Methods for identifying sepsis cases and calculating risk adjusted sepsis mortality 
We developed and tested 30-day and inpatient sepsis mortality measures for Maryland hospitals. For this work we addressed the research objectives: finding the most accurate method of identifying sepsis cases, specifying categories of sepsis cases are useful to report, determining how sepsis mortality can be estimated using methods similar to the inpatient and 30-day mortality measures used in Maryland’s Quality Based Reimbursement (QBR) program.
Data and Methods
We used inpatient data from the 2021 to 2023 period. We used analytic files created for the 30-day mortality measure, which includes information about post-discharge mortality as well as inpatient mortality and the diagnostic information needed to identify sepsis cases.
We compared specifications for sepsis based on APR-DRGs and ICD-10 diagnosis codes in the first 30 positions. We made comparisons based on frequency and mortality of included and excluded cases
The 3 options we considered were: 1) identification based on APR-DRG; 2) identification based on ICD-10 codes for sepsis; 3) identification based on ICD-10 codes for sepsis and confirmed by ICD-10 codes for organ dysfunction.
The Sepsis and organ dysfunction definition is based on the Dombrowsky method[footnoteRef:1] which was applied in AHRQ’s recent publications.[footnoteRef:2] Sepsis diagnosis codes are also used in AHRQ’s surgical infection Patient Safety Indicator. [1:  Singer M, Deutschman CS, Seymour CW et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-810.
]  [2:  Owens PL, Miller MA, Barrett ML, Hensche M. Overview of Outcomes for Inpatient Stays Involving Sepsis, 2016–2021 Statistical Brief #306 | April 2024. Roemer M, Zodet M, Esselman D, Sheng M. State Variation in Inpatient Stays Involving Sepsis, 2021 Statistical Brief #310 | September 2024. 
] 

APR-DRG: DRG codes 710, 720 or 721
Sepsis diagnosis codes: see appendix 1
Sepsis + Organ Dysfunction: see appendix 1 and 2[footnoteRef:3] [3:  This organ dysfunction list includes severe sepsis and post-procedural septic shock, which are not included in AHRQ’s implementation, and which exhibit lower mortality than other organ dysfunction codes.] 

We used present on admission codes to distinguish sepsis that was identified during the course of the stay and not found to be present on admission. These cases are identified as healthcare associated infections (HAI). The logic was that if any sepsis diagnosis was principal or indicated coded as POA=Y, W or E (Yes, POA; POA status not clinically ascertainable; or exempt from POA coding), sepsis was considered POA and not HAI. 
Results
Results for 2022 are presented in the table below. Results for other years are similar.
	APRDRG
	ICD
	HAI
	N
	Inpatient Mortality
	30-day Mortality

	No
	No
	NA
	249,042
	1.2%
	2.1%

	Yes
	No
	NA
	657
	0.6%
	1.2%

	No
	Sepsis
	No
	3,320
	14.6%
	15.5%

	No
	Sepsis
	Yes
	1,244
	42.8%
	37.9%

	Yes
	Sepsis
	No
	21,404
	11.5%
	13.7%

	Yes
	Sepsis
	Yes
	6
	33.3%
	16.7%

	No
	Sepsis+OD
	No
	2,729
	17.5%
	18.3%

	No
	Sepsis+OD
	Yes
	1,184
	44.9%
	39.8%

	Yes
	Sepsis+OD
	No
	17,330
	14.2%
	16.7%

	Yes
	Sepsis+OD
	Yes
	5
	40.0%
	20.0%



The leftmost column indicates whether discharges meet the sepsis definition, the next indicates whether they contain ICD codes for sepsis or for the combination of sepsis and organ dysfunction. The third column indicates whether a sepsis code was present on admission. If no sepsis code is present on admission, the infection is considered HAI.
We found that the APR-DRG and sepsis diagnosis definitions were comparable in identifying stays with a principal diagnosis of sepsis. Most cases with ICD codes for sepsis present on admission were identified by APRDRG codes (fifth row), about 86.5 percent. However, cases identified by APRDRG and not by ICD codes, shown in the second row, had very low mortality, lower than mortality for cases with no indication of sepsis.
Most cases with sepsis not POA were not identified using APR-DRGs (row 4 compared to row 6). Both inpatient and 30-day mortality are higher for healthcare associated sepsis, which is rarely identified using APRDRGs, than for sepsis POA.
The addition of the requirement of organ dysfunction eliminates cases with sepsis diagnoses and relatively low mortality and is only possible when ICD codes are used. The mortality for cases with sepsis and organ dysfunction is higher than for sepsis diagnosis alone both for cases identified by APRDRG and those that are not. The proportion of cases with Sepsis POA and organ dysfunction identified by ICD codes and not APRDRG (rows 7 and 8) is similar to the proportion with sepsis diagnoses alone.
For these reasons we recommend using ICD codes to identify sepsis, and that the ICD definition including organ dysfunction be considered definitive. We recommend that mortality be reported for cases with a diagnosis of sepsis alone and also for sepsis with organ dysfunction.
Software modifications
We used these definitions to modify software for the inpatient and 30-day QBR mortality measures.
We found that inpatient mortality code could easily be modified to produce mortality specifically for sepsis patients. The results could be presented for all cases with a sepsis diagnosis, and those with both sepsis and organ dysfunction. The latter would be broken down into HAI and POA cases. 
A table shell for inpatient mortality results is shown below.
	Hospital
	Statistic
	All
	Sepsis
	Sepsis + Org Dys
	Of which: POA
	Of which: HAI

	24001
	N
	
	
	
	
	

	
	Mortality
	
	
	
	
	

	
	O/E
	
	
	
	
	

	24002
	N
	
	
	
	
	

	
	Mortality
	
	
	
	
	

	
	O/E
	
	
	
	
	



A report producing these breakdowns can be generated from the output of the QBR inpatient model from either the baseline or performance period. Code for the inpatient mortality model containing revisions is attached. Key revisions are highlighted. The code generates output for a model estimated over all cases, sepsis cases and sepsis cases with organ dysfunction (1_RY20_QBR_ Mortality and C1_RY20_QBR_Mortality). Output from any of these three models can be used. Code that extracts from output data sets of the inpatient mortality model the elements of a report from this shell is also included.
We found that a 30-day mortality model for sepsis cases could not be estimated over most individual service lines because of convergence problems arising from the relatively small number of sepsis cases. We developed an alternative version estimated over a single surgical and single non-surgical service line. The results can be presented overall or separately for the surgical and non-surgical categories. We revised 30-day mortality code to produce results overall and for the sepsis cases broken down into surgical and non-surgical service lines.
A table shell for 30-day mortality results is beliw.
	Hospital
	Statistic
	All
	Sepsis
	Sepsis + Org Dys
	Of which: POA
	Of which: HAI

	24001
	Total N
	
	
	
	
	

	
	Total Mortality
	
	
	
	
	

	
	Total O/E
	
	
	
	
	

	
	Surgical N
	
	
	
	
	

	
	Surgical Mortality
	
	
	
	
	

	
	Surgical O/E
	
	
	
	
	

	
	Non-surg N
	
	
	
	
	

	
	Non-surg Mortality
	
	
	
	
	

	
	Non-surg O/E
	
	
	
	
	



The attached code is a modified version of code for the QBR 30-day mortality measure, that generates results for both sepsis cases and for sepsis cases with organ dysfunction for the two service lines described above. Key modifications to the QBR code needed to generate these results are highlighted (Step3_RiskAdj_MortalityRate). Code for generating report elements is also included. Although that code produces results broken down by HAI and non-HAI (haiserviceline). O/E results for those categories should not be reported because the modified 30-day code does not generate separate hospital effects for HAI and non-HAI. The report code also shows how overall results for the surgical and non-surgical service lines can be generated from output data sets produced for the QBR measure.



Appendix 1 Sepsis Codes
	R6521 Severe sepsis with septic shock

	T8112XA Postprocedural septic shock, initial encounter

	R6520 Severe sepsis without septic shock

	A021 Salmonella sepsis

	A207 Septicemic plague

	A227 Anthrax sepsis

	A267 Erysipelothrix sepsis

	A327 Listerial sepsis

	A392 Acute meningococcemia

	A394 Meningococcemia, unspecified

	A400 Sepsis due to streptococcus, group A

	A401 Sepsis due to streptococcus, group B

	A403 Sepsis due to Streptococcus pneumoniae

	A408 Other streptococcal sepsis

	A409 Streptococcal sepsis, unspecified

	A4101 Sepsis due to Methicillin susceptible Staphylococcus aureus

	A4102 Sepsis due to Methicillin resistant Staphylococcus aureus

	A411 Sepsis due to other specified staphylococcus

	A412 Sepsis due to unspecified staphylococcus

	A413 Sepsis due to Hemophilus influenzae

	A414 Sepsis due to anaerobes

	A4150 Gram-negative sepsis, unspecified

	A4151 Sepsis due to Escherichia coli [E. coli]

	A4152 Sepsis due to Pseudomonas

	A4153 Sepsis due to Serratia

	A4154 Sepsis due to Acinetobacter baumannii

	A4159 Other Gram-negative sepsis

	A4181 Sepsis due to Enterococcus

	A4189 Other specified sepsis

	A419 Sepsis, unspecified organism

	A427 Actinomycotic sepsis

	A5486 Gonococcal sepsis

	B377 Candidal sepsis

	O0337 Sepsis following incomplete spontaneous abortion

	O0387 Sepsis following complete or unspecified spontaneous abortion

	O0487 Sepsis following (induced) termination of pregnancy

	O0737 Sepsis following failed attempted termination of pregnancy

	O0882 Sepsis following ectopic and molar pregnancy

	O85 Puerperal sepsis

	O8604 Sepsis following an obstetrical procedure

	P360 Sepsis of newborn due to streptococcus, group B

	P3610 Sepsis of newborn due to unspecified streptococci

	P3619 Sepsis of newborn due to other streptococci

	P362 Sepsis of newborn due to Staphylococcus aureus

	P3630 Sepsis of newborn due to unspecified staphylococci

	P3639 Sepsis of newborn due to other staphylococci

	P364 Sepsis of newborn due to Escherichia coli

	P365 Sepsis of newborn due to anaerobes

	P368 Other bacterial sepsis of newborn

	P369 Bacterial sepsis of newborn, unspecified

	T8144XA Sepsis following a procedure, initial encounter



Appendix 2 Organ Dysfunction Codes
	A39.1

	D65

	D69.59

	D69.6

	D69.8

	D69.9

	E87.2

	E872.0

	E872.1

	E872.2

	E872.9

	E87.4

	F05

	F06.0

	F06.1

	F06.2

	G62.81

	G72.81

	G93.40

	G93.41

	G93.6

	G93.82

	G93.9

	G96.81

	G96.810

	G96.811

	G96.819

	G96.89

	I46.8

	I46.9

	I95.1

	I95.89

	I95.9

	J80

	J96.00

	J96.01

	J96.02

	J96.20

	J96.21

	J96.22

	J96.90

	J96.91

	J96.92

	J98.01

	J98.9

	J99

	K59.81

	K72.00

	K72.01

	K72.90

	K72.91

	K76.2

	K76.3

	K76.7

	M35.81

	N17.0

	N17.1

	N17.2

	N17.8

	N17.9

	N19

	R00.0

	R00.1

	R03.1

	R06.0

	R06.00

	R06.03

	R06.09

	R06.82

	R06.89

	R09.02

	R09.2

	R40.0

	R40.1

	R40.20

	R40.211x

	R40.212x

	R40.213x

	R40.221x

	R40.222x

	R40.223x

	R40.224x

	R40.231x

	R40.232x

	R40.233x

	R40.234x

	R40.235x

	R40.242x

	R40.243x

	R40.244x

	R40.3

	R57.0

	R57.1

	R57.8

	R57.9

	R65.21

	T81.12XA

	R65.20
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