor control (HbA1c > 10%) halved. Mean 
HbA1c at the first POC test decreased from 9.7% ± 2.4 to 

8.4% ± 2.4 for the most recent (paired t-test p<0.01). 

Kost 
Point of Care 
2017 & 2011 

Rotating POCT in 
several rural vil-
lages, drones for 

specimen transport 

Limited-resource 
provinces in Isan 

and northwest 
Thailand 

HbA1c 

Rapid on-site HbA1c testing efficiently identified those 
poorly controlled. Elevated HbA1c changed primary 

care strategy, pulling together a rotating team of physi-
cians, nurses, and a pharmacist who adjust therapy and 
check for albuminuria to prevent advancing disease, di-

alysis, and adverse outcomes. 

Spaeth 
Rural Remote Health 

2014 

POC HbA1c screen-
ing and monitoring 

Indigenous pop-
ulations in re-
mote Australia 

HbA1c 

We demonstrated POCT can improve timeliness and 
clinical follow-up in remote locations, while also rein-

forcing clinical and cultural effectiveness in assisting to 
improve diabetes management in Indigenous Australi-

ans. 
Martin 

Med J Aust 
2005 

Shephard 
Rural Remote Health 

2005 

Managing diabetes 
along the rural Mal-
lee Track — top 10 

health problems 

Building Health 
Communities, 
Victoria State, 

Australia 

HbA1c 

POC capillary HbA1c testing offers an accurate, practi-
cal, and community-friendly way of monitoring diabetes 
in rural and remote clinical settings. All community and 

health professional groups surveyed agreed that the 
POC model should be available to all rural people. 

• Hemostasis and D-dimer
Schober 

Am J Emer Med 
Helicopter feasibil-
ity decision making 

Amsterdam, 
Netherlands 

PT and INR (i-
Stat) 

Coagulopathy in trauma (e.g., coagulation factor con-
sumption) and non-trauma cases (e.g.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 October 2022                   doi:10.20944/preprints202210.0446.v1

https://doi.org/10.20944/preprints202210.0446.v1


8 of 33 

2021 anticoagulant) demand PT/INR results which were 
proven feasible in helicopter EMS. 

Beynon 
SJTREM 

2015 

Prehospital hemo-
stasis monitoring 

Heidelberg, Ger-
many PT, INR 

Assessment of INR in prehospital emergency care pro-
vides valuable information on hemostatic parameters in 

patients. 

Rumpf 
Crit Care 2006 

Dx of PE in pre-
hospital emergency 

setting  

Maribor, Slove-
nia 

D-dimer,
PetCO2

For PE confirmation, PetCO2 had sensitivity 92.6%, NPV 
94.2%, specificity 83%, and PPV 79.2%. Combined clini-
cal probability and PetCO2 may safely rule out PE in pa-
tients with suspected PE and positive D-dimer prehospi-

tal. 
• Ultrasound Imaging

Christenson 
SJTREM 

2022 

Home COPD POC 
intervention 

Odense, Den-
mark 

Ultrasound and 
blood analysis 

Emergency medical technicians must show experience 
and safety in handling shortness  

of breath as well as POC diagnostics. 

Ienghong 
Prehosp Dis Med 

2022 

Prehospital 
EMS for Srina-

garind Hospital 

Khon Kaen, Thai-
land 

Handheld POC 
ultrasound 

Performed on the lung (37.0%), inferior vena cava 
(30.8%), and cardiac cases (26.4%); 34.9% abnormal and 
66 cases (39.1%) with diagnoses confirmed and an accu-

racy peak of 75.8%. 

Dubecq 
J Trauma Acute Care 

Surg 
2021 

Triage,  
diagnosis, severity, 

Rx,  
and priority for sur-

gery 

French military 
austere combat 

settings 

Ultrasound-Af-
rica, the Middle 

East 

Ultrasound is valuable for management of mass casual-
ties by improving treatment and triage, especially when 

surgical resources are  
limited and can also correct a diagnosis or improve pre-

hospital therapeutic choices. 

Nadim 
BMC Health Serv 

Res 
2021 

Timely release of 
patients at the scene 

Odense, Den-
mark 

Ultrasound and 
blood analysis 

Prehospital emergency medical technicians can perform 
UTZ and blood analysis in prehospital evaluation of pa-
tients with COPD. None released requested a secondary 
ambulance within the first 48 hours following interven-

tion. 

Schoeneck 
West J Emer Med 

2021 

Prehospital Dx of 
CHF, pulmonary 

edema 

New Haven, 
Connecticut, 

USA 

Portable tho-
racic ultrasound 

Prehospital lung ultrasound B-lines may aid in identify-
ing or excluding CHF as a cause of dyspnea and has rea-
sonably sensitive and specific for the diagnosis of CHF 

and pulmonary edema. 

Sabatino 
J Ultrasound 

2020 

Primary imaging 
modality 

Sierra Leone, Af-
rica POC ultrasound 

POC UTZ represents a powerful diagnostic tool in a 
low-income country to improve patient management. 

Training of non-physician health providers is doable to 
improve healthcare in resource-limited settings. 

Bobbia 
Anaesth Crit Care 

Pain Med 
2018 

Dx in EDs and mo-
bile intensive care 

stations 
Nimes, France Ultrasound 

Almost 75% of EDs and nearly 1/3 of mobile intensive 
care stations are equipped with at least one UTZ device. 
Physicians trained remains insufficient. UTZ was used 
at least three times a day in 41% of EDs and 19% of mo-

bile stations. 
Chin 

J Emer Med 
2013 

Field Dx using UTZ Houston, Texas,
USA Ultrasound 

UTZ field diagnoses of pneumothorax, pericardial effu-
sion, or cardiac standstill may directly impact patient re-

suscitation in the field. 
• Toxicology

Advance Health 
Medical Coopera-

tive 
2022 

Mobile van testing 
and medical exami-

nation 

Cebu City, Visa-
yas, Philippines 

Drug and chem-
istry tests 

Provides mobile diagnostic clinic and testing services in 
the community for Cebu City and surrounding regions. 

Soderqvist 
Point of Care 

2018 

Prehospital drug 
testing for mobile 

ICU patients 

Tampere, Fin-
land 

Drugs of abuse 

Oral fluid screening for illicit substances can be a valua-
ble diagnostic tool in addition to the usual diagnostic 

methods in EMS patients with unconsciousness due to 
an unknown cause or intoxication. 

Part 3. Clinical Problems 
• Infectious Diseases [See Part 1 for COVID-19 strategies]
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Beeman 
Afr J Emer Med 

2022 

Patients seeking 
emergent injury 

care 
Kingali, Rwanda HIV 

Emergency centers are important access points for HIV 
testing. In Rwanda, 1 in 8 with HIV are unaware of their 
infection, which impedes epidemic control. This could 

be addressed by increased testing. 

Zadran 
Diagnostics 

2022 

Lifeline of diagnos-
tic entry points 

Central Vietnam POCT for infec-
tious diseases 

Infectious disease testing should be improved and POC 
tests supplied near patients’ homes and in primary care 
settings for the early detection of infected individuals 

and the mitigation of the spread of new COVID-19 vari-
ants and other highly infectious diseases, such as Mon-

keypox. 
WHO 

Guidelines on HIV 
Testing 

July 2021 

Decentralized, 
stand-alone, and 

self-testing 
General HIV 

Community-based rapid HIV testing in both high- and 
low-prevalence settings closer to people’s homes and 

self-testing can reduce transport costs and waiting times 
in central hospitals and thereby increase uptake. 

Vallely 
Welcome Open Re-

search 
2019 

POCT for sexually 
transmitted infec-
tions and immedi-

ate Rx 

Rural health 
units in limited-

resource 
Papua New 

Guinea 

Antenatal 
POCT for STD  

First randomized trial to evaluate the effectiveness, cost-
effectiveness, acceptability, and health system require-
ments of POC STD testing and treatment to improve 
birth outcomes in high-burden settings by decreasing 

preterm and low weight births. 
West K 

J Emer Med Serv 
2007, 2004 

Protecting pre-
hospital providers 

General HIV Recommendations for protection of prehospital provid-
ers and post-exposure testing. 

• Sepsis

Metelmann 
Anesthetist 

2018 

Prehospital, emer-
gency staff survey 
about high sepsis 

mortality 

Greifswald, Ger-
many 

qSOFA (quick 
sequential or-
gan failure as-

sessment) 

The majority selected “increased body temperature”, 
“drop in blood pressure” and “altered breathing;” emer-
gency doctors selected “altered mental status” more fre-
quently than nurses and paramedics. All rated early fast 

sepsis treatment as important. 
• Stroke

Ebinger 
JAMA 
2021 

Mobile stroke unit, 
on-board thrombo-

lysis 
Berlin, Germany 

Mobile CT scan-
ner and POCT 

Dispatch of mobile stroke units, compared with conven-
tional ambulances alone, was associated with lower 

global disability at three months. 

Wendt 
Stroke 
2015 

Prehospital triage
of stroke patients Berlin, Germany 

CT scanner with 
POCT labora-
tory on board 

Triage of patients with cerebrovascular events to special-
ized hospitals with stroke units and capabilities for is-
chemic stroke and neurosurgery can be improved by 

stroke emergency mobile ambulances with POCT. 

Ebinger 
JAMA 
2014 

Starting thrombo-
lysis in an ambu-

lance 

STEMO Consor-
tium, Berlin, Ger-

many 

CT scanner with 
POCT labora-
tory on board 

Compared with usual care, ambulance-based CT scan-
ner and POCT for Dx of ischemic stroke initiated throm-
bolysis decreasing time to Rx without an increase in ad-

verse events. 

Walter 
Lancet Neurol 

2012 

Mobile stroke unit 
to accelerate Dx/Rx 

Homburg, Ger-
many 

CT scanner, 
POCT, and 

telemedicine 

Only 2-5% of patients receive thrombolytic treatment 
due to delay reaching hospitals. The mobile unit sub-
stantially reduced median time from rescue call to Rx 
decision, solving the problem of the arrival too late at 

the ED. 
Part 4. Healthcare Access 
• Community Paramedics

Paramedics’ new 
roles 

Examples 

Paramedicine-aug-
mented health de-

livery 
Community sites 

POCT is inte-
gral to the com-

munity para-
medic programs 

Paramedicine programs improve access to non-emer-
gent health care in rural and remote communities by al-
lowing paramedics and EM technicians to operate in ex-
panded roles assisting with public health, primary care, 

and preventive services to underserved populations. 
Community paramedics can provide and connect pa-
tients to primary care services; complete post-hospital 
follow-up care; integrate local public health agencies, 

home health agencies, and health systems; educate and 
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promote wellness; and offer services not available else-
where. POCT is a successful and valuable part of these 

paramedicine programs. 
• Hospital at Home

Hospital at Home 
concept 

Examples 

Continuum care in 
residences 

Home settings POCT during
in-person visits 

Hospital-level care in the comfort of the patient’s home 
when registered with a hospital. Caregivers visit daily 

supplemented by virtual visits. POCT is used during in-
person visits. Blood for hospital laboratory testing may 
be dropped off at the laboratory by the caregiver after 

their in-person visit. 
• Unmanned Aerial Systems (Drones)

Investigator 

Application Re-
ports 

2015-2022 
and 
Kost 

Point of Care 
2017 

POC delivery op-
tions Remote settings 

Test kits, nu-
cleic acid diag-
nostics, speci-
mens, blood 

products 

Transporting specimens via small drones does not affect 
the accuracy of routine chemistry, hematology, and co-
agulation tests results. Drone-based medical delivery 
models offer an innovative approach to addressing 

longstanding issues of health care access and equity and 
are particularly relevant to COVID-19. Additionally, the 
use of an AED-equipped drone has the potential to re-
duce time to defibrillation in out-of-hospital cardiac ar-

rest. 
Abbreviations: AbT, antibody test; ACS, acute coronary syndrome; AED, automated external defibrillator; AHF, acute heart failure; 
AHS, Alberta Health Services; AMI, acute myocardial infarction; APLM, Archives of Pathology and Laboratory Medicine; BG, blood gases 
(pO2, pCO2, pH); BNP, blood natriuretic peptide (or NT-proBNP); Ca++, ionized calcium, typically measured in whole blood; CCU, 
cardiac (coronary) care unit; CHF, congestive heart failure; CO, carbon monoxide; COPD, chronic obstructive pulmonary disease; 
COVID-19, Coronavirus infectious disease 2019; Cr, creatinine; CT, computerized tomography; cTn, cardiac troponin I (cTnI) or T 
(cTnT); Dx, diagnosis; EHJACC, European Heart Journal - Acute Cardiovascular Care; ED, emergency department; EMS, emergency 
medical services; ER, emergency room; FN, false negative; HC, healthcare; Hct, hematocrit; HEART, protocol comprising history, 
electrocardiogram, age, risk factors, and troponin; HF, heart failure; Hgb, hemoglobin; hs-cTn, high sensitivity cTn; ICU, intensive 
care unit; IHD, ischemic heart disease; INR, International Normalized Ratio; JAMA, Journal of the American Medical Association; JCH, 
Journal of Cambodian Health; JIFCCLM, Journal of the International Federation of Clinical Chemistry and Laboratory Medicine; LSI, life-saving 
interventions; NPV, negative predictive value; NSTEMI, non-ST-segment elevation myocardial infarction; ODH, Omnia Digital 
Health; PCI, percutaneous coronary intervention; PE, pulmonary embolism; PetCO2, probability and end-tidal CO2; POC, point-of-
care; POCT, POC testing; PPV, positive predictive value; PT, prothrombin time; qSOFA, quick sequential (sepsis-related) organ fail-
ure assessment; RAgT, rapid antigen test; RT-PCR, reverse transcriptase-polymerase chain reaction; Rx, treatment; SJTREM, Scandian 
Journal of Rescue, Trauma, and Emergency Medicine; STEMO, stroke emergency mobile (unit); STI, sexually transmitted infections; 
SWOT, strengths, weaknesses, opportunities, and threats; SWN, small-world network; TAT, turnaround time; TCO2, total carbon 
dioxide; VBG, venous blood gasses; WHO, World Health Organization; and WBA, whole-blood analyzer. 

The Philippines lies in the “typhon alley” of the Pacific. In December 2021, the Visa-
yas Islands, a group of seven large and hundreds of smaller islands situated among the 
Visayan, Samar, and Camotes Seas, were hit by the devastating Super Typhoon, Odette 
(Rai). [139] Odette caused a major disaster, loss of 410 lives, and over $1 billion USD in 
damage. 

Every centimeter increase in ocean levels (from global warming) magnifies typhoon 
surges, flooding, and inundation [138]. Storm surges can cause more damage and loss of 
life than the high velocity winds encountered in a typhoon. Storm severity is increasing 
exponentially, and poor planning can adversely impact rescue, critical care, and medical 
outcomes [138]. Please see the personal encounter with a super typhoon, a narrative by 
coauthor, L.C. 

Personal Account of Super Typhoon Yolanda by Co-author [L.C.] 
I lived most of my childhood on Bantayan Island. I was 15 years old when Super 

Typhoon Yolanda (Haiyan) made landfall on November 8, 2013, and the eye of the ty-
phoon swallowed my island. This Category 5 typhoon had maximum sustained winds 
of 268 kph with gusts up to 324 kph. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 October 2022                   doi:10.20944/preprints202210.0446.v1

https://doi.org/10.20944/preprints202210.0446.v1


11 of 33 

Storm surges wiped out coastal areas where I lived. Winds and floods damaged 
utilities, infrastructure, transportation, and livelihoods. Fortunately, we evacuated be-
fore my family home was destroyed. My family survived. Severe road damage delayed 
disaster response and rescue. 

We were ill prepared for this level of crisis. Power failed. Few had generators. Pub-
lic knowledge of severe typhoons was lacking. People fought over relief goods and re-
sources. Local Government Units became aware of the importance of disaster prepared-
ness, coastal vulnerability, and adverse outcomes. 

Lessons learned from Super Typhoon Yolanda allowed Bantayan Island to prepare 
urgently and avoid more crises. Then, Super Typhoon Odette (Rai) devastated Cebu 
Province in December 2021. Weather disasters occur more frequently now. We must cre-
atively use new technologies to prepare for global warming and the perilous impact of 
typhoons.  

Archipelagos will be increasingly vulnerable and perpetually at risk forcing popula-
tions to move from coastal areas and concentrate at higher density on the larger islands. 
We selected the Bantayan Archipelago, located in Cebu Province, Visayas, for detailed 
consideration of how to use POCT strategies to meet important current needs and im-
prove resilience, while also preparing for an unpredictable future. 

2. Materials and Methods
2.1. Definitions and Conventions

As originally defined and later codified in print by a clinician-laboratorian team 
[140], point-of-care testing (POCT) is medical testing at or near the site of patient care. A 
diagnostic portal is the entry point where the patient self-tests or first seeks, obtains, or is 
administered diagnostic testing to rule in or rule out a medical condition and then as 
needed, expeditiously receives care from home to hospital [8]. 

A small-world network (SWN) represents the integrated system of emergency med-
ical services (EMS), rescue routes, healthcare sites, diagnostic resources, medical special-
ists, and telecommunications that, among other features, assure wellness for a community 
in the context of its local geography, topography, and culture [141]. 

The physical SWN [i.e., SWN(p)] can be transformed into a time domain network, 
SWN(t), that anticipates the dynamics of responses and rescues, whether under normal 
conditions, emergencies, or major crises, such as typhoons. 

We illustrate temporal transformations for the Bantayan Archipelago by plotting res-
cue time contours corresponding to ambulance transfers based on raw data collected from 
local experts and public health teams led by co-author S.T. directly overseeing the welfare 
of people in the archipelago. 

A spatial care path is the optimized route the patient takes through the healthcare 
SWN to definitive care facilitated by POC screening, testing, and monitoring, which 
merge prevention and intervention to enhance public health and standards of care [27-
30,49,87]. 

Spatial care paths can be adapted for unusual topologies like those found in island 
communities. They may include home self-testing, mobile testing, and drone conveyances 
of equipment and specimens. Understanding how to design and analyze spatial care paths 
allows one to optimize placements of POCT at the starting portal and along the way to 
treatment. 

2.2. Needs Assessment 
We performed needs assessment [142] during several visits to healthcare facilities in 

the Bantayan Archipelago and other locales on mainland Cebu. We adapted well-estab-
lished investigational methods for geospatial data collection conducted in other limited-
resource countries [49,58,106]. We focused on Coronavirus infectious disease (COVID-19) 
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testing, cardiac biomarkers, POCT, ambulance rescue, emergency medicine, critical care 
testing (e.g., blood gases, pH, electrolytes, and ionized calcium), clinical laboratories, and 
the organization of resources in the healthcare small-world network in anticipation of the 
adverse impact of global warming on vulnerable coastal areas and emergency services. 

We investigated the special topographical and temporal characteristics of medical 
delivery systems within and between islands in the archipelago. We asked interviewees 
about the value of POCT and determined actual capabilities versus future demands. We 
collected data either directly during visits or in follow-up through telephone calls, re-
spondent emails, and Zoom sessions with healthcare professionals in Cebu Province and 
Bantayan Archipelago. 

Please see the Supplement for the actual needs assessment questionnaire (in English) 
used to structure data gathered during discussions with hospital directors and adminis-
trators, clinical chiefs, physicians, nurses, EMS personnel inclusive of land ambulance and 
sea ambulance operators, and laboratory technologists, as well as clinicians and academic 
advisors. Respondents and interviewees (total of 108) were, with few exceptions, fluent in 
English. All major healthcare sites responded to the survey. The response rate was 100%. 
The Supplement also documents time analysis of Palawan Island (Figure S1). 

Briefly, topics in the questionnaire comprised a) facility overview and demographics, 
b) POCT, c) patient transport and critical care access, d) clinical laboratory, e) medical
problem solving in the community, and e) summary of field observations. We collected
global positioning system (GPS) coordinates to facilitate accurate mapping of healthcare
resources to a nautical map with background longitude and latitude grid [143].

From on-site interviews and follow-up, we collated demographic facts about each 
medical site or laboratory, such as the number of hospital beds, professional services, the 
status of critical care units, diagnostic test clusters, and the impact of patients diagnosed 
with COVID-19, acute myocardial infarction, and other critical medical conditions on 
emergency rooms and rescue services. 

We worked with local officials and engineering staff to detail transportation links 
between outlying islands, Bantayan Island, and referral centers in Cebu City. We mapped 
minimum and maximum ambulance transfer times on land and sea. Experts identified 
key locations of ports, helipads, and airports. Secondary web sources for travel times oc-
casionally were used to confirm transport time contours. 

2.3. Data Aggregation and Follow-up Details 
Needs assessment forms were left with medical and laboratory staff, EMS personnel, 

and administrators to complete after on-site visits and then scan and email to the research 
team headquarters at Cebu Technological University, Cebu City. Data were collated using 
spreadsheet software. Tables 2 and 3 below summarize details of the data we collected. 
Data also are illustrated visually in the figures (“visual logistics”) below. 

Team members initiated follow-up telephone, email, and Zoom contacts for clarifica-
tion. High impact sites, including the District Hospital in Bantayan Town, were contacted 
by phone several times to fill in diagnostic testing details. The POCT Center for Teaching 
and Research (POCT•CTR) in the United States reviewed results. 

2.4. Travel Time Contours in Small-World Networks 
Disaster Risk Reduction and Management Office (DRRMO) leadership stated that 

ambulances travelled on main roads to avoid hazards potentially encountered on small 
connectors and short-cuts. DRRMO staff documented the shortest and longest intervals 
needed to load a patient at the scene onto an ambulance, transfer the patient to the District 
Hospital in Bantayan Town, and unload the patient at the emergency room. 

Summed travel increments generated minimum and maximum time responses for 
the archipelago and its connections to Cebu City. Where areas of coverage were limited, 
distance and speed were used to fill in incremental times. DRRMO staff defined transport 
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times for outlying islets in the archipelago and included time needed for port embarka-
tion, sea ambulance transfer, port disembarkation, and land ambulance transfer. 

2.5. Geospatial Analysis and Temporal Contour Mapping 
We followed the techniques in Ferguson et al. [32] for geospatial analysis. We high-

lighted main ambulance routes on the nautical map of Bantayan Island and defined the 
primary EMS pathways. Next, we marked road points where rescue transit times were 
equivalent. Splines were fit to these points, then connected to form smooth temporal con-
tours. 

Transfer intervals were not linearly distributed across the highway geography be-
cause of ambulance passage through city zones, urban congestion, and topological fea-
tures of the islands that cause predictable and unpredictable delays. Transport durations 
depend on ocean winds, weather conditions, and tides, as well as on the standby position 
of the sea ambulance at a distant island (Lipayran). Therefore, they are not proportional 
to nautical distance. 

Maximum transfer times included allowance for unexpected but common delays, as 
expressed by ambulance drivers in the Bantayan DRRMO. We extended the process to 
outlying islands, where durations of minimum and maximum transfer times by sea am-
bulance were much longer than ground ambulance transfer on the main island and to 
Vicente Sotto Memorial Medical Center, a destination level three referral hospital and 
Heart Center in Cebu City. 

The DRRMO Chiefs in the three municipalities of Bantayan Archipelago completed 
a separate questionnaire about the worst- and best-case ambulance transport times to 
Bantayan District Hospital. The questionnaire listed all barangays and islets with specific 
ambulance rescue time intervals to be filled in. The Chiefs were interviewed on-call to 
double check ambulance speeds and transport times. We used OpenStreetMap and Goog-
leMaps to confirm distances and conversions of nautical miles to kilometers. 

The Chiefs indicated that ambulance speeds depended on urgency, patient welfare, 
and actual road traffic. Based on their completed questionnaire, the worst-case ambulance 
rescue speed was 40 km/hr, while the best-case speed was 60 km/hr, on average. Com-
pleted questionnaires lacked data for some Santa Fe barangays where basic ambulance 
rescue speeds were applied. 

The data were then illustrated with maps of Bantayan Archipelago that mark the 
road points in each barangay and port points on each islet with ambulance rescue times. 
The marked road and port points were interconnected with splines for equivalent time 
intervals. The splines covered the scope of the area for identical durations of rescue. Time 
intervals for each geographic contour then generated the temporal contours of ambulance 
rescue to the Bantayan District Hospital. 

Sea ambulances capable of saving lives respond to local emergencies when stationed 
at Lipayran Island 16 km from the Bantayan port. Sea ambulance transit from Lipayran 
Island to Bantayan Port requires 18 minutes with an open water net speed of 53.3 km/h. 
Distress calls from islets far from the Bantayan mainland (e.g., Botigues, Doong, Mam-
bacayao, Luyongbaybay, and Hilotongan Islands) require an additional 5-10 minutes. 
During rainy and windy days with ocean swells and other delays, island residents use 
their sandboats/pumpboats as alternative transportation. This generates the worst-case 
scenario with an added 30-45 minute delay. 

For mainland Cebu, the Chief of the DRRMO in Bogo City provided details for 
ground ambulance rescue and travel time. The average ambulance speed reached 
100km/hr with an additional 30-minute delay due to traffic and road conditions when 
passing through urban regions. The average of 100 km/hr plus a 30-minute delay for con-
gestion was used as the basis for constructing temporal contours showing rescue times 
from the far northern and southern regions of Cebu Island. 

A 15-minute delay was added to sites within and adjacent to Cebu City. We used 
OpenStreetMap and GoogleMaps for validation of distances. However, like the Bantayan 
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Archipelago, temporal contours were created primarily from raw data obtained from ex-
pert local DRRMO staff. 

2.6. Population and Respondent Demographics 
One coauthor [S.T.] and her public health team on Bantayan Island projected current 

demographics for the barangays and islets of the Bantayan Archipelago from the most 
recent Philippines census. Population projections are posted online [144]. We used these 
data to identify numbers of people living on Bantayan Island, surrounding islands, and 
small islets farther out in the archipelago. 

The categories and number of needs assessment respondents and interviewees com-
prised: Administrative Officer, 11; Administrative Head, 1; Bantayan Island Resident, 5; 
Chief/Head of DRRM/Rescue, 5; Company Chief Executive Officer, 1; Director/ Chief of 
Hospital, 4; DRRM/Rescue/EMS Officer 14; Emergency Medicine Department Head, 1; 
Engineer, 1; Ethics Head, 1; Head of Facility, 2; Head of Public Health, 1; Human Resource 
Officer, 1; Laboratory Assistant, 7; Land Ambulance Driver, 4 Lineman (assigned in 
Bantayan Islets), 1; Manager, 1; and Medical Laboratory Technologist, 16. 

Further: Midwife and Birthing Care Staff, 3; Municipal Environment and Natural Re-
sources Officer, 1; Municipal Health Officer, 5; Municipal Office Personnel, 1; Nurse, 3; 
Office Staff (CTU), 2; Operations Head, 1; Pathology Department Head, 1; POC Coordi-
nator, 1; Public Health Nurse, 1; Pumpboat/ Sandboat Operator, 4; Radiology Technolo-
gists, 1; Sea Ambulance Operator, 2; State University College President, 1; University Re-
searcher, 1; University Vice-President of Research and Development, 1; Van drivers, 2 — 
Total personnel, 108. 

2.7. Ethics Approval 
This research and the needs assessment questionnaire were reviewed and approved 

by the Cebu Technological University (CTU) Ethics Committee, which issued a certificate 
of exemption [No. 01-001-2022, 26 May 2022]. No patient records were accessed, no per-
sonal information was recorded, and no respondent sites were identified. Data were col-
lected from May through October 2022. 

3. Results
Results comprise geospatial analysis, diagnostic tests, time analysis, and spatial care 

paths. Tables summarize healthcare resources and diagnostic testing. A series of illustra-
tions steps through EMS response times and spatial care paths for acute medical crises. 
We start by describing the medical geospatial lanscape of mainland Cebu and the 
Bantayan Archipelao to orient the reader to this region of the Visayas Islands. 
3.1. Geospatial Analysis 

Figure 1 shows Cebu Province in the Visayas island group of the Philippines (upper 
right inset) and the location of the Bantayan Archipelago to the northwest.  Rapid rescue 
presents a fundamental problem for the archipelago, surrounding islands, and islets. In 
the southern tip of mainland Cebu, people often take a “shortcut,” that is, a ferry to Ne-
gros, the island to the west, to expeditiously seek critical care in Dumaguete. 
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Figure 1. Cebu Province Ambulance Transport Time. Mainland Cebu is long and linear. The con-
tours show ambulance transport times to Vicente Sotto Memorial Medical Center in Cebu City 
where healthcare facilities are concentrated. Bantayan Archipelago is situated within the northern 
primary care network. People use southern ferries to shortcut to hospitals in Negros Province. 
About 608 km (378 miles) to the west is Palawan Island (see Figure S1), another long linear island 
in the Visayas with similar healthcare delivery delays. 

Narrow, windy, and landslide-prone mountainous roads prolong transport times on 
mainland Cebu. Challenges arise for emergency rescue and ambulance transfer from 
Bantayan Archipelago to tertiary care in Cebu City (Table 2). Rapid treatment of critical 
conditions like acute myocardial infarction may not be possible. 
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Table 2. Ambulance Rescue in the Bantayan Archipelago. 

Region or Site Carriage Service Type 
Vehicles/ 
Vessels Geospatial Coverage 

POCT 
Instruments 

1. Municipalitya

Madridejos Rescue vehicle 
On-scene rescue, 

transport, and basic life 
support 

NC 3 Northern Bantayan 
Island Pulse Oximeter 

Bantayan Same as above Same as above NC 7b Central Pulse Oximeter 
Santa Fe Same as above Same as above NC 2 Southern Pulse Oximeter 

2. District Hospital

Ambulance 

Patient transport, basic 
or advanced life 

support depending on 
staff availability 

I, II 
planned 2 Bantayan Island Pulse oximeter, 

Glucose meter 

3. Outer Islands

Bantayan Port 
Sea ambulancec 

(outboard 
motor) 

Basic life support, 
patient transport NC 1 + 1 more 

plannedd 

Primarily southwest 
islands in the 
archipelago  

Pulse Oximeter 

Both ports Sand Boat (very 
slow) 

Back-up for rough 
weather 

NC (used as 
needed) 

Both regions None 

Santa Fe Port 
Sea ambulance 

(outboard 
motor) 

Basic life support, 
patient transport NC 1 

Sea areas east of 
Bantayan Island (rarely 

private islands) 
Pulse Oximeter 

4. Potential Future Resources

Helipads located at 
or near the District 

Hospital and on 
Doong Island 

Helicopter – Air 
ambulance 

From outer islands to 
District Hospital and 

from the archipelago to 
Cebu City 

- 2
Sites of crises, 

emergencies, disasters, 
and epidemic outbreaks 

Potential for 
onboard Dx, Rx, 

and live 
telehealth 
guidance 

Air ambulance at the 
airport located near 

Santa Fe 

Fixed wing 
aircraft &/or sea 

plane - Air 
ambulance 

Point-to-point critical 
in-flight support and 

fastest means of patient 
transport  

- 1

From Bantayan Island to 
Cebu City or Manila 

based on diagnosis and 
therapeutic needs 

Potential for 
diagnostics-

guided therapy 
in flight 

Abbreviations: DOH, Department of Health; DRRMO, Disaster Risk Reduction and Management Office; Dx, diagnosis; NA, not 
available; NC, not yet classified by the DOH as either type I (basic life support) or type II (advanced life support); POCT, point-of-
care testing; and Rx, treatment. 
Footnotes: a) Each municipality operates a DRRMO that provides emergency assistance for the community. b) The Bantayan local 
government unit operates two vehicles for patient transport (e.g., appointments) and two for transport to cities on mainland Cebu 
(Bogo, Danao, or Cebu City); three vehicles operated by the DRRMO respond to on-scene emergency calls, but also provide patient 
transport within the municipality. The type of patient support depends on staff availability and basic (most personnel) or advanced 
life support training. c) The sea ambulance operates under the jurisdiction of DRRMO services. d) An additional sea ambulance will 
be acquired for navigating low tides. In low tides, the port of call changes to a sandbar southwesterly from Bantayan Island where a 
new dock will be built on the southern shoreline of Barangay Sulangan. 

Interventional cardiac care is limited to a few hospitals in Cebu City approximately 
140 km to southeast of Bantayan Town. The ferry from Bantayan Island to mainland Cebu 
is slow (90 minutes). Helicopter and fixed wing airplane transport are not generally avail-
able to the public but may be for the privileged few wealthy enough to pay high fees. 

Testing on board ambulances generally is limited to pulse oximeters that measure 
oxygen saturation continuously and glucose meters that measure discrete capillary glu-
cose levels, but test strips may not available. Therefore, prehospital diagnosis using POC 
technologies is extremely limited and unreliable. 

Testing for COVID-19 must wait until patients arrive at a larger healthcare site, such 
as a rural health unit that performs a rapid antigen test (RAgT) useful mainly when 
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prevalence is low and the district hospital, which offers RAgTs and RT-PCR assays, the 
latter capable of both ruling in and ruling out SARS-CoV-2 infection at higher prevalence 
[8]. 

3.2. Diagnostic Tests 
Table 3 documents diagnostic tests and instruments [145-147] available at healthcare 

facilities in the Bantayan Archipelago. Figure 2 shows healthcare facility locations. Most 
diagnostic testing is basic, except for the use in Rural Health Units of the GeneXpert [148] 
for the molecular detection of tuberculosis, a grass roots program promoted by the gov-
ernment of the Philippines to mitigate local contagion. Barangay Health Stations provide 
primary care, but in about half, needed diagnostics like glucose meters lack test strips and 
cannot be used (see Table 3). 

Table 3. Diagnostic Testing Performed at Healthcare Sites in the Bantayan Archipelago. 

Healthcare Site (N), Goal, 
and Hours 

Diagnostic Tests 
Hematology Chemistry Microbiology Notes and Exceptions 

Barangay Health Stations (49). 
Preventative care. (No beds.) 

M-F 8-5 and on call
Saturday/Sunday.

None 

Glucose meter (operable 
when test strips are 

available), O2 saturation 
(pulse oximeter) 

None 

•27 (55.1%) Barangay Health
Stations have glucose test strips. 

•22 (44.9%) without strips cannot 
use meters. 

Birthing Homes (3). Midwives 
assist deliveries. Open 24/7. 

None Pulse oximeter, glucose 
meter, pregnancy test 

None •Prenatal screening is performed
in Rural Health Units. 

Rural Health Units (3). 
Preventative and primary 
care. M-F 8-5 and on call 

Saturday/ Sunday. 

CBC, Hct, 
platelet count, 

blood typing (A, 
B, O, Rh) 

O2 saturation (pulse 
oximetry), FBS/RBS, 

SGOT, SGPT, uric acid, 
Chol, Cr, BUN, UA, 

lipid panel, pregnancy 
test (urine beta-HCG) 

COVID-19 RAgT, 
HIV, TB (GeneXpert), 
Dengue (NS1), stool 

exam (gross, bacteria, 
parasites, ova), 

syphilis, HBsAg 

•Prenatal screening comprises
CBC, FBS, HBsAg, and UA.

•Lipid panel — total cholesterol,
triglycerides, HDL, and LDL.

•No blood gas testing.
• UTZ — availability depends on 

radiologists. 

District Hospital (1). ER, labor 
and delivery, limited surgery 
(e.g., C-section); local referral 

hospital with limited 
specialty services. 25 beds 

with reserve capacity to 55. 
M-Sat 8-5, on call evenings,

Sunday. 

CBC, Hct, 
platelet count, 
HgbA1c, blood 

typing 

Electrolytesa (Ca++, K+, 
Na+, Cl-), Glu, FBS, OGTT, 
ALT, AST, uric acid, Chol, 
lipid panel, Cr, BUN, UA, 
pregnancy test. Glucose 

meters and pulse 
oximeters in the ER. 

COVID-19 RAgT, RT-
PCR. HIV, Dengue 
(duo rapid test), 

Salmonella typhi (rapid 
test), stool exam, FOB, 
syphilis, HBsAg, HCV 

screening test 

•Qualitative cTnI testingb is
performed in lab only when

reagents are available. [No cTnT.] 
•Blood gas testing (pO2, pCO2, 

pH) not available.  
• Genruic instrument for cTnI,

NT-proBNP, CK-MB, and
myoglobin testing not used – no 

reagents. 
Private Laboratory 

Oasis. Referral lab and 
limited diagnostic care. M-Sat 

7-6. Closed Sundays.

CBC and blood 
typing on site 

Pregnancy test (serum) 
and UA on site 

Syphilis and stool 
exam on site 

•UTZ for pregnancy.
•Branch lab outsources other

tests to main lab in Bogo, Cebu
Province. 

Abbreviations: 24/7, service all days/hours; ALT, alanine transaminase (SGPT, serum glutamic pyruvic transaminase); AST, aspar-
tate transaminase (SGOT, serum glutamic oxaloacetic transaminase); BUN, blood urea nitrogen; CBC, complete blood count; Chol, 
cholesterol; CK-MB, creatine kinase MB isoenzyme; COVID-19, Coronavirus infectious disease 2019; Cr, creatinine; cTnI/T, cardiac 
troponin I /T; ER, emergency room; FBS, fasting blood sugar; FOB, fecal occult blood; HBsAg, hepatitis B surface antigen; HgbA1c, 
hemoglobin A1C; HCG, human chorionic gonadotropin hormone; Hct, hematocrit; HDL, high density lipoprotein; HIV, human im-
munodeficiency virus; LDL, low density lipoprotein; Myo, myoglobin; NS1, Non-Structural Protein 1; NT-proBNP, NT-proB type 
brain natriuretic peptide; OGTT, oral glucose tolerance test; RAgT, rapid antigen test; RBS, random blood sugar; RT-PCR, reverse 
transcription polymerase chain reaction; TB, Tuberculosis; UA, urine analysis; and UTZ, ultrasound. 
Footnote References: a) 145, b) 146, and c) 147. 
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Figure 2. Healthcare Resources in Bantayan Archipelago — Current status This figure shows the 
distribution of healthcare resources in the small-world network of the Bantayan Archipelago. The 
District Hospital, a basic resource not categorized as to level, is the main referral site on Bantayan 
Island. 

The district hospital in Bantayan has an active emergency room, which we inspected, 
and offers a broad laboratory test menu (see the middle column). Specimens referred there 
may sit idle because reagents are not available. Important tests, such as quantitative car-
diac troponin I and T, brain natriuretic peptide (BNP, NT-proBNP), and other cardiac bi-
omarkers cannot be performed. There is no whole-blood analyzer for measuring blood 
gases and pH on Bantayan Island. 

Satellite private laboratories vary in service delivery. They mainly perform chemistry 
tests and at times refer specimens to Bogo City to the east on the Cebu mainland with 
turnaround times up to days. In addition to diagnostics, sea ambulances are equipped 
with an ambulance stretcher, an AED (automated external defibrillator), suction machine, 
nebulizer, aneroid sphygmomanometer, stethoscope, oxygen cylinder, and examining 
light.  

3.3. Time Analysis 
Rescue services are well organized (see Table 2). However, natural geography, to-

pography, and inclement weather prolong sea and land transfers. Figures 3 and 4 show 
minimum and maximum patient transport times with color-coded contours. During bad 
weather, tides interfere with sea ambulance transport. Rescue personnel use an alternate 
docking site toward the southwest of Bantayan Island (see Figure 4). Personnel must then 
carry the patient to a ground ambulance for safe travel. 
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Figure 3. Bantayan Archipelago Minimum Transport Times The contours represent the best-case 
ambulance transfer times on land and sea. They become progressively longer radiating out from the 
District Hospital. Time intervals were determined from raw data provided by sea and land ambu-
lance operators. 

Figure 4. Bantayan Archipelago Maximum Transport Times In contrast to Figure 3, the contours 
here are maximum transport times. In low tides, the port of call changes to a sandbar southwest 
from Bantayan Island where a new dock will be built on the southern shoreline of Barangay 
Sulangan. Meanwhile, patients must be hand ported from the sea ambulance to the land ambulance 
waiting on shore. 

3.4. Spatial Care Paths 
3.4.1. Acute Myocardial Infarction 
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Spatial care path analysis for patients who reside on the southwest islands and islets 
of the Bantayan Archipelago and have acute chest pain revealed a serious problem (Figure 
5). Suppose an elevated cardiac troponin T or I is documented rapidly by sea ambulance 
operators and their crew. Telehealth ECG monitoring by a cardiologist who is actively 
communicating during the transfer could allow the ambulance to bypass local health fa-
cilities en route to fixed wing aircraft that transports the patient to Cebu City. However, 
the minimum total transport time (95 min) to Vicente Sotto Memorial Medical Center, a 
Level 3 hospital in Cebu City is excessive. 

Figure 5. Spatial Care Paths for Acute Myocardial Infarction Spatial Care Path Analysis: A patient 
with acute myocardial infarction must endure four time-consuming transport legs: a) sea ambulance 
(the diagnostic portal) from the islet to the port in Bantayan Town (yellow), b) land ambulance from 
the port to the airport (green), c) fixed wing air transport to the Cebu-Mactan International Airport 
(red), and d) land ambulance to Vicente Sotto Memorial Medical Center in Cebu City (yellow), 
where interventional cardiologists are available. The total transit time is 95 minutes (purple box). 
Optimized Spatial Care Path: If the spatial care path connects directly to the District Hospital via 
the green spline leading to it from the port, transit time would be <30 minutes, a potentially life-
saving redirection, providing the district hospital is upgraded with cardiologists who can intervene. 

For an expeditious transfer of 28 min (25 min by sea, 3 min on land), which might be 
lifesaving, the spatial care path could be redirected to the Bantayan District Hospital via 
the short green connector from the port in Figure 5. Elevated cardiac troponin I or T on 
the sea ambulance would alert the catheterization team to prepare, further improving ef-
ficiency, increasing chances of survival, and elevating the local standard of care. Interven-
tional care by a cardiologist would require a significant upgrade of specialists and sup-
porting personnel, facilities, and equipment at the District Hospital. 

Another option would be to transport the patient directly to a Heart Center in Cebu 
City by helicopter (Figure 6). A nurse could perform critical care testing onboard the hel-
icopter. Unfortunately, there is no helicopter service available, and inclement weather 
conditions would ground the helicopter as well as the fixed wing aircraft (see Figure 5). 
Hence, the most reliable solution is to upgrade the District Hospital for interventional care 
by a cardiologist. Then, the spatial care path would be optimized. 
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Figure 6. Helicopter Rescue Helicopters and helipads are not currently available. However, direct 
helicopter transport could decrease the transport time from archipelago islands to Heart Centers in 
Cebu City to 35 minutes. Two recommended sites for island helipads are shown in the figure. 

3.4.2. Hypo-/Hyperglycemia, Diabetes Screening, and Therapeutic Monitoring 
Sea and land ambulances in the Bantayan Archipelago are equipped with glucose 

meters. Although most glucose meters are not capable of producing accurate quantitative 
results when glucose is very low or high [149-151], ambulance operators may discover 
acute hypo- and hyperglycemia during the first encounter with the patient and quickly 
establish a spatial care path to the nearest emergency room where admission testing can 
quantitate the exact degree of glucose abnormality. If comatose, the patient will require 
rapid evaluation and possibly administration of 50 mL of 50% dextrose. 

We could not find HbA1c testing in Barangay Health Stations or Rural Health Units 
for diabetes screening and therapeutic monitoring. However, the Municipality of 
Bantayan will purchase a HbA1c instrument before the end of the year. Below we suggest 
mobile HbA1c testing on vans that rotate to sites near patient homes, Barangay Health 
Stations, and workplaces. In effect, mobile testing can be moved up the spatial care path 
nearer the patient, which would avoid downstream delays transporting specimens and 
receiving results, not to mention time and expense away from productive work to travel 
to distant testing sites. 

3.4.3. COVID-19, Monkeypox, and other Infectious Diseases 
Community access to COVID-19 testing was limited with no self-testing or saliva 

testing programs in place. RAgTs were not performed on ambulances (see Table 2) to help 
protect rescue personnel and warn destination emergency room staff. Rarely, people who 
could get kits tested at home, but there was no government distribution program. 

Barangay Health Stations lacked COVID-19 testing. Rural Health Units offered 
COVID-19 RAgTs. The District Hospital laboratory performs RT- PCR testing (see Table 
3). Travel time to the district hospital from outlying islands (see Figure 4) for confirmation 
of RAgT results is quite prolonged. 

Spatial care paths start at discrete sites where people first find diagnostic portals. 
With a pattern of limited COVID-19 testing, delays in submitting swab and other types of 
specimens and receiving results can spread contagion. Analysis suggests that testing 
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could be moved out into the community. Even children are capable of reliable self-testing 
[152,153]. 

Figure S2 (in the Supplement) compares the performance patterns of COVID-19 test-
ing conducted in homes, communities, and emergency rooms.  It illustrates the depend-
ence of false negatives on increases in prevalence [8]. Community testing with Tier 2 (sen-
sitivity ³ 95%, specificity ³97.5%) RAgTs performs reasonably well [11-13] at the detecta-
ble low community prevalence apparently in effect. 

Mobile testing on vans [7] that rotate throughout the community could improve ac-
cess to COVID-19 testing (Table S1). A spatially flexible strategy can also ensure accessi-
ble testing for other infectious diseases, such as Monkeypox, HIV, Dengue, and Influenza 
A and B. Another option would be to position test kit vending machines near municipal 
halls in the community [16]. We illustrate these exciting point-of-need options below. 

3.4.4. Tuberculosis Peripheral Care — In Progress 
The United States Agency for International Development (USAID) and the Bantayan 

Public Health team (led by S.T.) launched a pilot program that benefits the at-risk, geo-
graphically isolated, and disadvantaged population on Bantayan and other islands. This 
POC initiative is part of the “introducing New Tools Project (iNTP)” being rolled out in 
nine high TB burden countries, including Cambodia, Vietnam, and the Philippines in 
Southeast Asia [154]. 

Technology for POCT funded by the USAID comprises a) the Fuji X Air Ultraportable 
Chest X-ray (UP CXR), a battery-operated, lightweight, and ultra-portable unit with low 
radiation exposure and artificial intelligence-aided detection; b) the TrueNAT machine, a 
portable battery-operated device for detection of Mycobacterium tuberculosis complex 
bacteria (MTBC) and rifampicin resistance within an hour; and c) patient home self-video 
monitored to assure medication compliance [155,156]. 

This molecular diagnostic instrument is cost-effective with low equipment and test 
costs. It requires minimal biosafety requirements and is intended for the peripheral level, 
that is, community health facilities or mobile clinics. See reference 156 for the implemen-
tation guide. It uses the first World Health Organization-recommended rapid molecular 
test for TB detection and rifampicin resistance. At the time of writing, this pilot program 
has already discovered ~9% infected with TB out of 432 patients screened in the Munici-
pality of Bantayan. 

4. Discussion
Global warming threatens island nations. Rising oceans significantly impact the 

Bantayan Archipelago (Figure 7), other island groups in the Philippines, and island na-
tions such as Maldives, the islands of which have a maximum ground level height of only 
2.4 meters (7 feet, 10 inches). In Indonesia, the country already is inventorying its 17,508 
islands (6,000 inhabited) [157] because some have begun to disappear. 
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Figure 7. Global Warming, Rising Oceans, and Population Migration Global warming, rising 
oceans, and population migration demand changes in the way healthcare services, especially during 
emergencies, are delivered. Prehospital testing represents an adaptive means for rapid decision 
making and treatment at points of need, as illustrated in the next figure. 

Ocean levels will continue to increase unless global stewardship tames carbon diox-
ide emissions. In view of the track record of carbon dioxide accumulation, reversal or even 
significant abatement of warming trends seems unlikely. Progressively stronger and more 
frequent super typhoons in the Pacific portend increased isolation and give real urgency 
to the widespread deployment of POC strategies to create autonomy in island settings. 

Currently, access to diagnostic testing remains problematic, particularly for people 
distant from metropolitan tertiary care. In the coming decades, the Philippines can benefit 
from significant improvements in point-of-care inventions and innovations. Using a prov-
ince-wide approach to public health planning and healthcare funding that aims to distrib-
ute POC resources geographically should prove beneficial. Placing 80% of patient care 
episodes in the community would help relieve stressed emergency rooms, especially dur-
ing outbreaks of COVID-19 or new threats. 

Since the last major compilation of POC technologies for disaster, emergencies, and 
public health crises [158], prehospital diagnostics have blossomed to vastly increase the 
efficiency and effectiveness of healthcare systems. Prehospital diagnosis produces posi-
tive impact on outcomes for several medical challenges (see Table 1) and can help opti-
mize island healthcare by mobilizing diagnostic solutions where shared resources must 
be conserved. In the Bantayan Archipelago the benefits of POCT should accrue not only 
from more efficient medical care compared to the current state, but also from an improved 
safety net for tourism and other activities that promote local economies. Regional en-
hancements could help justify some of the costs of higher-level healthcare services. 

While this paper represents the first to design POC strategies and spatial care paths 
for global warming, rising oceans, and super typhoons, other investigators emphasize the 
general need for POCT in island communities. For example, Fernando et al. [159] evalu-
ated a rapid diagnostic test for the diagnosis of malaria when preventing reestablishment 
in Sri Lanka. Regarding geospatial analysis, Oviedo et al. [160] combined serological, an-
tigen detection, and DNA data for Plasmodium falciparum to generate robust geospatial 
estimates of malaria transmission in Haiti with confident description of its spatial epide-
miology. 

In the same setting, Rogier et al. [161] showed rapid diagnostic tests for Plasmodium 
falciparum in clinical and community settings had sensitivity 86.3-96.0% with specificity 
90.0-99.6% resulting in a significant, but limited number of positive tests. Although so far 
this year no cases of malaria have been documented in the Bantayan Archipelago, seventy-
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four cases of Dengue fever have appeared, which supports our recommendation (see Fig-
ure 8 below) for mobile Dengue testing (NS1, IgG, IgM) to minimize epidemiological dis-
semination and warn of potential hemorrhagic fever which may require hospitalization, 
hourly bedside hematocrit monitoring, and transfusion support. 

Studying healthcare small-world networks of remote central Vietnam, Ventura et al. 
[162] concluded that public health should fund enhanced access to POC diagnostics for
diabetes in the limited-resource region. Kost et al. [49] recommended early upstream POC
cardiac troponin testing on spatial care paths to expedite transfers directly to hospitals
capable of intervening, improve outcomes following coronary occlusion, enhance stand-
ards of care, and assure high-value evidence-based learning, since POC results nurture
rapid decision making by young physicians. Nguyen et al.  [163] recommended that POC
coordinators manage bedside technologies, quality assurance, and independent accredi-
tation. During interviews we encountered only one POC Coordinator at Vincente Sotto
Memorial Medical Center, a level three referral hospital in Cebu City. None were available
in the Bantayan Archipelago.

Working in sparsely populated Australia, Hengel et al. [164] found that, “…decen-
tralized POC testing should be considered for communities in need, especially those that 
are undertested and socially vulnerable” and that, “…decentralized testing should be part 
of the core global response towards suppressing COVID-19.” For clinical services in New 
Zealand where the guiding principles are to improve health access and medical outcomes, 
Herd and Musaad [165] concluded that POCT in the rural and remote settings of the island 
nation can be rewarding for clinicians and an “…important component of the health sys-
tem to improve outcomes and reduce inequity…” now and in the future. Therefore, one 
can reasonably expect that the POC strategies illustrated in Figure 8 and recommended in 
Table 4 will improve outcomes and reduce inequities in medical care in the archipelagos 
of the Visayas Islands. 

5. Conclusions and Recommendations
Figure 8 illustrates how prehospital POCT could be positioned in Bantayan Archi-

pelago to a) meet demands discovered during needs assessment, b) distribute access to 
care where natural terrain and island locations slow rescue over the ocean, c) accommo-
date people in need of flexibility for increasingly inclement weather, and d) deal with in-
fectious disease threats, such as COVID-19 and Monkeypox, which has begun to appear 
in the Philippines. 

Figure 8. Proposed Sites of POCT in the Bantayan Archipelago The POC test clusters shown in the 
margins draw on evidence of efficacy documented in Table 1 and include some, but not all of the 
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prehospital tests recommended in Table 4. This figure also illustrates a recommendation for a third 
sea POCT-equipped ambulance stationed at the Bantayan Port. Please see the text for explanation 
of prehospital diagnostics. Abbreviations: AED, automated external defibrillator; CBC, complete 
blood count; CXR, chest x-ray; ECG, electrocardiogram; Flu A/B, influenza A/B; HbA1c, hemoglobin 
A1c; HIV, human immunodeficiency virus; hs-cTn T/I, cardiac biomarkers troponin T or I; RAgT, 
rapid antigen test; RT-PCR, reverse transcriptase polymerase chain reaction; TB, tuberculosis; UTZ, 
ultrasound; and WBA, whole-blood analyzer. 

Figure 8 strategizes prehospital COVID-19 testing to mitigate spread [159,160]. Re-
cent evidence shows that >50% of adults with recent Omicron variant infection were una-
ware of their infectious status [161]. A new National Institutes of Health initiative will 
fund $300 million to improve COVID-19 POC test performance, enhance access to testing, 
and obviate the need for serial testing to decrease false negatives [162]. Improved access 
to testing may alleviate confounding problems, such as recently increased antibiotic re-
sistance that undermines antibiotic therapy [163]. 

The current use of vending machines to distribute COVID-19 testing enjoys several 
advantages, including easy access, quick results, and safety — people seeking test kits do 
not expose others if the equipment is kept clean. People extract a test kit, test themselves 
or family, and obtain immediate results. That empowers them to care for each other, es-
pecially seniors who are still dying (hundreds per day in the United States) at dispropor-
tionate rates [164]. 

Table 4 presents our recommendations for prehospital POCT that will accelerate de-
cision making, improve efficiency, and relieve emergency room overload. Each strategy 
is backed by evidence in Table 1, critical needs identified during our onsite field surveys, 
expert input from public health officials, and spatial care path analysis results in other 
limited-resource settings in Southeast Asia [27-32,49,87]. 

Table 4. Recommended Patient-focused Point-of-care Diagnostics and Spatial Care Path Acceleration in the Bantayan Archipelago. 

Medical 
Challenge 

Diagnostics Implementation Sites for Rapid Action Enhanced Outcomes (based on the 
evidence in Table 1) 

Acute abdomen 
CBC, enzymes (ALT, 

AST, lipase), ECG, 
abdominal UTZ 

Rural health unit triage diagnostics with 
progressive plan for district hospital support 

of transfer to tertiary care medical facility 

Diagnose and stabilize patients with acute 
abdomen (e.g., appendicitis, pancreatitis,) 

before transferring to a tertiary medical 
facility 

Acute 
myocardial 
infarction 

POC qualitative or 
semi-quantitative cTnI/ 

cTnT 

Ambulance, barangay health station, and 
rural health unit rule in of AMI 

Fast TTAT, earlier triage, bypass time-
consuming intermediate processing steps, 

appropriate and timely therapy (e.g., 
CABG, PCI), improve survival, and 

diminish mortality in rural versus urban 
environments (see Figure 8 for a SCP 

example) 

Quantitative cTn, hs-
cTnI or hs-cTnT 

Rural health unit, district hospital, or heart 
center for rule-in and rule-out AMI with Rx 

in <60 min 

COVID-19 

POC RAgT, self-testing, 
home LAMP tests (free) 

Ubiquitous access - vending machine, mobile 
vehicle (ambulance, health van), barangay 
health station, rural health unit, pharmacy, 

more 

Self-testing empowerment, early detection, 
family and workforce protection, outbreak 
mitigation, new public health paradigm, 
patient education, and precedents for the 

next pandemic 
RT-PCR Rural health unit, district hospital 

Viral load Academic or reference laboratory 

Critical care 
interface 

O2 saturation (pulse 
oximetry), electrolytes, 

BG, Ca++, and pH 

Land and air ambulance Pulmonary and cardiac support, decreased 
morbidity and mortality Rural health unit, emergency room 

Critical care 
transport 

Glucose, lactate PT 
(INR), D-dimer 

Prehospital transport and ambulance services 
Risk stratification, spotting critical patients, 
triage to intensive care, hemostasis Rx, PE 

management 
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Prediabetes and 
diabetes 

diagnosis and 
therapeutic 
monitoring 

HbA1c near homes 
every three months 

Rotating POC HbA1c instruments in 
community sites during physician rapid Dx 

and Rx on site 

Earlier Dx of prediabetes and diabetes, 
improved control of patients under Rx 

Critical care packages 
of POC tests (above) 

Ambulances for immediate detection of 
hypoglycemia and hyperglycemia 

Risk mitigation from onsite Dx of diabetic 
ketoacidosis, hyper-glycemic hyperosmotic 

coma, and other glucose hemostasis 
problems 

“Hidden” 
problems 

POC ultrasound 
Sea, land, and air ambulances, primary care 

network, ER/EDs, and barangay health 
stations in the surrounding islets and islands 

Numerous applications for triage, acute 
care, intubation, and orthopedics 

Infectious 
diseases 

POC STI (STD), 
Dengue, EVD, 

Monkeypox, and other 
rapid tests  

All points of need depending on deadly 
outbreaks and community prevalence of 

sexually transmitted diseases (e.g., 
Monkeypox) 

Rapid Dx, reduced opportunity costs, 
improved infant welfare, earlier start of 

isolation, and decreased time to Rx 

Non-life-
threatening acute 

conditions 

O2 saturation, 
electrolytes, glucose, 

BUN, Cr, BNP (or NT-
proBNP), portable ECG 

Paramedic outreach to the patient home, 
community center, and barangay health 

station 

On site Dx, triage, and Rx of CHF and 
COPD exacerbations, dehydration, UTI, 

and other acute conditions in or near 
homes to spare EMS resources, avoid 

overload of ERs, and allow faster response 
for more pressing cases 

Obstetric 
emergencies 

CBC, glucose, ECG, 
pelvic UTZ, CTG 

Coordinated strategy by barangay health 
station, rural health unit, and district hospital 
to supply fetal heart monitoring along with 

basic POC tests already available on site 

Decrease infant and maternal mortality due 
to obstetric complications (e.g., prolonged 
labor, placenta previa, and uterine atony) 

Sepsis and septic 
shock 

Test clusters drawn 
from suitable 

instruments (e.g., Cobas 
h232, 

HemoCue, i-Stat, 
StatStrip, CoaguChek, 

or 
Pocket-chem) 

Land ambulance for rescue with on scene 
victim evaluation by means of a kit of POCT 

handheld instruments 

Change in conveyance decisions, reduced 
transport time, recognition of critical 

medical problems requiring admission and 
Rx, economic benefits, and enhanced 

survival, morbidity, and mortality 

Molecular diagnostics 
District hospital rapid molecular detection of 
pathogens (handheld and portable molecular 

diagnostics) 

Snake bite PT (INR), aPTT, Hct/ 
Hgb 

Barangay health stations (depending on local 
prevalence of snake bites in the primary care 

network) 

Rapid identification of coagulopathy, 
especially in children, and administration 

of antivenom 

Stroke CT scanner with POCT Stroke ambulance 

Rapid discovery of ischemic stroke, earlier 
administration of thrombolytics, transport 
directed to stroke centers without delay, 

improved outcomes 

Transfusion 
support 

POC Hct/Hgb, blood 
typing (A, B, O, and Rh) 

Drone-facilitated delivery of blood products 
to outlying islands, transport of specimens 

for diagnostic tests 

Fundamental life support where it is 
lacking due to isolation in emergency 

situations 
Abbreviations: ALT, alanine transaminase (SGPT, serum glutamic-pyruvic transaminase); AMI, acute myocardial infarction; aPTT, 
activated partial thromboplastic time; AST, aspartate aminotransferase (SGOT, serum glutamic oxaloacetic transaminase); BG, blood 
gases (pO2, pCO2, pH); BNP, blood natriuretic peptide (or NT-proBNP); BUN, blood urea nitrogen; Ca++, ionized calcium [must be 
measured with a (portable) blood gas or whole-blood analyzer]; CBC, complete blood count; CABG, coronary artery bypass graft; 
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; COVID-19, Coronavirus infectious disease 2019; Cr, 
creatinine; CTG, cardiotocography (continuous recording of the fetal heart rate obtained via an ultrasound transducer placed on the 
mother's abdomen); cTn, cardiac troponin I (cTnI) or T (cTnT); Dx, diagnosis; ECG, electrocardiogram; ED, emergency department; 
EMS, emergency medical services; ER, emergency room; EVD, Ebola virus disease; HbA1c, hemoglobin A1c; Hct, hematocrit; Hgb, 
hemoglobin; hs-cTn, high sensitivity cTn; INR, International Normalized Ratio; LAMP, loop-mediated isothermal isolation; PCI, 
percutaneous coronary intervention; PE, pulmonary embolism; POC, point-of-care; POCT, POC testing; PT, prothrombin time; 
RAgT, rapid antigen test; RT-PCR, reverse transcriptase-polymerase chain reaction; Rx, treatment; STI, sexually transmitted infection 
(STD, ST disease); UTZ, ultrasound; and WBA, whole-blood analyzer. 
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We recommend acceleration of treatment for patients with acute myocardial infarc-
tion by using POC strategies. A study by Tideman et al. [53] showed prehospital ECG, 
POC cardiac troponin testing, and cardiologist guidance during transport decreased in-
equities in mortality rates, which were higher for people living in rural versus urban areas. 
Spatial care path analysis (see Figures 5 and 6) for acute myocardial infarction can be ap-
plied to other islands in the Visayas, such as Palawan Island (see Figure S1), which is 
highly linear and quite remote. 

Public health officials can weigh the merits of targeted POCT for specific diseases by 
considering prevailing prevalence as people migrate to Bantayan Island. They can stage 
the implementation of rapid response testing and expedite decision making incremen-
tally. Valuable evidence will become available for future healthcare planning by public 
health officials in other island communities and generally, in island nations. 

Global warming, rising oceans, super typhoons, and preparedness for weather dis-
asters call for long-term investment. We suggest documenting impact on morbidity and 
mortality to help prioritize funds toward fulfillment of immediate needs versus long-term 
investments. However, POCT can meet several needs identified in this research now. 
Timely mobility of diagnostics will help avoid future losses, alleviate geospatial dispari-
ties, and prepare island communities for more frequent and severe public health crises.  
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