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Abstract

This study aimed to identify the cost analysis betwaewiv®r and non-survivor of mechanically ventilated
COVID-19 patients.We conducted a cohort retrospective study analysing the¢ comparison among
mechanically ventilated COVID-19 patients in our hosplfdk.Soetomo Hospital, which is a tertiary referral
hospitalin our country, from from Junt September 2020. COVID-19 patients who was mechanically atsdtil
was included in our study, but for those who were passeg @@hhours upon ICU admission, or patients who
were discharge against medical advice, were excluded thimrstudy. A total of 72 mechanically ventilated
COVID-19 patients were analysed. These patients were diwitie@ groups: survivor and non-survivor groups.
Survivor group consisted of 21 patients and 51 patients insaorivor group. Baseline characteristics were
significantly different for the variables of. body massléx, presenting blood pressure, acute kidney injury
complication, prothrombin time, albumin, P/F ratio and=8Gcores. The average total cost spent in survivor
group was $3711,7 whila non-survivor group was $5417,7. This result showed afwignt finding (p=0.047).
Cost distribution pattern was similarboth groups, that cost medical items was the higlosstitat spent during
ICU stays among mechanically-ventilated COV1Bpatients; but significant difference of medical itemt oess
documented between survivor and non-survivor grémpaverage of cost medical items was spéift1145,5n
survivor group, compared to $2353,8 in non-survivor group (p=0.80@8)conclude that non-survivor group of
mechanically ventilated patients tend to spend mortedeogglCU stays, especially for the medical items cost.
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1. Introduction

World Health Organization (WHO) has established COVIDd®a Public Health Emergency of
International Concern (PHEIC) sinceéf January 2020, and has declaitexsa pandemion March 11", 2020.
COVID-19is caused by Severe Acute Respiratory Syndrome coron@&/{i®&RS-CoV-2), which formerly was
called 2019-nCoV.[1] This RNA virus caused a various clinical featdtions. Some COVID-19 patients were
asymptomatic, some other felt dyspnoea, and there waenfgawith severe complications, like sepsis, acute
respiratory distress syndrome (ARDS), and multiorgan fil@pecial care should be given to the elderly,
immunocompromised, or to the pregnant patients with [DGAM. To date, no curative treatment has been
established and approved as the treatment guideline sfan@#l COVID-19 patients around the world.[2]

COVID-19 pandemic caused a marked incréadealthcare expenditures and critical availabilityagpital
resources, sudshospital beds, intensive care, ventilators, medicatefigs Patient characteristics and ventilation
practices were evolving over time, and improvemehntaechanically-ventilated patients was improving.[3] The
scant availability of ventilator for severe and cati COVID-19 patients needed special attention because
intensive care required relatively expensive costs whadome one of the high expenditures of the hospitals.
Thus, description and analysis of therapeutical and headtlsystem expenditure become an important aspect to
bestudied furthem mechanically ventilated COVID-19 patients. Expenditi#ieulation andts correlation with
component®f healthcare service coul analysed.
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interventions. Cost utility analysis was developedvercome cost-effectivity issues and could help decision
making to compare different value from each interwemin various health problems. Utility value could be
achievedy using standardized and validated health status instrarsetitat the evidencef cost utility analysis
couldbedirectly applied withan affordable cost.[4]

This study aimed to investigate the different patternosphalization expenditure between survivor and
non-survivorof mechanically ventilated COVID-19 patients. This study wqutavide a recent national reference
to the allocatiorof the intensive care resourdeghose mosin need. Hopefully, this study will give a substantial
benefit as the basis cost analysis for the governmedthealthcare insurante make efficient money spending
and effective decisions that helps both the patientsebdy need the mechanical ventilatiarthis timeof crisis.

2. Methods
2.1Study Design

This was an observational retrospective study using rledicords data based on the case record forms in
confirmed COVID-19 patients who were mechanically vergidah RSUD dr. Soetomo COVID-19 ICU, from
June to September 2020. This study investigated the effgadivhealthcare expenditure towards the clinical
outcomes of mechanically ventilated COVID-patients in@antre, as well as the different hospital expenditure
patterns towarche patients’ clinical outcomeatICU discharge (survivor comparg&ainon-survivor).

2.2 Study population

This study used total sampling. So that the study participaares all of the COVID-19 patients who were
mechanically ventilated in the period from June to Sepéerabd did not met one of the following criteria: (1)
patients with ICU care of < 48 hours, (2) patients who discharged against medical advice (DAMA). All of the
eligible patients were followedp until ICU discharge. Patients’ discharge outcomes were documented and the
data were analysed and grouped basetthepatients’ discharge outcomes (survivor compared to non-survivor).

2.3Measurements

Indicationsof mechanically ventilator use COVID-19 patients in our centre were as the following:[5]
- Airway problems
- Progressive deterioratioof dyspnoea accompanied with the presence of. alterettamstatus,
respiratory rate>30 times per minutes. SpO2<9@%#)e presence of shock.
- Hypoxemic patients with SpO2 <93% (FiO2 21%), PaO2/FiO2 < a@agwith progressive worsening
or with the increasing of additional respiratory musclevith pulse of >120 times per minute or with
the ROX index <3.85 (in HFNC)

2.4Variables and outcome

Patients’ ICU discharge outcome became the dependent variables, and hospital total cost and hospital costs
categories became the independent variables.(Table 1)

Table 1 Categories of Hospital cost and their corepts

Healthcar e expenditure Components
Cost Hospital Service COVID-19 ICU, Ventilator, High Flow Nasal Canule (HFNC), ContingdRenal
Replacement Therapy (CRRT), Haemodialysis, Syringe pumfiysibn pump, Monitor,
Extracorporeal Membrane Oxygenation (ECMO), Oksigen.
Cost Medical Service Nursing care servicepctors’ visit, consultation service.
Cost Medical Item medications (enteral dan parenteral), disposable igrussion set, syringes, electrode
urine catheters, CVC, sanitary napkins, suctiont@faBGA cartridge, mucous
extractor, needles, personal protective equipment).

Cost Diagnostic Service Radiographic service, clinical pathology and microigl service, blood bank
installation service
Cost Medical Therapy Intubation, Central Venous Catheter (CVC) insertion, liappe of Extracorporeal

Membrane Oxygenation (ECMO), installationf Continuous Renal Replaceme
Therapy (CRRT), insertionf Invasive Blood Pressure (IBP), other surgmainvasive
treatments.
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2.5 Statistical analysis

Descriptive statistics analysed the baseline charsiits of mechanically-ventilated COVID-19 patients.
Statistical analysis that compared hospital expendittegjories between survivor and non-survivor was using
comparison test. Kolmogorov-Smirnov was used for normadgy of hospital expenditures, with p<0,05 was
consideredo be heterogenous, thus the non-parametric comparisonagstsed, Mann Whitney test.

3. Reaults
3.1Baseline characteristics

According to the inclusion and exclusion criteria, altof&/2 mechanically ventilated COVID-19 patients
were analysed. These patients were divided into 2 groupsvauand non-survivor groups. Survivor group
consistedf 21 patients and 51 patiefinson-survivor group. The averageage was 47 years dia both groups.
Male patients were more prominémnhon-survivor group, but not significantly different. Batgss index (BMI)
in survivor group was 25kg/in the average, but non-survivor group had an average BE® &f/n¥, which
were significantly different. Length of stay was nainsgficantly different between survivor and non-survivor
group, with the average of 9 days. The presenting vitaksigpon ICU admission were significantly different
between two groups. Systolic blood pressure, diastoliodblpressure and mean arterial pressure were
significantly lowerin the non-survivor group, but body temperature did rfferdboth groups.

Some laboratory results among COVID-19 patients who weehanically ventilated were significantly
different between survivor and non-survivor group. In isarvgroup, Blood Urea Nitrogen was lower, albumin
was higher, and prothrombin time was shorter in duratmmpared to the non-survivor group. The other
laboratory results showed no significant findings. Compboaof Acute kidney injury was found mostly in the
non-survivor group, but no comorbidities signify thefatiénce between both groups. The highest SOFA score
duringICU stays significantly highen the non-survivor group, which was 13 points, comp&r&dpointsin the
survivor group.

Antivirals, antifungals, and antibiotics were given prbpasindicated. Antibiotics consumption was higher
in non-survivor group, but anti-viral and anti-fungal wegeally administered among the mechanically ventilated
COVID-19 patients. (Table 2)

Table2. Baseline characteristiag survivor and non-survivan mechanically-ventilated COVIR9 patients

Variables* All patients Survivor Non-Survivor p_value
N=72 n=21(29.1%) N=51(70.8%)

Age 47.7x12.7 47.5+11.4 47.7£13.2 0.958
Male Gender 45 (62.5%) 10(47.6%) 35(68.6%) 0.114
Body Mass Index 28.3+6.2 252+ 4.3 29.6+6.4 0.006*
Lengthof stay (days) 9.3+5.1 8.9+4.2 9.5+55 0.628
Vital signs

Systolic Blood Pressure (mmHg) 91.2+19.8 104.3+ 16.0 85.7+18.6 <0.001*
Diastolic Blood Pressure(mmHg) 50.8+12.3 56.7+11.9 48.3+11.8 0.008*
Mean Arterial Pressure 63.2+14.1 71.7+12.2 59.8+13.3 0.001*
Body Temperature 37541 37.6+0.3 37.5+4.8 0.925]
Laboratory results

Haemoglobin 11.1+£19 10.8+1.7 11.1+2.1 0.612
Haematocrit 334+6.0 32.445.1 33.846.3 0.358
Thrombocyte 326173 £ 31796 346857+16114 317656+36459 0.726
Leucocyte 23511 + 11629 23332+ 12358 23584+11442 0.934
Lactate 25+3.4 1.6+0.8 2.843.9 0.128
SGOT 99.4 +138.3 65.2+42.2 87.6+63.3 0.175
SGPT 82.7 £60.5 70.71+52.6 87.6+63.3 0.285
Blood Urea Nitrogen 59.9 £49.01 40+37.9 68.1318.0+50.9 0.026*
Creatinine Serum 3.8+59 2.615.4 5.446.0 0.269
C-Reactive Protein 17.0+£375 11.9+38.9 6.449.3 0.429
Procalcitonin 10.8+25 2.343.6 14.3+30.1 0.074
Blood sugar 289+132.2 282.8+131.6 292.8+133.5 0.773
HBA1C 6.9+2.2 6.742.2 7.0£1.9 0.586
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D-dimer 6478 +8137 6148+7651 6614+8398 0.827
Ferritin 1506+ 2361 950.1+705.6 17352745 0.202
PTT 144 +4.1 12.6+2.0 15.2+4.5 0.002*
APTT 48.6 +30.7 31.5+18.8 55.6+£33.5 0.675
Albumin 28+0.3 2.840.3 2.740.2 <0.001*
Respiratory
P/F ratio 94.0 +64.8 150.5489.3 86.9+30.0 <0.001*
SPQ 94.0 5.1 93.9+4.0 91.8+4.5 0.059
SOFA score 12+£43 7+4.3 13.3£3.1 <0.001*
High Flow Nasal Cannula 48 (39%) 6 (28.5%) 12(23.5%) 0.653
Comorbidities
Hypertension 31(43.1%) 9 (42.9%) 18(32.1%) 1.000
Diabetes Mellitus 37(51.4%) 7 (33.3%) 30(60.0%) 0.067|
Chronic Kidney Disease 1(1.4%) 0 (0.0%) 1(1.9%) 1.000,
Asthma 2 (2.8%) 0 (0.0%) 2 (3.9%) 0.581
Hepatitis 13(18.1%) 6 (28.6%) 7 (13.7%) 0.180
Acute Kidney Disease 35(48.6%) 6 (28.6%) 20(40%) 0.039*
Medications
Dopamine 2 (2.8%) 1 (4.8%) 1(1.9%) 0.501
Dobutamine 20(27.8%) 5(23.8%) 15(29.4%) 0.775
Norepinephrine 48(66.7%) 8 (38.0%) 40(78.4%) 0.002*
Epinephrine 25(34.7%) 1 (4.7%) 24(47.1%) 0.001*
Vasopressin 21(29.2%) 1 (4.8%) 20(39.2%) 0.003*
Antibiotics 67(93.1%) 17(80.9%) 50(98.0%) 0.023*
Antiviral 47 (65.3%) 13(61.9%) 34 (66.6%) 0.787
Antifungal 15(20.8%) 2 (9.5%) 25(25.5%) 0.203
*Numeric variables were presentedmedianandstandard deviation; categorical variables weregneed with total numbemnd
percentage

3.2Cost comparison among mechanically-ventilated COMVID-19 patients

The average total cost spémtsurvivor group was $3711,7 while non-survivor group was $5417,7. This result
showed a significant finding (p=0.047). Cost distribution patternsivasar in both groups, that cost medical
items was the highest cost that spent during ICU staysgmechanically-ventilated COVID-19 patients; but
significant difference of medicalkemcost was documented between survivor and non-surgieoip.An average
of cost medical items was spent of $1145,5 in survivor grouppamd to $2353,8 in non-survivor group

(p=0.003).
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Fig. 1. Cost Pattern Comparisom Survivor and Non-Survivor of Mechanically-Ventilat€®VID-19 patients.

4. Discussion

Mechanically-ventilated COVID-19 patients were more puofb in the average age of 47 which was the
productive age. This result was alongside with observation @ther hospital in Jakarta, with median age of 46
years old.[6] Prior study investigated that SARS-COV-2 iatioh period of younger age population was longer
than the elderly.[7] In Indonesia, patients with productige dominated the COVID-19 incidence, because this
population was actively working and prone to many physicalttacts. Male patient was more prominent in
mechanically-ventilated COVID-19 patients, but not signiftgadifferent. Generally, in Indonesia the number
of malepatients were indeed dominant amdmg COVID-19 patients.[6]

Physiologic and immunologic differences in male anddaleninfluenced the host response to infections,
including SARS-COV-2 infection.[8] Female likelihood to restr&OVID-19 infection was correlated to the
protective effect of X chromosome and oestrogen that bemeficialfor adaptive immunity.[9]

Most of the patient our study had lengtbf stay of 9 dayi both groups. Those patients were discharged
from the COVDI-19CU either movedo low-care units, passed away,transferredo non-COVID ICU.Onthe
contrary, a prior studyn Wuhan which included 1792 patients showed that the avinagthof stayin ICU was
11 days, with the rang# 6to 20 days. Lengtbf stay of those patients was correlated with their.fg@sAnother
study from Hongkong stated that the average length of si&trwas 16 days.[11] These differences could be
becausef the different characteristicd the patientdor example: age and comorbidities that also could influence
the disease severity, and subsequently the length of st&yUn Some laboratory results also had strong
correlation with the lengtbf stayin ICU, for example the time of thromboplastin activation, leukocgtent, and
albumin levels. These laboratory results describe@atients’ conditions and the disease progression.[11]

The most prevalent comorbidity in mechanically-veréth€OVID-19 patients were Diabetes mellitus in
51% of the patients, followed by hypertension in 31% of the mati@hese results were in accordance with a
prior study that explored the 3 most common comorbiditiesdin severe and critical COVID-19 patients, they
were hypertension (52,1%), diabetes (33,6%), dan and the o#indiovascular disease (20,9%). These
comorbidities highly influenced the number of hospitaligatients, length of stay, as well as mortality, if
compared to the patients without comorbidity.[9]

Mechanical ventilation was indicatéat patients with a progressive deteriorat@lyspnoea accompanied with

the presencef: altered mental status, respiratory rate>30 times per esn8p02<90%r the presmrrs)gr%ck.
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It also recommended to be used for Hypoxemic patients \pi293% (FiO2 21%), PaO2/FiO2 < 300mmHg
with progressive worsening or with the increasingaditional respiratory muscle or with pulse of >120 times
per minuteor with the ROX index <3.85 (in HFNC).[5]

Cost analysign our study was doria survivor and non-survivor groups. There were 5 categjofieospital
expenditure that were observed, they were: Cost Hositailc8, Cost Medical Service, Cost Medical Item, Cost
Diagnostic Service, Cost Medical Therapy. Among thepermditure categories, median cost of medical therapy
was the lowest cost that should be paid by the patitatisywed by cost medical service. In survivor group, the
highest expenditure was spent by the category of cost &lspitvice. Whereas in non-survivor group, cost
medical item consumed the most of the expenditure, agedinvith cost hospital service and cost diagnostic
service, and subsequently cost medical service andneatital therapy.

Cost Hospital Service consisted of the cost of ismhatioom specific for COVID-19, medical device
installation like ventilator, High Flow Nasal Canula (HEN Continuous Renal Replacement Therapy (CRRT),
Haemaodialysis, syringe pump, infusion pump, monitory&xrporeal Membrane Oxygenation (ECMO), oxygen
consumption, administration cost, and admission cogt.aVeragef hospital service cost survivor group was
$1314 and $1376 in non-survivor group. Renal Replacement Thg&&Ty was needed to dispose excess fluid
in bloodstream, as well as switching solutes like toxinsalso essential substances like potassium, calcium,
chloride, bicarbonate of body fluid with the dialysaten&ally, there were 3 types of RRT: (1) Intermittent
Haemaodialysis (IHD), (2) Peritoneal Dialysis (RB) Continuous Renal Replacement Therapy (CRRT) AK]]
was commonly seen in severe and critical COVID-19 pttissho were taken care in ICU RSUD Dr. Soetomo
Surabaya. This coulthe acquired because the severe manifestation that ceflpdis. Patients withKI
complication needed the CRRT to filtrate continuoush2fhours, so that it could maintain the haemodynamic
of the patients. CRRT was not foumdevery centrén Indonesia, and the price of CRRT instalment was relgtive
expensive. In our centre, CRRT cost for Rp 13.950.000, - ($962xdbr @ay, consisted of facility cost of Rp
10.089.000,- ($695) and service cost of Rp 3.861.000, -($266,3). Extracbilpfe&zupport (ECLS) aimed to
return the impaired respiratory function by maintainingg@nation and adequately eliminati@@,. Some types
of ECLS were: (1) Extracorporeal Lung Axis (ECLA), (2) Extrgmweal Membrane Oxygenation (ECMO), (3)
Extracorporeal Carbon Dioxide Removal (ECOO2R), and (4) Extraeab€ardiopulmonary Resuscitation
(ECPR).[13] ECMO use was increased in year 2009 and 2010 for thgenagrat of porcine flu (due to HIN1
virus).[14] Nowadays, ECMO utilization also helps COVID-19 pasiesith severe cardiopulmonary problems
in which no conventional therapy could help. Working gipte of ECMO is like Cardiopulmonary Bypass
(CPB), so practical that allows the exchange of gases otiteidmdy in a longer duration. ECMO utilization in
our centre cost for Rp 70.832.350,-($18678) on the first dayeanite cost for Rp 20.790.000,-($1434), it cost
Rp 7.822.000,-($539%r the facility cost and Rp 3.861.00266)for the service cost on the next days.

Cost Diagnostic Service consisted of radiographic sergitecal pathology service, clinical microbiology
service, blood bank service of blood type test anddofmacks reservation. An average cost of $1181 in survivor
group compared to $1322 in non-survivor group of mechaniealfilated patients. Cost Medical Therapy
consisted of invasive treatments like intubation, ineertf Central Venous Catheter (CVC), utilization of
ECMO, utilization of CRRT, instalment of Arterial Bldd’ressure (ABP) and surgical procedures as indicated.
Average cost of medical therapy of survivor group was $51,8%fendverage of $65.56 was spent in non-
survivor groupof mechanically ventilated COVID-19 patients.

Cost Medical Item consisted of patients’ medications, disposable items (infusion set, syringes, electrodes,
urine catheter, CVC, suction, ABP, set ventilator, cartriBGA, mucous extractor, and protective medical
equipment). Mechanical ventilation had a big contributiorthi hospital cost. A study from Saudi Arabia
demonstrated a significant high cost expensed from gahamically ventilated COVID-19 patients compared to
those who were not mechanically-ventilated ($2990s@2082.65, respectively).[15] Our study showed a lower
average of direct medical cost among the mechanicatifilated patients, they were $1145,5 in survivor group
and $2353,8 in non-survivor group (p=0.003). A study from Cleas} €021)[16] demonstrated that shorter
lengthof stayin ICU could effectively improve hospital expenditure, morepl@xer service cost increase daily
ICU cost effectivity. Avoiding yeardf life lost makes ICU more cost-effectiven the contraryin mechanically-
ventilated COVID-19 patients taken care in ICU, the aver&tfgedength of stay was not significantly different
between the survivor compared to the non-survivométhanically ventilated COVID9 patients, patients’
discharge outcome significantly associated with the &fpénse, especially for the medical item cost.
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5. Conclusion

There was a significantly different pattern of expenditcagegories that was spent by the survivors
compared to the non-survivor of severe and critical COV@patients who were admitted to ICU. The highest
expenditure that spent by the survivor group was the ditigraost, while non-survivor group spend mafshe
expenditure for medical item. Cost medical therapy wasothiest expenditure category spent both in survivor
and non-survivor group. Cost medical item, cost hospéalie, cost medical service became the most important
factors that influenced the total hospital expenditut€U and were correlated with th&U discharge outcome.
Non-survivor group spent more castoverall expenditure category.
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