Deliverable D1A: Preliminary statistical analysis of causal relationships used in a set of death certificates from Italy 

Background 

In 2019 ICD11 will be presented to the WHO and with its approval ICD11 will become the new standard for coding diseases and health problems. In mortality, the ICD coding is performed with the use of automated coding systems, mainly Iris. It is necessary to assess the needs for transitioning Iris to ICD11 before engaging in a full implementation project. This evaluation project will serve that need.
The core component of Iris are the decision tables, which are based on ICD10 codes. For the transition of Iris to ICD11, it will be necessary to translate the decision tables and to allow them to include all the features of the new revision.
This report illustrate the preliminary analysis performed in order to identify main quality gaps in the tables, priority area for starting the translation, and evaluation of efforts needed.

Decision tables
The decision tables are a tool used during the selection of the underlying cause of death according the rules of the ICD of the World Health Organization (WHO). They are central to the function of mortality automated coding systems but they are also used in manual coding, allowing a consistent and harmonized application of the ICD rules. 
The decision tables form a knowledge base of relations between pairs of codes (representing the causes of death reported on the death certificate) that must be taken into consideration during the application of the steps for the selection of the underlying cause. This knowledge base was first developed by the NCHS (US National Center for Health Statistics) for the ACME system (ACME tables). Successively it has been embedded in the new automated coding system Iris and, since 2011, the Iris Institute maintains the tables according the WHO official updates of the ICD and on the basis of the recommendations of groups of international experts, namely the Mortality Reference Group, which operates in the network of the WHO collaborating centers for the Family of International Classifications (WHO-FIC)[footnoteRef:1]. The tables have evolved together with the Iris software and currently include new functions compared to the original version. [1:  For more details see: Navarra S, Cappella M, Johansson LA, Pelikan L, Frova L, Grippo F. Decision Table Editor: a web
application for the management of the international tables for mortality coding. Istat working papers 6/2016. (available online https://www.istat.it/it/archivio/184113) ] 

In practical terms the decision tables are a list of possible kind of relations between pairs of codes. The pair of codes is formed by an address code, or simply “code” indicated as CA and a subaddress code (or subcode) indicated as CS linked together by a relation. In each step of the selection of the underlying cause of death, in fact, it is necessary to evaluate if between two codes a given kind of relation exists. The different kinds of possible relations useful during selection are referred to as “rules-types”. For each given rule-type the tables list all possible pairs of codes interested by such relation (“rules”). As an example, one of the most used rule-types in the selection of the underlying cause is the “due to”, used in steps called SP3, SP4 and SP5. In these steps it is necessary to evaluate if the sequence reported by the physician on the death certificate (in part 1) corresponds to a causal sequence where each element of the sequence, a condition coded into an ICD code, can be considered due to the successive. The tables contain all possible pairs of codes for which a causal relation may exists. In particular, for each code the list of codes[footnoteRef:2] to which the first one could be due to is provided. This latter list referred to as subcodes of the first code, for the rule-type due to. [2:  The first code in tables rules is also referred to as “address”.] 

In table 1 the list of the existing rule-types is provided, with the indication of the steps of the selection where they are applied[footnoteRef:3]. Moreover the number of occurrence of each rule-type in the tables is shown, i.e. how many pairs of codes this rule-type actually refers to. The codes (addresses) and subcodes are generally presented as spans of ICD codes (for instance I600-I64 DUETO C000-C969), nevertheless, if all these spans are resolved we can count the relations between pairs, i.e. the actual number of rules included. The most represented rule-type is the DUETO, with more than 29 million records.  [3:  For more retail see: Information about the coding rule types for mortality coding with Iris (available at www.iris-institute.org)
] 

The second most represented are the DS and DSC, including more than 2 million records. These rule-types are applied in step SP6, a very important step for the quality of the underlying cause selected.

Table 1. Description of the rules included in the decision tables, with the indication of the steps of the underlying cause selection in which each rule is used and number of pairs of codes involving that rule in the tables
	Rule
	Description
	Step of selection rule
	Number of relations between single codes (a)

	
	
	
	

	DUETO
	Due to
	SP3-SP5
	29.289.498

	
	
	
	

	DS
	Direct Sequel
	SP6
	2.026.631

	DSC
	Direct Sequel with Combination
	
	17.257

	
	
	
	

	IDDC
	Ill-defined in Due to with Combination
	SP7
	2.250

	IDMC
	Ill-defined with mention with combination
	
	127

	
	
	
	

	LDC
	Linkage in Due to with Combination
	M1
	50.682

	LDP
	Linkage in Due to with Preference
	
	6.194

	LMC
	Linkage with Mention with Combination
	
	31.608

	LMP
	Linkage with Mention with Preference
	
	36.697

	
	
	
	

	SDC
	Specificity in Due to with Combination
	M2
	5.504

	SMC
	Specificity with Mention with Combination
	
	1.513

	SMP
	Specificity with Mention with Preference
	
	46.830

	 
	 
	 
	 


(a) 2019 edition.

Refinement of relations in decision tables 
The tables are based on the provisions of the ICD. For instance the due to present in the tables are the formalization of instructions of the ICD where sequences to be accepted and to be rejected are described[footnoteRef:4]. Nevertheless, the tables are formed by ICD codes, and ICD provisions or instructions do not always refer to specific codes. An example where codes are involved in the rules is the following: [4:  Paragraph 4.2.3 Special instructions on accepted and rejected sequences (Step SP3 and SP4). WHO, ICD10 volume 2, fifth edition 2016.] 

“Accept a Fall (W00–W19) as due to a Disorder of bone density and structure (M80–M85) or as due to a (pathological) fracture caused by a Disorder of bone density and structure (M80–M85)”.
On the other hand, some instructions are more general, and the formalization used in the decision tables has become a standard for the mortality classification. An example of general instruction is the following:
“Do not accept an atherosclerotic condition as due to a neoplasm”.
In this case it is more complex to list the codes that classify “arteriosclerotic” conditions. In addition there are codes that include arteriosclerotic conditions together with other diseases. In this case, the tables represent the standard in use for the application of these provisions or instructions.
Being not based on a clear list of codes, these instructions can be subject to interpretation and, as a consequence, the way they have been formalized in the tables can generate discussion or disagreement. 
Discussions have been carried out also at international level, where a subgroup of the Mortality Reference Group discusses issues found during coding. One of the major source of discussion is the discordance between the sequences reported by physicians on death certificates and the rules included in the tables. 

Objectives 
In summary, the aims of this report are:
· to evaluate the most frequently reported pairs of codes in cause of death data in order to provide a prioritization scale of parts of the tables to be translated; 
· focusing on the due to relations, highlight the most significant causal relations reported by physicians and compare the findings with the information included in the tables.

[bookmark: _GoBack]Analysis of relations between ICD10 codes observed in part 1 of death certificates

Data used for this analysis consist in death certificates of all deaths occurred in Italy in 2016, coded according to ICD10 (2016 edition) by means of Iris (version 5.4 with MUSE tables specV2017SR23). In particular, the multiple cause string stored in the Iris database Ident, variable ACMEcodes, was used. This string contains ICD10 codes referring to all conditions reported on the death certificate with the indication of the position of each code on the death certificate. 
We focused on part 1 of certificates, with the aim of identifying the associations between codes and if a causal order between them is preferred by certifiers. We eliminated duplicated codes, giving preference to the code in the lowest line. Z-codes were not considered for the analyses as they are not included in decision tables.
Statistical analyses were performed using the software SAS Studio (Release: 3.6 Enterprise edition).

Analysis of jointly mentioned ICD10 codes in part 1
For each ICD10 code, the frequency of mentions in part 1 was computed. 
The analysis of jointly mentioned ICD10 codes in part 1 refers to the study of pairs of codes both mentioned on a certificate in part 1, independently from their positions. For each possible pair of codes, we computed the frequencies of certificates mentioning both codes, in order to highlight the pairs of codes most reported by physicians. We estimated the significance of the association between the two codes by means of 2X2 contingency table (table 2) representing the distribution of death certificates by code-mention.

Table 2. Contingency table for the analysis of associations
	
	
	Code 2
	

	
	
	
	

	
	
	Mentioned
	Not mentioned
	

	Code 1
	Mentioned
	A
	B
	A+B

	
	Not mentioned
	C
	D
	C+D

	
	
	A+C
	B+D
	N



Cell A represents the frequency of certificates mentioning (in part 1) both codes 1 and 2, cell B the frequency of certificates in which code 1 is mentioned and code 2 is not mentioned, cell C the frequency of certificates in which code 1 is not mentioned and code 2 is mentioned, and cell D the frequency of certificates without both codes. N represents the total number of certificates. 
For each possible pair of codes the correspondent contingency table was studied. On the basis of the table, for each cell, expected frequencies were computed by the product of marginal frequencies divided by the total (i.e. for cell A: [(A+B)*(A+C)]/N), then the chi-square test and the relative p-value at significance level α=0.05 were calculated, to evaluate if there is a significant difference between the observed frequencies and the expected ones. For each possible pair of codes we evaluated if it is mentioned on certificates significantly more than expected (the frequency of certificates reporting both the codes – cell A of table 2 - is higher than expected and the chi-square test highlights a statistically significant association), if it is mentioned on certificates significantly less than expected (the frequency of certificates reporting both the codes is lower than expected and the chi-square test highlights a statistically significant association), or if there is not a significant difference between observed and expected frequencies (chi-square test highlights a not significant association).

Analysis of “due to” relations between ICD10 codes reported in part 1
To explore due to relations between two codes, we took into account also the “direction” of the relations (i.e. the causal order indicated by physicians) on certificates mentioning both codes in part 1. In certificates jointly mentioning two codes (CA and CS) we define that CA  is in due to position respect to CS if CA is mentioned on a higher line than CS. For each pair of codes (CA and CS) we calculated the frequency of certificates mentioning CA due to CS on the total number of certificates jointly mentioning the pair. Afterwards, we compared this observed frequency with the expected one calculated as follows. In certificates jointly mentioning two codes (CA and CS) in part 1, they can be reported in three different ways: CA on a higher line than CS, CA on a lower line than CS, or on the same line. We assumed that these three events have equal probability to occur:
· in 1/3 of certificates mentioning both the codes in part 1 CA is on a higher line than CS; 
· in 1/3 of certificates mentioning both the codes in part 1 CA is on a lower line than CS;
· in 1/3 of certificates mentioning both the codes in part 1 CA and CS are on the same line.
Therefore, we expect that in 1/3 of certificates CA is in due to position respect to CS, and in 2/3 of certificates it is not in due to position respect to CS (null hypothesis). For instance, in case of independence, if I46.9 and G12.2 are jointly reported on 30 certificates, we expect that that in ten of them I46.9 is in due to position respect to G12.2, and in the other twenty it is not. We tested the null hypothesis by means of a chi-square test at significance level α=0.05. The analysis allowed to evaluate if CA is reported in due to position respect to CS significantly more or less than expected.
We define positive due to relation between two codes (CA and CS) when the frequency of certificates reporting CA in due to position respect to CS is significantly higher than expected. On the contrary, negative due to relation is when the frequency of certificates reporting CA in due to position respect to CS is significantly lower than expected.
For the relations statistically significant, we also compared the results obtained with the decision tables (2019 version), evaluating if there is concordance or discordance between the results and the decision tables. 
We state that for a pair of codes there is “concordance” between the results and the decision tables if between the two codes: 
· there is a positive due to relation and the due to  is accepted according to the tables or
· there is a negative due to relation and the due to is not accepted according to the tables. 
We state that there is “discordance” between the results and the decision tables if:
· there is a positive due to relation and the due to is not accepted according to the tables or
· there is a negative due to relation and the due to is accepted according to the  tables. 

Frequencies of codes and pairs of codes reported in part 1 of death certificates
In 2016, in Italy, 618,083 death certificates were collected, of which 617,946 with at least one code mentioned in part 1. Overall, physicians have mentioned 3,650 different ICD10 codes in part 1 of certificates, for a total of 2,063,646 codes, not including Z-codes. It means that in average 3.34 codes were mentioned in a certificate and 3.08 lines per certificate were filled. The ten most frequent codes (mentioned in more than 30,000 certificates) are reported in table 3. Table 4 shows the ten codes most frequently selected as underlying cause of death in the certificates analyzed. 

Table 3. Ten most mentioned ICD10 codes in part 1 of certificates, in 2016 in Italy
	ICD10 code
	Disease
	Number of mentions

	I46.9
	Cardiac arrest, unspecified  
	173,742

	I51.9
	Heart disease, unspecified  
	71,784

	C80.9
	Malignant neoplasm, primary site unspecified  
	67,423

	J96.9
	Respiratory failure, unspecified
	64,702

	I25.9
	Chronic ischaemic heart disease, unspecified
	38,496

	I10
	Essential (primary) hypertension
	37,261

	R09.2
	Respiratory arrest
	35,284

	C34.9
	Malignant neoplasm: Bronchus or lung, unspecified  
	34,098

	R54
	Senility
	33,713

	R68.8
	Other specified general symptoms and signs
	32,460



Table 4. Ten most ICD10 codes selected as underlying cause in certificates, in 2016 in Italy
	ICD10 code
	Disease
	Number of mentions as underlying cause

	C34.9
	Malignant neoplasm: Bronchus or lung, unspecified  
	30,532

	I10
	Essential (primary) hypertension
	28,062

	I25.9
	Chronic ischaemic heart disease, unspecified
	22,080

	I11.9
	Hypertensive heart disease without (congestive) heart failure
	15,714

	I51.9
	Heart disease, unspecified  
	15,022

	R54
	Senility
	12,009

	C50.9
	Malignant neoplasm: Breast, unspecified
	11,580

	J44.8
	Other specified chronic obstructive pulmonary disease
	11,399

	I46.9
	Cardiac arrest, unspecified  
	11,393

	F03
	Unspecified dementia
	11,303



We computed the frequencies of all possible pairs of ICD10 codes mentioned in part 1 of death certificates. According to this analysis, on Italian death certificates 148,211 distinct pairs are mentioned, regardless of mention order. The five most mentioned pairs of codes are reported in table 5.

Table 5. Five most reported pairs of codes in part 1 of certificates, in 2016 in Italy
	Pair of ICD10 codes
	Number of certificates mentioning the pair

	Code 1
	
	Code 2
	

	I46.9
	Jointly reported with
	I51.9
	20,808

	I46.9
	Jointly reported with
	J96.9
	16,670

	I46.9
	Jointly reported with
	I25.9
	13.843

	I46.9
	Jointly reported with
	I10
	13,131

	C79.9
	Jointly reported with
	C80.9
	12,275



Table 6 shows an extract of the results of the analysis of due to relations. Here the order of reporting of codes is taken into account. For each pair of codes the absolute and relative frequencies of certificates mentioning the two codes in due to position (CA due to CS) and the cumulative relative frequencies are reported. Only some examples of pairs of codes are shown in the table. It is interesting to note that the 4 most frequent pairs jointly mentioned (table 5) are also the 4 pairs most frequently reported in due to position; it means that these pairs are in the majority of cases reported in a specific causal order. 

Table 6. Some examples of pairs of codes reported in due to position, in 2016 in Italy
	Order number
	Pair of ICD10 codes
	Number of certificates mentioning CA due to CS
	Relative frequency (%)
	Cumulative relative frequency
(%)

	
	CA
	
	CS
	
	
	

	1
	I46.9
	Due to
	I51.9
	20,226
	0.754
	0.754

	2
	I46.9
	Due to
	J96.9
	15,995
	0.597
	1.351

	3
	I46.9
	Due to
	I25.9
	13,573
	0.506
	1.857

	4
	I46.9
	Due to
	I10
	12,864
	0.480
	2.337

	5
	C80.9
	Due to
	C34.9
	11,617
	0.433
	2.770

	…
	…
	
	…
	…
	…
	…

	92
	K729
	Due to
	K746
	2,845
	0.106
	18.347

	93
	I46.9
	Due to
	C50.9
	2,816
	0.105
	18.452

	94
	C809
	Due to
	C679
	2,709
	0.101
	18.553

	95
	C787
	Due to
	C509
	2,700
	0.101
	18.654

	…
	…
	
	…
	…
	…
	…

	5,032
	R570
	Due to
	I472
	70
	0.003
	72.428

	5,033
	R572
	Due to
	A090
	70
	0.003
	72.431

	5,034
	R578
	Due to
	B182
	70
	0.003
	72.433

	…
	…
	
	…
	…
	…
	…

	
	
	Total
	2,681,223
	100
	 



From the list of pairs of codes reported in due to position ordered by decreasing frequency we generated the figure 1. On the X axis the order number is presented (first column of table 6), while on the Y axis the cumulative frequency is shown (last column of table 6). The figure is useful for estimating the amount of due to relations to be translated from ICD10 to ICD11 for reaching a given target of completeness of the translation of all the possible due to relations reported on death certificates. As an example, if we need to translate 95% of all due to relations actually reported on death certificates we will need to handle the most frequent 60 thousand pairs (red line on figure 6). We can estimate the average number of pairs in due to position on each death certificate as the ratio between the total number of possible pairs in due to position (2,681,223) and the total number of certificates with part 1 filled (617,946), resulting in 4.3 pairs per certificate. 

Figure 1. Cumulative percent of frequency of pairs of codes in due to position
[image: ]

Significance of joint reporting
The results of the analysis of associations between codes in part 1 are shown in figure 2, where only significant associations are plotted. Codes are represented on the axes following their alphabetical order, and each point on the graph represents the association between the code on the X axis with the code on the Y axis.  Of the total amount of pairs reported on death certificates, about half resulted significantly associated according to the chi-square test (52.7%, corresponding to 78,061 pairs). Of these, 60,173 resulted to be jointly reported in part 1 more frequently than expected, this situation represents a positive association. On the other hand, 17,888 of the pairs resulted to be reported together less frequently than expected, i.e. when physicians report one code of the pair, the other is unlikely to be reported; this situation represents a negative association. In the left graph of the figure (blue color) significant positive associations are plotted, in the right graph (grey color) negative ones. The two graphs are symmetrical since on both axes all the codes reported on death certificates are represented.
From the figure 2 it is not possible to highlight a clear pattern of associations between groups of codes. The nature of associations between conditions on the death certificates is indeed complex and can depend on different aspects such as causal relations or compresence due to accumulation in the same person of chronic diseases. Hence, the analysis of associations should be performed on single codes and not on groups of them.
Nevertheless, this analysis is the basis for the evaluation of causal relations, we in fact focused on pairs that are actually associated in part 1.

Figure 2. Significant associations between codes jointly reported in part 1 
[image: ]

Significance of causal relations
For the pairs that resulted significantly associated, we analyzed the causal relations, i.e. due to relations, taking into account the position of codes. In total we observed 120,346 significantly associated pairs. Of these 16% are reported in due to position significantly more than expected and 7% are reported in due to position less than expected. For the majority of pairs (77%), chi-square test results not significant. 
For pairs reported in due to position significantly more or less than expected, we compared the results with decision tables. Table 7 and figure 3 show the results of this comparison. Among the 27,566 pairs, 82% (22,690 pairs) show concordance with the tables: in particular, 16,890 pairs of codes were reported in due to position more than expected and the correspondent due to relation is accepted according to the tables (blue points in figure 3) and 5,800 pairs were reported in due to position less than expected and the correspondent due to relation is not accepted according to the tables (violet points in figure 3). Focusing on the pairs of codes for which there is discordance between results and tables (4,876 pairs), 2,355 were significantly more mentioned by physicians in due to position than expected but are not included in decision tables (red points in figure 3); on the other hand, 2,521 pairs were reported on certificates in due to position significantly less than expected, but the correspondent due to relations are accepted according to the tables (green points in figure 3).

Table 7 – Comparison between results and decision tables for pairs significantly jointly reported and reported in due to position significantly more or less than expected
	
	
	Relation accepted according to decision tables
	

	
	
	
	

	
	
	Yes
	No
	

	Due to mentions
	More than expected
	16,890
	2,355
	19,245

	
	Less than expected
	2,521
	5,800
	8,321

	
	
	19,411
	8,155
	27,566



Figure 3. Pairs significantly jointly reported and reported in due to position significantly more or less than expected, by type of comparison with decision tables
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In figures 4 and 5 cases of discordance between results and decision tables are represented. 
Among pairs reported in due to position significantly  more than expected but not included in the tables (figure 5) it is possible to highlight different situations:
1. in some cases the clinical relation may exist but the classification explicitly provides not to accept the due to, for instance cancers due to some risk factors or viral diseases;
2. wrong reporting by certifiers such as:
a.  well defined diseases are reported as due to symptoms or ill-defined condition, such as stomach cancer reported due to gastritis; 
b. chronological order preferred over causal order such as COPD due to hypertension;
3. different clinical stages, such as neoplasm of unspecified behavior causing malignant neoplasm; 
4. diseases due to a very similar disease (diagonal in the graph).
One of the due to relation most frequently reported in Italian data is cancer cachexia (C80.9) due to secondary neoplasm and this is not accepted according to the decision tables. According to this evidence in the data, the decision to classify cancer cachexia among symptoms and signs in ICD11 seems appropriate.
Another frequent case is senility (R54) reported as due to many other conditions. This indicates that the mention of senility on the certificates should be seen as a synonym of “general frailty” and should be accepted as due to other conditions.
Other cases are represented by Cardiovascular disease, unspecified (I516), generally used to code the expression “cardiovascular decompensation”, often reported as due to other conditions. According to the tables, instead, the code I516 is not accepted as due to other diseases. 
As a summary, in the annex A.1 the list of most frequent pairs found on Italian death certificates is shown with the indication of the frequency of joint reporting and due to reporting. For the positive due to relations not found on decision tables, annex A.2 presents the list of addresses (codes on the left side of the relations, i.e. due to others) and In annex A.3 a similar table is provided summarizing the list of subcodes. This is an indication of the most frequent codes presenting discordance with the decision tables.
On the other hand, some pairs of codes are reported in due to position significantly less than expected (figure 6),  nevertheless the tables accept the correspondent due to relation. Some examples are:
1. infectious diseases due to general conditions (such as Clostridium difficile reported due to enterocolitis, sepsis); 
2. specific diseases due to symptoms and signs;
3. diseases due to complications of surgical and medical care.
The summary statistics for these cases are shown in annex A.4.

	Figure 4. Pairs significantly jointly reported and reported in due to position significantly more than expected in discordance with tables
	Figure 5. Pairs significantly jointly reported and reported in due to position significantly less than expected in discordance with tables

	[image: ]
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Analysis by age
Some codes and some relations can vary depending on the age of the decedent. Codes related to perinatal and neonatal mortality are not observed in a sufficient number on the general dataset of deaths. For this reason, we focused on deceased in the neonatal period (<28 days) and we created a dataset with 3,078 cases of the years 2014-2016. 
In figure 6, the results of the study for the codes of chapter XVI Certain conditions originating in the perinatal period (P00-P96) and XVII Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) are presented. 
It would be recommendable to conduct the analysis by age groups. We propose to consider the following age classes: below 1 year, 1-19 years, 20-44 year, 45-64 years, 65 years and above.

Figure 6. Analysis of causal relations (due to) in neonatal deaths
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Preliminary analysis on obvious consequences 
Within rule-types included in decision tables, DS (direct sequel) and DSC (direct sequel with combination) are the second most frequent. These are applied at step SP6 when the tentative starting point selected with preceding steps can be considered an obvious consequence of another condition mentioned on the death certificate. The prioritization of obvious consequences is respectively: first, codes on the same line of the tentative starting point are checked (from left to right), then codes in successive lines below (from left to right), and lastly in part 2 (from left to right).
We define that two codes (CA and CS) are in “obvious consequence” position when CS is found on the same line, below or in part 2 compared to CA. For the analysis of the most significant obvious consequence relations included in the data, also part 2 must be considered. Since the obvious consequence rules are used in the selection process step SP6, our methodological approach takes into account only codes that in part 1 can be potentially selected as tentative underlying cause according to selection steps SP1-SP4. For this purpose we developed a SAS program which eliminates from part 1 all codes that can be considered in acceptable due to relations with others; we considered a due to relation as accepted if it is included in decision tables (2019 version). On the dataset obtained, with part 1 “cleaned”, we calculated the significance of associations on the remaining codes, according to the previously described methodology. We define two codes (CA and CS) in a significant obvious consequence relation if: they are positively associated in part 1, i.e. they are jointly reported on death certificates more than expected; CA is reported in part 1 as due to CS more than expected; they are positively associated also when the association is evaluated on the new dataset with part 1 cleaned.
The results of this analysis are presented in figure 7. The majority of the obvious consequences reported on certificates are actually included in the tables; many of those not included are close to the diagonal of the figure, which indicates that most of them are covered by specificity rules. Other cases missing in the tables are:
· association of sepsis (A41.9) with some conditions, some of which very unspecified, such as infection unspecified (B99), anemia and other blood conditions, endocarditis and vessels diseases;
· pulmonary embolism (I26.9) with some neoplasm, blood clothing conditions and injuries;
· conditions in J80-J90 with some other conditions.
The described approach can highlights associations between conditions taking into account also part 2. Nevertheless, the results should be examined from a clinical standpoint, since from this analysis it is not possible to determine the direction of association, as done for the causal relations. Other limits of this analysis are that due to relations included in the present version of  the tables are used for the elimination of the conditions in part 1; however, as previously highlighted, the decision tables could be not complete or completely correct. Moreover, for the application of the described method, individual data are necessary, and therefore it cannot be extended to all countries.

Figure 7. Pairs significantly jointly reported as obvious consequence, by agreement with tables
[image: ]

Created codes
The decision tables contain some codes not belonging to the ICD10, but useful for better performing the underlying cause of death selection process. Actually, for some ICD10 categories the diagnostic information provided by the ICD10 code is not sufficient for a correct selection of the underlying cause. Further information might be needed, for example on the location of the disease or on other circumstances that are not captured by the ICD10 code alone. For example, both acquired cardiomyopathy and hereditary cardiomyopathy in ICD10 are coded to I42.9. To evaluate a statement, reported on a death certificate, that cardiomyopathy was due to another condition, the coding systems needs to know whether the condition was specified as acquired or hereditary. If it was specified as hereditary, then the stated sequence is not accepted. If it was specified as acquired, however, then the sequence is accepted. For the most common conditions where such additional information is needed, decision tables use created codes. Created codes are subdivisions of the ICD10 code that do not exist in the international version of ICD10. Some examples of created codes are reported in table 8.

Table 8. Examples of created codes
	Basic code of ICD10
	Subdivision codes

	A16.9
	A16.90 – Tuberculosis, unspecified, not described as respiratory or pulmonary

	
	A16.99 – Tuberculosis, unspecified, described as respiratory or pulmonary

	I42.0
	I42.00 – Dilated cardiomyopathy, described as familial, idiopathic or primary

	
	I42.09 – Dilated cardiomyopathy, not described as familial, idiopathic or primary

	I60.0
	I60.00 – Subarachnoid haemorrhage from carotid siphon and bifurcation, not caused by ruptured aneurysm

	
	I60.09 – Subarachnoid haemorrhage from carotid siphon and bifurcation, caused by ruptured aneurysm



Not being part of the ICD10, these codes are not included in the mapping tool of WHO from ICD10 to ICD11 and the correspondence between the concepts from ICD10 to ICD11 must be derived for the tables translation. In order to correctly translate decision tables, we verified if created codes could be translated in ICD11.
Using mappings and ICD11 online browser, we checked if the two concepts represented by each pair of created codes is represented by two different entities in ICD11 or if they can be appropriately described in ICD11 by other means. 
For each pair of created codes, possible scenarios are: 
· the two codes can be translated in ICD11 with two different stem codes;
· one code can be translated in ICD11 with a stem code, while the other one can be translated adding an extension code linkable to the stem code by postcoordination;
· one code can be translated in ICD11 with a stem code, while the other one could be translated adding an existing extension code, not linkable to the stem code in the present version of ICD11; these cases can be easily solved allowing the linkage between the stem code and the extension code by postcoordination;
· both codes are mapped in ICD11 to the same stem code.
For pairs of codes mapped in ICD11 to the same stem code, we checked in which rules of decision tables the two ICD10 created code are involved. If the two codes are involved in the same rules, it will be possible to translate them in ICD11 with the same stem code, otherwise it will be necessary to evaluate if and how to represent the two concepts in ICD11. The summary of the created codes analysis is presented in annex A.5.

Collecting data from other Countries
As mortality patterns can vary among countries, as well as certification practices, it would be interesting and useful to the scope of the project do not limit the analysis to Italian data. Therefore data from other countries can be included in the analysis. 
As a first step, we are asking data to Core Group countries which are available to and interested in provide data for the study. For this purpose we provide to interested countries instructions for providing data for analyses. For countries which can provide individual data we prepared a template (annex A.6) describing all variables needed. Countries that cannot provide individual data according to their legislation, but use Iris or can produce a multiple cause string, can provide summary statistics. The summary statistics requested can be obtained as the output of a SAS program (annex A.7) which will be provided by the Italian team. The analysis performed on the summary statistics are limited compared to those performed on individual data. In particular, the analysis of obvious consequences can be performed only if individual records are available.
As a further step, we would like to include in the analysis also data from some middle or low income countries. These data would be very useful for the study as mortality patterns in these countries could be very different from those in developed countries.
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