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Abstract: This study aims at highlighting and illustrating innovative actions for achieving and/or improving 

accurate medical coding within a DRG system. Already grouped DRG cases recorded in the first DRG 

implementation year in the region of Crete were examined. A sample of 130,000, from a total of 200,000, cases 

were analyzed and audited, through a process consisting of three stages: i) Digitalization, ii) Auditor training, 

and iii) Control & consultation. The results indicated that a significant proportion of DRG coding, with a length 

of stay exceeding one day, were reclassified into different DRG categories. This was not primarily due to errors 

in the selection of the principal diagnosis, but resulted from coding errors, including omission of secondary 

diagnoses coding, medical procedures that should have been included and utilization of less specific codes. 

The findings indicate that medical coding control, consulting services and the adoption of targeted actions can 

be instrumental for proper implementation of the DRG coding system, and for ensuring transparent allocation 

of resources within hospitals. Ultimately, this shortens the coding learning curve, from four years typically 

reported in the international literature, to a more efficient duration of two years, leading to rational and 

documented clinical and financial management of hospitals. 

Keywords: diagnostic related group; coding; health systems; efficiency; activity based funding; innovation; 

digital platform; artificial intelligence 

 

1. Introduction 

Optimizing funding for in-patient care has been crucial for the Greek healthcare system [1]. In 

2011, Greece launched a new hospital reimbursement system, KEN, inspired by the DRG (Diagnosis 

Related Groups) concept. However, limitations arose due to absence of: i) proper medical 

classifications suited for a case mix system, ii) an automated DRG grouping tool, and iii) a process 

for cost adjustments. These limitations resulted in the KEN-system proving initially inadequate to 

provide fair and objective budget allocation among hospitals within the health system [2-4]. 

Established by 2014 legislation the Greek DRG Institute, known as the National Center for 

Documentation and Costing of Hospital Services, hereinafter referred to as “KETEKNY”, and initially 

known as ESAN S.A, is an independent, self-governing body with a core mission to implement a fair 

and transparent system for hospital service costing and reimbursement. KETEKNY's central goal is 

to create an integrated system for scientifically-based costing and compensation of hospital care in 

Greece. This approach aims at promoting an evidence-based healthcare system, ensuring that 

resources are allocated efficiently. KETEKNY initially signed a License Agreement with the German 

limited liability company InEK GmbH to secure the rights to implement a DRG system in Greece, 

modelled after the German system. Since then, the Greek DRG system has been updated in two major 

revisions in 2019 and 2021. KETEKNY, drawing on best practices from around the world, focuses on 

developing, implementing, monitoring, and updating a Diagnosis-Related Group (DRG) patient 

classification system. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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In January 2021, the University General Hospital of Heraklion (PAGNI) was selected by 

KETEKNY to be the first to adopt the Greek DRG system because it covers a vast majority of hospital 

specialties and services. A Joint Ministerial Decision rendered by the Ministries of Health, Finance 

and Labor & Social Affairs was signed on 07/04/2021, which enabled PAGNI to apply the Greek DRG 

system coding guidelines on all inpatient cases and initiate the adaptation and/or provision of 

financial data. After another Joint Ministerial Decision on December 24, 2021, the rest of the hospitals 

in the healthcare region of Crete began applying the Greek DRG system coding guidelines to all 

inpatient cases. Subsequently, all the hospitals within the health region of Macedonia, as well as eight 

other hospitals throughout Greece, began applying the Greek DRG system following one more Joint 

Ministerial Decision on November 28, 2022. The remaining public hospitals, and three non-profit, 

private law legal entity (Papageorgiou General Hospital, Onassis Cardiac Surgery Center and 

Santorini General Hospital) applied the Greek DRG system after a final Joint Ministerial Decision 

December 21, 2023. 

The implementation of a DRG system in a country raise concerns about the accuracy of medical 

coding [5]. Since the quality of hospital discharge data has a significant impact on the allocation of 

cases to the DRG system, it is crucial to understand the relationship between case mix and accurate 

medical coding [6]. Personnel training, monitoring quality standards, and setting clear standards and 

practical guidelines are aspects that should be taken into consideration at this stage of 

implementation. Countries like France addressed this challenge by further developing DRGs to 

control hospital activity and ensure medically appropriate care [7]. This study aims at highlighting 

and illustrating alternative actions which can be implemented for achieving and/or improving 

reliable medical coding. 

2. Materials and Methods 

The concerns for medical coding accuracy, in parallel to the installation and reinforcement of 

medical coding control mechanisms in the phase of full implementation of the new DRG system, 

forced KETEKNY to develop a special digital platform to support a previously conducted audit 

project for medical coding, which was co-funded by the EU & the Greek Government, and was 

expected to highlight any problems in the coding of an incident, capturing the medical information 

contained in the patient's medical file, based on the Greek Coding Guidelines. 

Τhe implementation of the project included current situation analysis, assessment of needs, 

development of a platform, auditing, analysis of results and training of healthcare professionals in 

the Clinical Coding of incidents by the DRG coding system.  

During the project, the already grouped DRG cases from the first year of implementation in the 

region of Crete were examined. A sample of 133,922 cases, out of a total of 200,000, were analyzed 

and audited. The audit process consisted of the following stages: 

Digitalization: The Greek DRG Institute developed a digital platform to support auditing, 

which resulted in the establishment and strengthening of medical coding control mechanisms. This 

intervention aimed to identify and address any discrepancies between the coding of a patient's 

medical record and the allocated DRG coding, based on the Greek Coding Guidelines. The platform 

boasts a highly sophisticated architecture. Data flows seamlessly directly from hospitals, and through 

secure connections, to KETEKNY's specialized grouper software and. On a single, user-friendly 

interface, the platform presents two key data sources: 

• Data from the grouper software which analyzes and classifies hospital medical coding data 

collected directly from hospitals' coders. 

• Individual patient medical files which provide comprehensive patient information for a holistic 

view. 

This consolidated view empowers auditors to efficiently conduct controls by having all relevant 

information readily available on a single screen. Furthermore, the platform offers a range of user-

friendly functionalities surrounding this core function: 

• Easy-to-use browsing menus for efficient navigation 

• Ability to make corrections and add notes for improved clarity 
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• Feature to assign statuses to cases for better organization 

• Option to schedule meetings with therapists or physicians for further clarifications 

These features streamline the auditing process and facilitate effective communication with 

medical personnel, all while maintaining the highest standards of data privacy. The platform is built 

upon a foundation of data anonymization and strict adherence to GDPR regulations. 

 

Figure 1. Print screen from the digital platform. 

Auditors training: A team of highly skilled auditors underwent specialized training in medical 

coding according to the DRG classification system, conducted by experts from the Greek DRG 

Institute. 

Control & consultation: Performed by specialized auditors, on a randomly selected sample of 

cases. The objectives of this processes were: 

• to verify the accuracy of the classification of incidents in DRG, 

• to ensure completeness, in accordance with the information obtained from the patient's medical 

file, 

• to assess whether coding adheres to the Greek Coding Guidelines, 

• to promptly address phenomena of under- and overcoding, which are identified in the 

international literature and are addressed through ongoing training for coders, 

• to enhance and streamline the process of medical recordkeeping, objectively showcasing the 

work performed by each hospital, to promote fair resource allocation within the healthcare 

system. 

Ultimately, this shortens the coding learning curve, from four years typically reported in the 

international literature, to a more efficient duration of two years, leading to rational and documented 

clinical and financial management of hospitals. The audit platform and the results of the provision of 

medical coding control and consulting services will be used for the correct implementation of the 

DRG system by ensuring the quality of medical coding and the documented distribution of available 

resources in hospitals. These implemented actions can include highly targeted training sessions, for 

example focusing on the most frequent mistakes or errors. Additionally, interventions can be made 

that address both user experience and the medical file itself, potentially including the adoption of 

new, sophisticated rules or restrictions. Finally, prediction models can be adopted to suggest more 

accurate codes and schedule periodic controls. The flowchart in Figure 2 illustrates the flow of the 

total process. 
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Figure 2. The flow of the total process. 

3. Results 

The final report included a comprehensive analysis of the data obtained from the digital audit 

platform. This analysis occurred in two phases: the main audit project phase and a second phase 

focused on re-controlling a subset of cases for verification. The audit results were analyzed based on 

the following main categories of findings reflected in the digital audit platform: 

1. Fully correct (accepted / no findings) 

2. With coding changes 

a. Incomplete or incorrect coding of diagnoses 

• Incorrect primary diagnosis coding 

• Incomplete or incorrect coding of secondary diagnoses 

b. Incomplete or incorrect coding of medical procedures 

3. With observations 

• Incomplete input documentation 

• Incomplete file 

• Insufficient coding documentation 

• Absence of practice 

• Absence of secondary diagnoses 

• Absence of information note 

• Absence of medical procedures 

• Absence of history 
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• Other 

A complete analysis of a sample coded by the coders of the Hospitals of the Crete Healthcare 

Region indicated that 26.29% of the sample had no coding errors and was fully correct. 51.94% of the 

cases had observations and 21.76% of the overall sample required coding changes in the initial phase 

of the audit (Figure 1). An interesting finding was that only 6.7% of the 9,022 cases had their DRG 

code changed. The remaining cases (93.3%) had their original DRG codes unchanged. Of the cases 

changed, 13.91% remained within the same DRG group, but were assigned a code for more complex 

cases. 

 

Figure 3. Audit results of all cases based on three main categories of findings. 

The analysis revealed discrepancies in various coding categories across cases. In more detail, 

6.61% of the cases had a different primary diagnosis, 27.63% had a different secondary diagnosis, 

17.62% had a different medical procedure and 0.75% had a different category regarding the 

pathological and surgical sector. Finally, 29.19% of the incidents reviewed were labelled as 

"Incomplete File" whereas 30.70% had absence of medical notice and practical surgery. 

Regarding the re-checks phase, out of 46,762 re-checks reviewed by the project team's medical 

examiners, it was found that in 21.8% of the sample there were no findings and the coding was 

deemed correct, whereas 52.1% of the incidences resulted in observations, and 26.1% resulted in 

coding changes. Furthermore, 6.8% of the cases had a different primary diagnosis, 23.2% had a 

different secondary diagnosis, and 18.3% had a different medical procedure. Finally, 32.47% of the 

incidents reviewed were labelled as "Incomplete File", while 39.27% of the cases had absence of 

medical notice and practical surgery. 

DRG-based payment systems can potentially reduce the LOS [8]. Technological advancements 

also contribute to shorter LOS, as exemplified by minimally invasive procedures leading to faster 

healing and discharge times [9]. However, the analysis excluded cases with a one-day LOS, which 

are typically less complex, simplifying medical coding for primary, secondary diagnoses and medical 

procedures. A second analysis was conducted for cases with a Los longer than one day. Among these 

cases, which represent 41.82% (56,009) of the total sample, 19.26% had no coding errors, 37.75% had 

some observations requiring further investigation, and the remaining 42.99% required coding 

changes (Figure 4). 
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Figure 4. Audit results of all cases based on the 3 main categories of findings (LOS > 1 day). 

The analysis revealed that cases with a LoS exceeding one day were nearly twice as likely to 

require coding changes, compared to total cases and three times more than the ones with LOS equal 

to one (Figure 5). The analysis revealed that 12.35% of DRG codes required changes. This is a 

significant finding, as it represents a nearly two-fold increase compared to the overall case analysis. 

Among the changed codes, 16.72% remained within the same DRG group, possibly due to minor 

coding adjustments. More significantly, 90.92% of the DRGs which remained in the group resulted 

in upgrades to higher-valued DRGs, suggesting increased resource utilization or case complexity. 

The remaining 9.75% of changes involved downgrades to lower-valued DRGs, which may indicate 

coding errors that initially attributed a higher acuity level than was accurate. 
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Figure 5. Percentage of status of Total Case vs Cases with LOS > 1 day vs Case with LOS = 1. 

A significant analysis finding is the presence of discrepancies in coding categories across cases 

in comparison with the total sample (Figure 6). Notably, 11.40% of cases had a different primary 

diagnosis, 19.26% had a different secondary diagnosis, and a substantial 26.54% involved a different 

medical procedure code. Interestingly, discrepancies within the pathological and surgical partition 

category were much lower at only 1.60%. The above finding highlights the importance of auditing 

the primary diagnosis and the medical procedure of the cases that have LOS longer than one day. 

 

Figure 6. Percentage of status of Total Case vs Cases with LOS > 1 day vs Case with LOS = 1. 

To further support the findings regarding the relationship between DRG codes requiring 

changes, and a LoS exceeding one day, a chi-square test of independence was performed to assess 

the significance of the association between these two categorical variables. Crosstabulation was used 

to visualize this relationship (Table 1). 

Table 1. Crosstabulation - DRG Change vs LoS (% of Total). 

Length of Stay 

  Cases with LoS > 1 day Cases with LoS = 1 day Total 

DRG Change No 36.7% 56.6% 93.3% 

Yes 5.2% 1.6% 6.7% 

Total  41.8% 58.2% 100.0% 

To test the hypothesis that LoS influences medical coding, resulting in cases requiring DRG code 

changes. The Pearson chi-square test was yielded a chi-square value of 4824.574 and a p-value of 

<0.001 (Table 2), which suggests that DRG code changes is likely dependent on LoS, particularly for 

stays equal to one day and exceeding one day. 

Table 2. Chi-Square Tests for checking association of LoS = 1 and LoS > 1 regarding DRG code 

changes. 

 Value df Asymptotic Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square 4824.574a 1 .000   
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Continuity 

Correctionb 

4823.039 1 .000   

Likelihood Ratio 4861.607 1 .000   

Fisher's Exact Test    .000 .000 

Linear-by-Linear 

Association 

4824.537 1 .000   

N of Valid Cases 133922     

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 3773.19; b. Computed only for 

a 2x2 table. 

Taking the analysis a step further, the relationship between LoS exceeding one day and DRG 

code changes across different hospitals was examined (Table 3). It can be concluded that there is a 

statistically significant association between hospitals and DRG code changes (Table 4), which 

suggests a need for more targeted and tailored actions to be implemented at hospital level. 

Table 3. Crosstabulation - Hospital vs DRG Change (% of Total). 

  DRG Change  

  No Yes Total 

Hospital Hospital 3 21.2% 3.5% 24.7% 

 Hospital 2 15.2% 1.9% 17.2% 

 Hospital 4 2.3% 0.2% 2.5% 

 Hospital 5 2.5% 0.1% 2.6% 

 Hospital 6 6.2% 0.7% 6.8% 

 Hospital 1 2.9% 0.4% 3.4% 

 Hospital 7 0.5% 0.0% 0.6% 

 Hospital 8 36.8% 5.5% 42.2% 

Total  87.7% 12.3% 100.0% 

Table 4. Chi-Square Tests for checking the association. 

 Value df Asymptotic Sig. (2-sided) 

Pearson Chi-Square 227.591a 7 <.001 

Likelihood Ratio 270.451 7 <.001 

N of Valid Cases 56009   

a. 0 cells (0.0%) have expected count less than 5.The minimum expected count is 39.14. 

Results also indicated that a significant proportion of DRGs were reclassified by the auditors 

into different DRGs, with most being recoded to higher cost weighted DRGs. This reclassification 

could lead to a substantial increase in hospital revenue. To investigate how hospital revenue was 

affected, we examined whether the DRG assignment after the audit improved or worsened revenue 

to the same extent for all hospitals. The ordinal DRG change data (unchanged, improved, worsened) 

was categorized for each hospital and compared using non-parametric tests. 

The Kruskal-Wallis H test revealed a statistically significant difference (χ2(2) = 40.005, p < .001) 

in how DRG changes impacted revenue across hospitals. The mean rank scores were: Hospital 1 

(28021.35), Hospital 2 (27907.02), Hospital 3 (28114.06), Hospital 4 (27869.66), Hospital 5 (27723.48), 

Hospital 6 (27817.84), Hospital 7 (27532.99), and Hospital 8 (28041.62). Since the null hypothesis of 

the Kruskal-Wallis test was rejected, indicating an overall difference, it was proceeded with Dunn's 

test for non-parametric pairwise multiple comparisons to identify which hospitals have statistically 

different outcomes in revenue change (results are illustrated on Figure 7). 
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Figure 7. Pairwise Comparisons of Hospitals. 

Considering cases with a LoS exceeding one day, the primary errors stemmed from various 

coding issues. These issues included omitting secondary diagnoses and medical procedures that 

should have been coded, and using overly general codes. Analyzing and comparing cases with a LOS 

exceeding one day underscores the importance of targeted analysis and action based on different 

patient segments. This is because the results can vary significantly when examined from different 

perspectives. Beyond LOS, analysis could be further conducted by hospital, clinic, major diagnostic 

category, admission type, and other relevant factors. 

4. Discussion 

These findings form this study indicate that the provision of medical coding control and 

consulting services can be instrumental in the proper implementation of the DRG classification 

system, by fostering accurate medical coding and ensuring transparent allocation of resources within 

hospitals. The main actions that can be regulated and adopted for the proper implementation of the 

DRG system might include correct and complete entry of all medical data into the electronic medical 

record to ultimately retrieve correct information, as well as correct coding of all necessary medical 

information. By classifying patients into DRGs based on their condition, hospitals can improve the 

accuracy of medical records and ensure they are receiving appropriate reimbursement, ultimately 

leading to higher quality healthcare [10]. 

In Greece, the DRG system has been connected to the majority of public hospitals' digital patient 

files. This in itself is an opportunity for the coding software to be further developed to do more than 

suggest codes or prevent coder errors through pre-programmed rules and edits based on official 

coding manuals. It can also be developed to check the assigned diagnosis and procedure codes for 

accuracy [5]. Initial rules and restrictions have been implemented, such as preventing coders from 

making errors based on age/sex, and prohibiting assistance in the coding process using "balloons" 

(which likely refers to prompts or suggestions). It can also be further developed to identify potential 

coding errors. This could involve a coding and validation process that checks for missing codes or 

incorrect code combinations. 

Additionally, by applying coding logic, the software could highlight cases where a certain 

procedure wouldn't typically be performed for a specific diagnosis, prompting the coder to review 

the case in real-time. A coding system like this could be implemented by checking the medical 
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materials used during a hospitalization and the invasive medical procedures performed. For 

example, if medical materials are used, but no corresponding medical procedure is coded, the 

software would prevent the case submission until the medical procedure is documented. 

Furthermore, analyzing the data can lead to more sophisticated methods for adding value to coding 

quality. This includes filtering data, adding rules and improving user experience of medical data 

records. For instance, adding DRG information to the home page of medical records can provide a 

solid foundation for both a comprehensive evaluation of DRG effectiveness and improvements in 

overall medical quality [11]. 

Deep learning and artificial intelligence techniques can also be used to develop DRG prediction 

models for accurate identification of primary diagnosis, secondary diagnosis, and medical 

procedures. The platform serves as a core component of the data analysis architecture for DRG 

prediction. Utilizing deep supervised learning approaches, it can assess the quality and completeness 

of the database. Additionally, the platform can enforce the creation of labeled datasets for both 

training and testing phases. These deep learning models measure their accuracy using a loss function 

and adjust their weights until the error is minimized sufficiently [12-13]. Studies have shown that 

deep learning models can achieve high accuracy in predicting DRGs' primary diagnosis. 

Implementing an automated DRG coding system based on these models could help reduce incorrect 

coding, leading to increased hospital revenue, fairer allocation of medical resources, and improved 

hospital performance [14-15]. 

Another important action that can be adopted is the organization of post-audit training of coders 

(physicians) who must know what findings were made, be aware of miscoding, and adhere to the 

rules of DRG coding. KETEKNY has already organized the first presentation of this finding and plans 

to further adapt it. In the Greek DRG system, physicians currently handle the coding of cases. While 

this allows them to describe each incident in greater detail and more consistently, surveys indicate 

that many hospitals are hesitant to transition entirely to specialist coders [16]. Customized and 

targeted training is suggested, with material that is enriched by the results of the audits with coding 

quality [17]. These trainings can be highly targeted and adaptive to small group training when 

necessary - Sometimes post-test training is effective at a large group level, but sometimes it still needs 

to be one-on-one to maximize effectiveness. 

This project should be viewed as groundwork for future activities such as implementation of a 

permanent sample control process through the KETEKNY platform, with a selection of cases under 

medical and other criteria from cases of all Greek hospitals, in order to ensure to the greatest extent 

possible, correct recording of hospitalization data both in the medical file and in Grouper, ensuring 

the matching of the cases to the correct DRG. One strategy that could be adopted is to scale audit 

frequency based on past performance in medical coding. Hospitals with a strong track record would 

undergo fewer audits, while those with lower performance would be subject to more frequent audits. 

Currently, the KETEKNY platform connects directly with the hospitals' electronic patient files. It 

complies with GDPR regulations and aims to expand this direct connection to the rest of the Greek 

healthcare region. Concurrent implementation of all the above actions, alongside with the already 

assignment of responsibility for the Gr-DRG system to an independent, self-governing body, can 

achieve a clear strategic objective: optimal resource allocation among all hospital care providers in 

Greece. This approach would also support the establishment of clear standards and practical 

guidelines, with all the necessary legal and policy support.  
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