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The current study was performed to develop a Diagnosis Related Group

(DRG) based casemix classiication for inpatients. We applied a cross-

sectional retrospective approach to categorize the inpatients based on their

diagnosis and procedures at King Fahd Central Hospital (KFCH) Jazan, Saudi

Arabia. Inpatient discharge data from 2018 was considered, and patients

were categorized based on the casemix system. During the study period,

12,979 patients were discharged from the hospital. Of these, 38% of

cases were related to surgical procedures, and 62% were treated under

different medical specialties. The maximum number of procedures (19.8%)

performed were under the Case-Mix Group (CMG) "O" (deliveries). The

highest number (22.2%) of inpatient medical cases were observed in CMG

"B" (pancreatic system). 269 DRGs from different severity levels were

assigned to patient cases, and among these maximum number of patients

(12.1%) were found under DRG "Other liver diseases-mild." We developed

the DRG casemix system and categorized the patients according to their

Casemix and services provided during their stay at the hospital. Patient

identiication and grouping based on the diagnosis and procedure is an

essential part of resource estimation process and can bring transparency

to the clinical practice. This study can potentially help public hospitals to

implement a DRG system for patient classiication.
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INTRODUCTION

Casemix deines a system in which patients are

classiied through a system that groups the patients

by using a predetermined factor. The patients are

grouped into more expressive and resource-identical

groups to deine the hospital health service product

(Hovenga, 1996; Turner-Stokes et al., 2012). The

casemix system can provide a clear picture of the

treatment cost for different groups and individual

patients. It has also become a universal measurement

tool to analyze differences in clinical practices (Aisbett

et al., 2007). All casemix systems use DRG to group

thepatients anddeine their products related tohealth

services (Hovenga, 1996; Matsuda, 2007).

DRG classiication system was developed in 1960 by

the Yale cater of Health studies to manage inpatient

resources (Averill et al., 1998). The objective of this

classiicationwas tomotivatehealthcareprofessionals

to use resources economically, document and relate

medical decisions, and deine hospital services by

diagnosis and procedures. DRG can classify patients

based on procedures, diagnosis, and other features

such as gender, age, and the severity of illness

(Gabinete et al., 2022; Rimler et al., 2015).

Saudi Arabia, one of the fastest-growing countries in

the Middle East, is transforming and restructuring

the healthcare system to cope with the healthcare

challenges (Alharbi, 2018; Johnston et al., 2015;

Khamsiriwong, 2018). The government is shifting

towards a social or national insurance-based system

and institutional privatization to solve healthcare

inancing challenges (Alkhamis, 2017). The patient

grouping based on DRG and cost estimation of the

speciic services provided to these groups during

their stay at the hospital are critical steps and

prerequisites for implementing the insurance system

and privatization in the healthcare sector (Mathauer

and Wittenbecher, 2012; Pujani and Handika, 2018).

In Saudi Arabia, recent studies were performed to

estimate the average cost of healthcare services

(Ghilan et al., 2021; Mehmood et al., 2021). However,

the patient classiication based on the DRG/casemix

system was not performed. This may be due to

the implementation issue related to the International

Classiication of Disease (ICD) classiication system

in hospitals. Only a few hospitals adopted this

classiication system at total capacity. Without the

ICD classiication system, we cannot standardize

the patient clinical data. If the clinical data are

not standardized, we cannot classify the patients

based on the diagnosis and procedures, known as

DRG. Casemix/DRG patient classiication system can

provide the base for deining the patient groups

and help approximate resource consumption (Bane,

2015; Lehtonen, 2007). The study was conducted at

KFCH Jazan, Saudi Arabia. The main objective was

to develop diagnosis-related groups for standardized

patient classiication, which would be helpful for the

resource estimation process since the standardized

procedure codes were unavailable and were assigned

manually.

METHODS

We considered one calendar year (2018) of inpatient

discharged data and applied a cross-sectional

retrospective approach to categorize the inpatients

based on their diagnosis and procedures, followed by

Zafar et al. (2005).

We developed DRG codes based on the already

available patient demographic and clinical data using

the standardized DRG software tool (UNU Open

Source). DRG software requires consistent data sets

in a standardized format, and the required data is

categorized as Minimum Data Set (MDS).

Demographic data included patient registration

number, age, gender, date of admission and discharge,

length of stay, and discharge status. Meanwhile,

the clinical data included the patient's diagnosis,

procedures, and intermediate services during hospital

admission. The hospital used a standardized

classiication system (ICD-10) to code the patient

diagnosis; however, standardized procedure codes

were unavailable and assigned manually. According

to the DRG software input ile format, we also coded

patient variables that required standardized coding

assignments before processing through the DRG

grouper software for DRG code generation. Figure

1 explains the low of patient information in the

hospital, considered to generate the DRGs.

147



Mehmood et al

Figure 1: Patient classiication

process

During the study period, 12,979 patients were

discharged from the hospital. Out of 12,979

discharges, 888 were excluded from further analysis

because of incomplete data, such as admission date,

gender, diagnosis, and procedures. We selected the

remaining 12,091 discharges for the DRG assignment.

After processing the input ile through DRG software,

we observed 492 error DRGs assigned to the patients

and excluded from further analysis. In the inal

analysis, 11,599 patients with complete data and

correct DRG codes were considered, as depicted in

Figure 2.

Figure 2: Patient selectionprocess

RESULTS

Among the 11,599 patients selected for the study,

5,015 (43.2%) were male, while 6,584 (56.8%) were

female. The highest number of discharges, i.e., 3,886

(33.5%), were from the pediatric ward, followed by

the gynecology ward with 2,632(22.7%) discharges.

The discharges from themedical, surgical, orthopedic,

neurosurgery, plastic surgery, and cardiac unit are

shown in Table 1.

Table 1: Distribution of inpatient discharges by ward

Wards Male Female Total %

Patients Patients Patients

Orthopedic ward 505 164 669 5.8

Medical ward 1,155 1,079 2,234 19.3

Gynecology ward -- 2,632 2,632 22.7

Surgical ward 733 604 1,320 11.7

Pediatric ward 2,038 1,848 3,886 33.5

Burn Unit 233 114 347 3.0

Neurosurgery ward 351 126 477 4.1

Total 5,015 6,584 11,599

We observed that 269 DRGs were assigned to patient

cases from different severity levels. Among these

269 DRGs, ive DRGs represented 40.3% of the

total patients that were DRGs "Other Liver diseases-

mild," "other factors inluencing health status-mild,"

"cesarean section," "vaginal delivery-mild," and "c

connective tissue diseases-mild."

The highest number of patients (12.1%) were

observed with DRG "other liver diseases – mild" in

the Pediatric ward. The second-highest number of

patients were also found in the Pediatric ward with

DRG "other factors inluencing health status – mild"

with 1226 (10.6%) patients. Table 2 contains the top

ten DRGs in different wards.

Table 2: Top ten DRG by ward

DRG Description Ward Total Patients %

Other Liver Diseases - Mild Pediatric 1396 12.1

Other Factors Inluencing Health Status - Mild Pediatric 1226 10.6

Cesarean Section - Minor Gynecology 806 6.9

Vaginal Delivery - Mild Gynecology 801 6.9

Connective Tissue Diseases - Mild Medical 448 3.9

Intraocular & Lens Operations - Minor Surgical 219 1.9

Tonsil & Adenoid Operations - Minor Surgical 202 1.8

Prepartum Diseases - Mild Gynecology 191 1.6

Other Factors Inluencing Health Status -Mild Gynecology 163 1.4

Urethral & Transurethral Operations -Minor Medical 145 1.3
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We categorized the patients based on CMG type.

We found that the highest number of patients were

from CMG type "4" (inpatient medical), with 6,767

(58.4%) patients. In contrast, CMG type' 1" (inpatient

procedure) had 3,180 (27.4%) patients, and CMG

type "6" (inpatient childbirth) had only 1,652 (14.4%)

patients, as shown in Table 3. We also observed 492

(4.4%) error DRGs assigned to patient cases.

Table 3: Distribution of patients by type of discharges

CMG Type Description Total patients %

1 Inpatient Procedure 3,180 27.4

4 Inpatient Medical 6,767 58.4

6 Inpatient Childbirth 1,652 14.4

We found 21 CMG assigned to patient cases. Out

of these, ive CMG represented 58.9% of the

total patients that were CMG "B" (hepatobiliary

& pancreatic system), "o" (deliveries), "z" (factors

influencing health status & other contacts with health

services), "m" (musculoskeletal system & connective

tissue), and "k" (digestive system).

We categorized the CMGs intomedical and procedural

groups and calculated procedural and medical case

percentages. We found that 4,413 (38.0%)procedures

were performed during the study period, while 7,186

(62.0%) inpatients'medical caseswere treated during

the same period.

Among the procedural category, the highest number

of procedures were performed under CMG "o"

(deliveries), with 19.1% of the total procedures. In

comparison, the highest number of inpatient medical

cases were from CMG "b" (hepatobiliary & pancreatic

system), with 22.2% of the total medical cases. The

detail of other inpatient procedures performed and

medical cases in each CMG are given in Table 4.

Table 4: Patient distribution by procedure performed andmedical cases

Case-Mix Main Groups (CMG) Inpatient Procedures % Inpatient Medical %

Infectious & Parasitic Diseases 0 - 112 1.6

Hepatobiliary & Pancreatic System 100 02.27 1,596 22.2

Myeloproliferative System & Neoplasms 0 - 4 0.1

Haemopoietic & Immune System 17 00.39 197 2.7

Endocrine System, Nutrition & Metabolism 49 01.11 233 3.2

Mental Health and Behavioral 0 - 5 0.1

Central Nervous System 200 04.53 359 5.0

Eye and Adnexa 311 07.05 28 0.4

Cardiovascular System 136 03.08 106 1.5

Respiratory System 51 01.16 295 4.1

Digestive System 599 13.57 233 3.2

Skin, Subcutaneous Tissue & Breast 217 04.92 178 2.5

Musculoskeletal System & Connective Tissue 654 14.82 597 8.3

Nephro-Urinary System 313 07.09 352 4.9

Deliveries 842 19.08 810 11.3

Injuries, Poisonings & Toxic Effects of Drugs 159 03.60 82 1.1

Substance Abuse & Dependence 0 - 4 0.1

Ear, Nose, Mouth & Throat 442 10.02 64 0.9

Male Reproductive System 137 03.10 59 0.8

Female Reproductive System 186 04.21 474 6.6

Factors Influencing Health Status & Other Contacts

with Health Services

0 - 1,398 19.5

We also analyzed the surgical and medical cases

separately in each ward. We observed the maximum

number of surgical cases in the gynecology ward,

with 25.5% of the hospital's total surgical cases. The

maximum number of medical cases was observed

in the pediatric ward, 49.2% of the hospital's total

medical cases.

DRG software also categorized the patients into

149



Mehmood et al

resource intensity/severity levels (I, II, III). The

resource intensity level was based on the number of

diagnoses and procedures performed. We observed

that most patients fall in severity level "I" (only one

diagnosis/procedure), with 11,200 patientswhowere

96.6% of the hospital's total cases.

DISCUSSION

Several Casemix systems have been developed in

different acute healthcare settings. However, the

main cornerstone of all these systems focused on

grouping the patients into homogeneous and clinically

coherent groups. Predicting resource usage by

considering the case-mix system ismainly determined

by casemix class, like DRGs (Hopfe et al., 2015).

While developing the DRG casemix system, several

challenges were identiied, such as the need for

standardized patient clinical data andmismatch in the

diagnosis and procedures. The hospital information

system only recorded the procedure description

without the standardized codes. We assigned the

standardized procedure codes based on primary and

secondary diagnoses. 48.9% of the total DRG errors

were due to "No CMG assignment." The error DRGs

could have been due to a need for trained clinical

coders and staff training. Another reason for error

DRGs can be attributed to the quality assurance and

auditing system gaps that do not focus on the data

entry and validation processes. Such issues were also

observed in prior studies that reported DRG coding

errors due to a higher mismatch between surgical and

diagnosis codes (Hof et al., 2017; Zairah et al., 2018).

Studies conducted in Iran and Australia reported 6%

and 0.2% error DRG after grouping. The reasons

for error DRGs associated with coding quality were

coding standards, lack of trained clinical coders, and

irrational use of the ICD-10 classiication system

(Ekanayake et al., 2019; Ghaffari et al., 2008). The

DRG coding error could impact the payment as the

patient had to pay almost twice the treatment cost.

Coding error caseswithin the surgical discipline could

be directly related to proit gains (Ekanayake et al.,

2019; Jackson, 2001; Zairah et al., 2018).

Our study observed patients with 659 different

DRGs from different severity levels from 21 casemix

groups. The highest number (14.6%) of patients were

admitted with casemix group "B" (hepatobiliary &

pancreatic system).

The percentage of surgical cases was 38.0%, and out

of that, the highest (19%) were performed under

casemix group "o" (deliveries) in the gynecologyward.

The second highest,14.8%, was under casemix group

"m" (musculoskeletal system & connective tissue).

Among themedical cases,most of thepatients (49.2%)

were treated under casemix group "b" (hepatobiliary

& pancreatic system) in the pediatric ward. These

results can be compared with the study conducted in

Iran, where the surgical DRGs represented 37.4% of

the total cases while medical DRGs were 61.9% of the

total grouped cases (Ghaffari et al., 2008).

We observed that 97% of the cases were at severity

level "I." It shows that the treated patients were not

resource-intensive, diagnosed with one disease, and

had one surgical procedure. Each severity level needs

different services to treat the patient's condition,

contributing to a different resource requirement. The

selection of comorbidities during treatment is highly

dependent on the treating physician and, later, the

medical coding that is also directly related to resource

consumption. By ensuring the medical coding and

high-quality data collection, we can characterize the

accurate costing for casemix patients (Zhaoxin et al.,

2014).

One of the study's limitations was that we only

considered the inpatient data as it is more complex

and critical than the outpatient data since about 75%

of hospital resources are consumed by inpatients

(Shepard et al., 2000).

CONCLUSION

In this study, we developed the DRGs codes for the

patient cases, and to our knowledge, it was a novel

study in Saudi Arabia. DRG/case-mix system is an

excellent patient classiication tool that can enhance

the quality and eficiency of health care services.

By classifying the patient based on DRGs, we can

bring transparency to the clinical practice. After

the DRG development, we have a clear picture of

patient cases treated in the hospital. These cases can

be systematically related to the resource utilization

and estimation of the unit cost variations in clinical

practice.

This practice can inluence themanagement decisions

while admitting the patient, considering different
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treatment options and length of stay in the hospital.

This study presents opportunities for public hospitals

to implement a DRG system for patient classiication,

which can be further used to allocate resources and

estimate costs. Nevertheless, we need to establish

a sound health information system that promptly

provides standardized data to implement this system.
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Hof S, Fügener A, Schoenfelder J, Brunner JO; 2017.

Case Mix Planning in Hospitals: A Review

and Future Agenda. Health Care Management

Science, 20(2):207-220.

Hopfe M, Stucki G, Marshall R, Twomey CD, U stün TB,

Prodinger B; 2015. Capturing patients’ needs

in casemix: A systematic literature review on

the value of adding functioning information in

reimbursement systems. BMC Health Services

Research, 16(1):1-17.

Hovenga E; 1996. Casemix and information systems.

Health Informatics, 27:2-24.

151

https://bit.ly/3h2XE5a
https://bit.ly/3h2XE5a


Mehmood et al

Jackson T; 2001. Using computerised patient-

level costing data for setting DRG weights: The

Victorian (Australia) cost weight studies. Health

Policy, 56(2):149-163.

Johnston KM, Osenenko KM, Qatami L, Donato BMK,

Alsheikh-Ali A, Binbrek A, et al.; 2015. Health

care resource utilization and costs in individuals

with atrial ibrillation in United Arab Emirates

and Kingdom of Saudi Arabia: A retrospective

cohort study. International Journal of Internal

Medicine, 4(2):17-25.

Khamsiriwong CNLPNTKSSJW O; 2018. Survey of

health services satisfactions from NCD patients

in Thailand. Journal of Advances in Health and

Medical Sciences, 4(3):79-85.

Lehtonen T; 2007. DRG-based prospective pricing

and case-mix accounting—exploring the

mechanisms of successful implementation.

Management Accounting Research,

18(3):367-395.

Mathauer I, Wittenbecher F; 2012. DRG-based

payments systems in low-and middle-income

countries: Implementation experiences and

challenges. Geneva, Switzerland: World Health

Organization.

Matsuda S; 2007. Casemix as a tool for transparency

of medical services. The Japanese Journal of

Social Security Policy, 6(1):1-11.

Mehmood A, Ahmed Z, Ghilan K, Damad A, Azeez

FK; 2021. Inpatient case-mix cost vs average

cost for health care services in King Fahd

Central Hospital, Saudi Arabia: A comparative

study. INQUIRY: The Journal of Health Care

Organization, Provision, and Financing,

58:63-79.

Pujani RS V Hardisman, Handika RF; 2018. The

readiness study of e-health adoption among

regional public hospitals: An empirical study in

Indonesia. International Journal of Health and

Medical Sciences, 4(2):40-47.

Rimler SB, Gale BD, Reede DL; 2015. Diagnosis-

related groups and hospital inpatient

federal reimbursement. Radiographics,

35(6):1825-1834.

Shepard DS, Hodgkin D, Anthony YE; 2000.

Analysis of hospital costs: A manual for

managers. Geneva, Switzerland: World Health

Organization.

Turner-Stokes L, Sutch S, Dredge R, Eagar K;

2012. International casemix and funding

models: Lessons for rehabilitation. Clinical

rehabilitation, 26(3):195-208.

ZafarA, RohaizatM,MuhdNurA, Aljunid S; 2005. The

development of cost centres for case-mix costing

in a teaching hospital in Malaysia. Malaysian

Journal of Public Health and Medicine, 5:23-34.

Zairah S, Nur AM, Puteh SEW, Aljunid SM; 2018.

Potential loss of revenue due to errors in

clinical coding during the implementation of

the Malaysia Diagnosis Related Group (MY-

DRG®) Casemix system in a teaching hospital

in Malaysia. BMC Health Services Research,

18(1):1-11.

Zhaoxin W, Rui L, Ping L, Jiang C, Mo H; 2014. How

tomake diagnosis related groups paymentmore

feasible in developing countries-a case study

in Shanghai, China. Iranian Journal of Public

Health, 43(5):572-586.

152


