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Abstract
Purpose Timely and accurate data on the epidemiology of sepsis are essential to inform policy decisions and research 
priorities. We aimed to investigate the validity of inpatient administrative health data (IAHD) for surveillance and quality 
assurance of sepsis care.
Methods We conducted a retrospective validation study in a disproportional stratified random sample of 10,334 inpatient 
cases of age ≥ 15 years treated in 2015–2017 in ten German hospitals. The accuracy of coding of sepsis and risk factors for 
mortality in IAHD was assessed compared to reference standard diagnoses obtained by a chart review. Hospital-level risk-
adjusted mortality of sepsis as calculated from IAHD information was compared to mortality calculated from chart review 
information.
Results ICD-coding of sepsis in IAHD showed high positive predictive value (76.9–85.7% depending on sepsis definition), 
but low sensitivity (26.8–38%), which led to an underestimation of sepsis incidence (1.4% vs. 3.3% for severe sepsis-1). Not 
naming sepsis in the chart was strongly associated with under-coding of sepsis. The frequency of correctly naming sepsis 
and ICD-coding of sepsis varied strongly between hospitals (range of sensitivity of naming: 29–71.7%, of ICD-diagnosis: 
10.7–58.5%). Risk-adjusted mortality of sepsis per hospital calculated from coding in IAHD showed no substantial correla-
tion to reference standard risk-adjusted mortality (r = 0.09).
Conclusion Due to the under-coding of sepsis in IAHD, previous epidemiological studies underestimated the burden of 
sepsis in Germany. There is a large variability between hospitals in accuracy of diagnosing and coding of sepsis. Therefore, 
IAHD alone is not suited to assess quality of sepsis care.

Keywords Sepsis · Epidemiology · Quality Assurance, Health Care · Sensitivity and specificity · Administrative 
Claims, Healthcare

Introduction

Sepsis is a life-threatening organ dysfunction caused by a 
dysregulated host response to infection [1]. Recognizing 
shortcomings in the prevention, diagnosis, and treatment of 
sepsis, the WHO urged member states to improve epidemio-
logical surveillance as well as the quality of care [2].

Valid information on sepsis incidence and mortality is 
necessary to inform health policy and clinical research, 

as well as to benchmark the quality of sepsis care. The 
majority of studies on the burden of sepsis was based on 
inpatient administrative health data (IAHD) since these 
allow easy access to very large databases [3–8]. In these 
studies, sepsis was identified by International Classifica-
tion of Diseases (ICD) codes in hospital discharge diag-
noses. Surveillance based on administrative data may lead 
to biased conclusions, if the coding of diagnoses is inac-
curate [9]. Several international studies investigated the 
accuracy of sepsis coding, but most of them had meth-
odological shortcomings, since they included only highly 
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selective samples and did not report all relevant measures 
of accuracy [10, 11]. Beside our own single-center pilot 
study, the accuracy of sepsis coding in German IAHD has 
not yet been studied [12].

Due to their feasibility, administrative data are also used 
to conduct quality assurance of sepsis care with risk-adjusted 
mortality being the primary indicator of outcome quality 
[13–16]. The validity of administrative data for this pur-
pose is currently of especially high interest, since the Federal 
Joint Committee—the highest authority on quality assurance 
for German hospitals—is considering introducing mandated 
quality indicators for sepsis, which will also rely on this 
kind of data [17]. Quality measures are particularly prone 
to bias, if the selected population varies between hospitals. 
However, the variability of accuracy of sepsis coding across 
hospitals and its consequences for comparing quality of care 
have not yet been investigated due to a lack of multicenter 
studies on the topic.

Based on these considerations, we aimed to investigate 
the accuracy of sepsis coding and its variability across hos-
pitals and to assess the validity of estimates of risk-adjusted 
mortality from IAHD for measuring quality of sepsis care.

Material and methods

Study design

We conducted a multicenter, retrospective, observational 
validation study. Based on the IAHD of ten German hospi-
tals, a random sample of 10,334 cases treated between 2015 
and 2017 was drawn. The validity of coding of sepsis, as 
well as risk factors in IAHD were then investigated by sta-
tistical comparison to reference standard diagnoses obtained 
via a chart review. The description of the study follows the 
“Reporting of studies Conducted using Observational Rou-
tinely collected health Data” (RECORD) guidelines [18] 
and the “STAndards for Reporting of Diagnostic accuracy” 
(STARD) adapted to administrative health data [9]. Passages 
cited from the published study protocol are not individually 
marked in the manuscript [19].

Setting

The study was conducted among a convenience sample of 
ten hospitals located across Germany recruited within a 
pre-existing research network (“SepNet”) and a quality col-
laborative (“German Quality Network Sepsis”). Eight hos-
pitals were university hospitals; two were teaching hospitals 
providing tertiary-level care. The mean number of beds for 
inpatient care was 1388 (minimum: 755, maximum: 3000).

Data sources and study sample

Inpatient administrative health data

The study was based on IAHD, which are used for the 
reimbursement of hospitals in the German diagnosis-
related groups (DRG) system. Almost all German hospi-
tals participate in the DRG system. National DRG-statis-
tics can be assessed via the Federal Bureau of Statistics 
and have been used previously to obtain population esti-
mates of the incidence and mortality of sepsis in Germany 
[5]. The IAHD contains patient demographics, reasons and 
type of admission, ICD-10-German-Modification coded 
diagnoses, conducted surgeries and procedures, treating 
hospital departments, and discharge destinations (includ-
ing hospital death).

Validation sample

The  sample  i nc luded  hosp i t a l  ep i sodes  o f 
patients ≥ 15 years of age, with inpatient somatic treat-
ment from 2015 to 2017. Study centers provided the IAHD 
in a pseudonymized format. A sample of 1200 hospital 
episodes per hospital was drawn by disproportional strati-
fied sampling to increase the proportion of “true” sepsis 
cases in the sample (details provided in the Supplementary 
Material) [12]. The aim of the study was to review 1000 
episodes per hospital; 200 additional episodes were sam-
pled since some medical records might be unavailable. 
To assure representativeness and avoid bias by learning 
effects, the review of charts was conducted in random 
order. The sample size calculation is presented in the 
Supplement.

Chart review

Between July 2019 and October 2021, trained study phy-
sicians screened all clinical information contained in the 
medical charts of the validation sample to identify the ref-
erence standards. Data were documented in an electronic 
case report form (eCRF) using the study management soft-
ware OpenClinica (version 3.1. Copyright © OpenClinica 
LLC and collaborators, Waltham, MA, USA, www. OpenC 
linica. com). A training assured the objectivity of the chart 
review. We assessed interrater agreement between two 
independent study physicians per study center before the 
main study based on 40 random cases. Interrater agree-
ment was calculated by Gwet’s AC1, a robust alternative 
to Cohen’s κ [20]. The target value for sufficiently good 
agreement was set to > 0.6 [21]. Study physicians were 

http://www.OpenClinica.com
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blinded on ICD-10-codes in the IAHD, but they could 
not be blinded to ICD-10 codes in the medical records. 
Documented medical chart data were linked to IAHD by a 
study pseudonym (see Supplementary Material for details 
on training, linkage, and data cleaning).

Variables

Variables derived from chart review

The eCRF of the study was developed based on previous 
research and a pilot study [10, 12, 22]. The complete CRF 
is presented in the study protocol [19]. If an infection was 
present, sepsis was identified both according to the sepsis-1 
definition [23, 24], which were the basis for ICD-10-coding 
of sepsis in Germany until 2019, as well as according to 
the sepsis-3 definition [1] (see Supplementary Material for 
details on criteria). For patients with sepsis, clinical char-
acteristics and risk factors for mortality were recorded by 
trained study nurses. Risk factors were selected based on 
previous research and included [14]: age, sex, reason for 
admission (emergency, referral, transfer), comorbidities of 
the Charlson and Elixhauser indices [25], leukemia, condi-
tions associated with immunosuppression (asplenia, trans-
planted organ status), and treatments in the current hospital 
episode associated with increased mortality risk (chemo-
therapy, stroke treatment).

Variables derived from administrative health data

Explicit coding strategies were used to identify patients with 
infection, sepsis-1 (any ICD-10 sepsis code), sepsis-1 with 
organ dysfunction (severe sepsis-1 including septic shock, 
ICD-10 codes R65.1 or R57.2), and septic shock-1 (R57.2). 
Sepsis-3 and shock according to sepsis-3 were identified 
by the same codes as severe sepsis-1 (R65.1 or R57.2) and 
septic shock-1 (R57.2), respectively. Two implicit coding 
strategies were also investigated to identify cases with severe 
sepsis-1: a modified Martin definition—the presence of any 
explicit sepsis code and any ICD-10 code for organ dysfunc-
tion [4]—and the Angus definition—the presence of any 
ICD-10 code for infection and any code for organ dysfunc-
tion [3]. Risk factors for sepsis mortality were defined by 
ICD or OPS (procedures—"Operationen- und Prozeduren-
schlüssel") codes (definitions of variables provided in the 
Supplement).

Statistical methods

Analyses were conducted using the statistical software R 
[26]. Survey methods were used to adjust for the cluster-
ing of cases in hospitals, sampling weights resulting from 
the disproportional stratified sampling, and missing values 

(details provided in the Supplement) [27]. Significance tests 
were conducted at a bidirectional alpha level of 0.05.

The accuracy of coding of sepsis and risk factors was 
assessed by sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV). Accuracy of 
sepsis coding was also assessed in the planned subgroups 
with ICU-treatment and without ICU-treatment.

Since ICD-10 coding of sepsis in the years 2015–2017 
still followed sepsis-1 criteria and severe sepsis-1 clini-
cally shows a large overlap to sepsis-3 [28], analyses on the 
validity of risk-adjusted mortality were based on cases with 
severe sepsis-1. Three risk models for mortality were cal-
culated by logistic regression: risk model 1 was based on 
cases with a reference standard diagnosis of severe sepsis-1 
and incorporated risk factors identified from chart review 
(reference model). Risk model 2 used the same cases from 
the chart review, but incorporated risk factors identified from 
IAHD. Risk model 3 was based both on sepsis cases and on 
risk factors identified from IAHD. The influence of miscod-
ing of risk factors on prediction of patient-level risk was 
investigated by the correlation between comorbidity indices 
calculated from chart review information vs. comorbidity 
indices calculated from IAHD information, as well as by the 
correlation between the individual risk predicted from model 
1 vs. the risk predicted from model 2. To assess the influence 
of miscoding of risk factors and sepsis on hospital-level risk-
adjusted mortality, risk-standardized mortality rates (RSMR) 
were calculated and compared between risk models by scat-
terplots and by correlations.

To set the results of our study in context with population-
level data for Germany, we updated a previously reported 
analysis of the German national DRG-statistics to the year 
2017 (see Supplementary Material for details) [5].

Results

Sample

In the training phase, a high interrater agreement was found 
both for identification of sepsis-1 with organ dysfunc-
tion (AC1 = 0.89, 95% CI 0.83, 0.94), as well as sepsis-3 
(AC1 = 0.87, 95% CI 0.82, 0.93); the target value of 0.6 was 
surpassed in all study centers.

A total of 10,334 charts were reviewed in the main study, 
since some hospitals reviewed more than the required 1000 
cases (SFig. 1, Supplementary Material). Sampling weights 
were adapted accordingly. Chart review identified 3504 cases 
with infections, which correspond to an incidence of 20.6% 
(95% CI 18.3%, 23.2%), if sampling weights are adjusted. 
STable 1 (Supplementary Material) presents descriptive sta-
tistics for the individual definition criteria of sepsis. Medical 
records had missing information to judge the presence of 
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sepsis in 305 cases (3%, sampling weight adjusted) for sep-
sis-1, and in 764 cases (6.5%) for sepsis-3. Sepsis-1-criteria 
were fulfilled by 1852 cases (incidence of 6.5% [5.6%, 7.5%] 
adjusted for sampling weights and missing data), severe sep-
sis-1 criteria by 1310 (3.3% [2.6%, 4.1%]), sepsis-3 criteria 
by 1163 (2.9% [1.9%, 4.3%]). Table 1 shows the characteris-
tics of patients with sepsis identified by chart review.

Accuracy of sepsis coding

The accuracy of identifying infection and sepsis by explicit 
ICD-10-codes is presented in Table 2. In general, explicit 
coding identified sepsis with high specificity (≥ 99.5%), 
but low sensitivity (≤ 38%). Only 34.4% (21.6%, 49.9%) 
of cases identified as showing severe sepsis-1 from chart 
review also had a respective ICD-10 code in IAHD (sensitiv-
ity). Among cases with an explicit code for severe sepsis-1, 
83.3% (71.6%, 90.8%) had severe sepsis-1 according to chart 
review (PPV). There were no substantial changes in accuracy 
of coding from 2015 to 2017 (Supplementary Material—
STable 2). For ICU-treated cases, accuracy of coding was 
better compared to cases without ICU-treatment. Identify-
ing severe sepsis-1 by ICD-codes resulted in estimating the 
incidence with 1.4% (0.8%, 2.3%) compared to 3.3% (2.6%, 
4.1%) estimated from chart reviews (underestimation by fac-
tor 2.35). At the same time, hospital mortality of explicitly 
coded cases was overestimated (41.9% [29.1%, 55.9%] com-
pared to 27.8% [21%, 35.8%]). In general, explicit coding of 
sepsis was associated with an underestimation of incidence 
and an overestimation of mortality (Table 2). Implicit coding 
strategies for identification of severe sepsis-1 did not result 
in improved accuracy (Supplementary Material—STable 3), 
but only increased sensitivity (modified Martin definition: 
40.5% [30.3%, 51.5%], Angus definition: 72.7% [63.8%, 
80.1%], respectively) at the cost of decreasing PPV (74.0% 
[61.2%, 83.7%] and 35.0% [28.0%, 42.7%], respectively).

Participating hospitals showed large differences in the 
accuracy of sepsis coding (Fig. 1a–d). The sensitivity of 
coding of severe sepsis-1 ranged between 10.7% and 58.5% 
(median: 25.6%, 1st quartile: 18.6%, 3rd quartile: 42.6%; test 
of difference: p < 0.001, Fig. 1a); the PPV ranged between 
64.6% and 98.8% (median: 78.7%, 1st quartile: 72.3%, 3rd 
quartile: 88.3%; p = 0.112, Fig. 1b). Variability of accuracy 
was comparably large for the other explicit coding strategies 
(Supplementary Material—SFig. 2).

Among cases with a reference standard diagnosis of 
severe sepsis-1, sepsis was only named in 44% (36.4%, 
51.9%) of discharge letters and in 49.7% (42.6%, 56.8%) of 
medical records (Table 3). Among cases without naming of 
sepsis, the probability of a true positive coding was 7.6% 
(3.3%, 16.7%). Naming of sepsis in the chart increased the 
probability of correct coding to 61.8% (41.2%, 78.9%). This 
means that 38.2% of true sepsis cases were not ICD-coded 

although they had been documented by treating clinicians. 
There was a large variability of naming sepsis between hos-
pitals (range 29–71.7%, median: 45%, 1st quartile: 41.2%, 
3rd quartile: 52.8%; p = 0.028; Fig. 1e). Hospitals with a 
higher frequency of naming sepsis also showed a higher 
frequency of ICD-coding of sepsis (correlation of r = 0.67, 
Fig. 1f).

Validity of risk‑adjusted mortality estimated 
from IAHD

The accuracy of coding of risk factors was low in general, 
with a large variation across the different risk factors—rang-
ing from a sensitivity of 0.9% for peptic ulcer disease to 
96.2% for previous solid organ transplantation (median: 
53.2%, 1st quartile: 36.5%, 3rd quartile: 75.1%; Supple-
mentary Material—STable 4). The Charlson Comorbidity 
Index, when calculated from coded information, showed 
only a mediocre correlation to the index calculated from 
chart review information (r = 0.59, Fig. 2a); same was true 
for the Elixhauser Comorbidity Index (r = 0.42, Fig. 2b) 
and for the individual risk of death calculated from the sep-
sis-specific risk models 1 and 2 (r = 0.54; Fig. 2c). If risk-
adjusted hospital mortality per hospital was calculated based 
on reference standard sepsis cases but with risk factors from 
coding in IAHD, it showed a high correlation of r = 0.91 to 
risk-adjusted mortality, where both sepsis and risk factors 
were based on reference standard information (Fig. 3a). If 
in addition the calculation of risk-adjusted mortality was 
based on sepsis cases as coded in IAHD the correlation to 
reference standard risk-adjusted mortality was essentially 
cero (r = 0.09, Fig. 3b).

Sepsis cases coded in the national German 
DRG‑statistics

We identified 148,288 hospitalized cases with ICD-codes for 
severe sepsis-1 including septic shock—corresponding to 
0.87% of hospitalizations and 207 cases per 100,000 inhabit-
ants ≥ 15 years, of which 59,792 (40.3%) died.

Discussion

This study investigated the validity of IAHD for epidemio-
logic surveillance and quality management of sepsis by 
comparing information from IAHD to a reference standard 
obtained by a chart review in ten German hospitals. It 
showed that the accuracy of identification of sepsis cases 
based on ICD-10-codes in IAHD was low, leading to an 
under-coding of sepsis. There was a large variability of 
coding accuracy across the ten participating hospitals. 
Under-coding of sepsis was strongly related to lacking 
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Table 1  Characteristics of patients and treatments for cases with sepsis

Descriptive statistics given as relative frequencies (%) or median  [1st quartile,  3rd quartile]. Absolute frequencies are given for the sample, and all 
descriptive statistics (relative frequency and median) are calculated with adjustment for sampling weights and clustering

Variable Sepsis-1, according to chart review Sepsis-3, according to chart review

N missing Sepsis-1 Severe Sepsis-1 Septic shock-1 N missing Sepsis-3 Septic shock-3

Statistic Statistic Statistic Statistic Statistic

N in sample 1852 1310 879 1163 653
Proportion of hospital admissions 6.5% 3.3% 1.6% 2.9% 1.1%
Age 0/1852 70 [58, 79] 72 [60, 79] 70 [60, 79] 0/1163 73 [61, 80] 73 [61, 80]
Female sex 0/1852 45.0% 40.8% 44.8% 0/1163 43.0% 43.1%
Type of admission 2/1852 27/1163
 Emergency, surgical 16.2% 17.5% 23.4% 18.4% 25.9%
 Emergency, medical 69.6% 69.3% 59.3% 65.3% 56.5%
 Planned, surgical 9.7% 10.1% 14.7% 11.8% 14.4%
 Planned, medical 4.5% 3.2% 2.7% 4.4% 3.1%

Charlson comorbidity index 259/1852 2 [1, 4] 2 [1, 4] 3 [1, 5] 155/1163 3 [1, 4] 3 [1, 5]
Degree of confirmation of infection 0/1852 0/1163
 Microbiologically proven 54.2% 55.8% 64.8% 59.2% 63.8%
 Other confirmation 24.2% 26.5% 21.0% 24.9% 19.3%
 Clinically suspected 21.5% 17.7% 14.2% 15.9% 17.0%

Origin of infection 4/1852 3/1163
 Present on admission, nosocomial 10.8% 11.9% 12.1% 11.6% 11.8%
 Present on admission, not nosocomial 54.1% 46.3% 43.0% 43.3% 42.6%
 Present on admission, unknown origin 7.2% 8.4% 7.6% 8.0% 8.1%
 Onset during stay, nosocomial 19.6% 23.0% 25.1% 26.2% 25.9%
 Onset during stay, not nosocomial 3.4% 4.4% 5.3% 3.9% 4.1%
 Onset during stay, unknown origin 2.3% 2.3% 2.9% 2.5% 3.3%
 More than one infection 2.6% 3.6% 4.0% 4.5% 4.1%

Source of infection
 Catheter related infection 146/1852 3.8% 4.2% 6.3% 77/1163 4.6% 7.5%
 Central nervous system infection 146/1852 3.1% 2.2% 1.6% 77/1163 2.4% 1.0%
 Cardiovascular infection 146/1852 1.2% 2.0% 2.8% 77/1163 2.7% 3.9%
 Pneumonia 146/1852 39.1% 56.7% 59.0% 77/1163 55.5% 59.8%
 Other respiratory infections 146/1852 9.1% 5.6% 5.4% 77/1163 5.1% 5.9%
 Thoracic (empyema/mediastinitis) 146/1852 0.9% 1.6% 2.6% 77/1163 2.0% 2.6%
 Intraabdominal infection 146/1852 10.9% 14.6% 19.0% 77/1163 16.1% 22.2%
 Gastrointestinal infection 146/1852 13.1% 9.7% 11.0% 77/1163 10.1% 8.7%
 Urogenital infection 146/1852 27.5% 22.0% 22.2% 77/1163 24.5% 20.3%
 Bones/soft tissue infection 146/1852 10.5% 10.0% 11.8% 77/1163 10.7% 11.6%
 Primary bacteremia 146/1852 6.9% 8.0% 7.9% 77/1163 8.4% 8.9%
 Other infection 146/1852 2.4% 1.7% 1.0% 77/1163 1.1% 1.1%

Treated on ICU 0/1852 43.6% 65.8% 92.3% 0/1163 74.0% 97.1%
ICU length-of-stay (days) 0/1505 7 [3, 17] 9 [4, 19] 11 [4, 23] 0/1089 9 [4, 21] 11 [4, 23]
Ventilation (including noninvasive) 35/1852 47/1163
 No 66.0% 46.1% 19.8% 38.2% 13.3%
 < 24 h 8.9% 9.9% 12.0% 10.5% 12.1%
 ≥ 24 h 25.1% 44.1% 68.2% 51.3% 74.6%

Extracorporeal membrane oxygenation 4/1852 1.4% 2.4% 4.5% 27/1163 3.0% 5.3%
Renal replacement therapy 7/1852 11.3% 20.2% 33.4% 26/1163 28.3% 41.9%
Liver replacement therapy 2/1852 0.1% 0.1% 0.2% 25/1163 0.2% 0.3%
Vasopressor use 26/1852 30.8% 51.0% 82.9% 45/1163 62.4% 90.6%
Tracheotomy 6/1852 5.9% 10.1% 16.4% 29/1163 12.2% 16.2%
Hospital length-of-stay (days) 0/1852 11 [6, 23] 17 [9, 33] 21 [9, 37] 0/1163 19 [9, 34] 20 [8, 35]
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Table 2  Accuracy of identification of cases with infection or sepsis by explicit ICD-10-codes

Explicit coding of infection 
or sepsis

Reference standard from chart review Predictive accuracy of explicit coding of infection or 
sepsis

Proportion 
of hospital 
admissions

Hospital 
mortality

N missing Proportion 
of hospital 
admissions

Hospital 
mortality

Sensitivity Specificity PPV NPV

All cases
 Infection 23.7% [22%; 

25.4%]
6% [4.5%; 

8.1%]
0/10,384 20.6% 

[18.3%; 
23.2%]

6.7% [5%; 
9%]

79.1% 
[71.8%; 
84.9%]

90.7% 
[89.2%; 
92%]

68.9% 
[63.6%; 
73.8%]

94.4% 
[91.8%; 
96.2%]

 Sepsis-1 2.3% [1.8%; 
3%]

28% [20.9%; 
36.3%]

185/10,384 6.5% [5.6%; 
7.5%]

16.2% 
[11.6%; 
22.2%]

27.5% 
[19.7%; 
36.9%]

99.5% 
[99.1%; 
99.7%]

78.3% 
[65.4%; 
87.3%]

95.2% 
[94.1%; 
96%]

 Severe 
sepsis-1

1.4% [0.8%; 
2.3%]

41.9% 
[29.1%; 
55.9%]

275/10,384 3.3% [2.6%; 
4.1%]

27.8% [21%; 
35.8%]

34.4% 
[21.6%; 
49.9%]

99.8% 
[99.6%; 
99.8%]

83.3% 
[71.6%; 
90.8%]

97.8% 
[97.4%; 
98.2%]

 Septic 
shock-1

0.5% [0.3%; 
0.9%]

61% [46.6%; 
73.8%]

305/10,384 1.6% [1.3%; 
2%]

44.9% 
[38.5%; 
51.4%]

26.8% 
[14.9%; 
43.3%]

99.9% 
[99.8%; 
100%]

85.7% 
[61.2%; 
95.8%]

98.8% 
[98.5%; 
99.1%]

 Sepsis-3 1.4% [0.8%; 
2.3%]

41.9% 
[29.1%; 
55.9%]

658/10,384 2.9% [1.9%; 
4.3%]

31.2% 
[22.7%; 
41.1%]

38.0% 
[28.6%, 
48.5%]

99.8% 
[99.6%, 
99.9%]

84.5% 
[69.2%, 
93.0%]

98.2% 
[97.5%, 
98.7%]

 Septic 
shock-3

0.5% [0.3%; 
0.9%]

61% [46.6%; 
73.8%]

439/10,384 1.1% [0.8%; 
1.5%]

54.4% 
[47.6%; 
60.9%]

35.7% 
[19.1%, 
56.6%]

99.9% 
[99.8%, 
99.9%]

76.9% 
[65.0%, 
85.7%]

99.3% 
[98.9%, 
99.5%]

No ICU-treatment
 Infection 21.0% 

[19.4%, 
22.7%]

2.6% [1.1%, 
6.0%]

0/5565 17.6% 
[15.0%, 
20.5%]

2.8% [1.2%, 
6.3%]

77.5% 
[69.1%; 
84.1%]

91.1% 
[89.7%; 
92.3%]

64.9% 
[59.1%; 
70.4%]

95.0% 
[92.3%; 
96.8%]

 Sepsis-1 1.1% [0.8%, 
1.6%]

12.8% 
[3.3%, 
38.8%]

114/5565 4.2% [3.3%, 
5.1%]

7.5% [2.6%, 
20.0%]

17.4% 
[9.9%; 
28.7%]

99.6% 
[99.2%; 
99.8%]

63.9% 
[43.5%; 
80.2%]

96.5% 
[95.4%; 
97.4%]

 Severe 
sepsis-1

0.4% [0.2%; 
1.1%]

23.4% 
[4.1%; 
68.4%]

166/5565 1.3% [0.9%; 
1.7%]

14.6% 
[4.9%; 
36.3%]

24.8% 
[9.4%; 
51.1%]

99.9% 
[99.8%; 
99.9%]

70.5% 
[50.4%; 
84.9%]

99.0% 
[98.7%; 
99.3%]

 Septic 
shock

0% [0%; 
0.1%]

50.4% 
[15.4%; 
85%]

179/5565 0.1% [0.1%; 
0.3%]

37.6% 
[10.3%; 
76%]

3.0% [0.4%; 
18.8%]

100.0% 
[99.9%; 
100.0%]

18.4% 
[0.1%; 
98.9%]

99.9% 
[99.7%; 
99.9%]

 Sepsis-3 0.4% [0.2%; 
1.1%]

23.4% 
[4.1%; 
68.4%]

390/5565 0.9% [0.5%; 
1.6%]

13.7% 
[3.4%; 
41.3%]

28.6% 
[14.8%, 
48.0%]

99.9% 
[99.7%, 
99.9%]

68.7% 
[35.7%, 
89.6%]

99.4% 
[99.1%, 
99.6%]

 Septic 
shock-3

0% [0%; 
0.1%]

50.4% 
[15.4%; 
85%]

306/5565 0% [0%; 
0.2%]

48.2% 
[6.4%; 
92.7%]

10.4% 
[2.8%, 
32.2%]

100.0% 
[99.8%, 
100.0%]

14.8% 
[0.1%, 
98.3%]

100.0% 
[99.8%, 
100.0%]

ICU-treatment
 Infection 44.9% 

[42.1%, 
47.8%]

18.5% 
[16.1%, 
21.0%]

0/4819 44.5% 
[40.9%, 
48.2%]

19.1% 
[16.0%, 
22.6%]

84.3% 
[79.3%; 
88.3%]

86.6% 
[81.4%; 
90.5%]

83.5% 
[76.2%; 
88.8%]

87.3% 
[83.6%; 
90.3%]

 Sepsis-1 11.3% 
[9.1%, 
13.9%]

40.1% 
[33.7%, 
47.0%]

71/4819 25.0% 
[20.0%, 
30.8%]

27.6% 
[24.0%, 
31.5%]

40.4% 
[34.1%; 
47.2%]

98.4% 
[96.9%; 
99.2%]

89.4% 
[77.5%; 
95.4%]

83.2% 
[78.5%; 
87.1%]

 Severe 
sepsis-1

8.4% [5.8%; 
12%]

49.7% 
[42.8%; 
56.6%]

109/4819 18.8% 
[14.7%; 
23.8%]

34.7% [29%; 
40.9%]

39.4% 
[28.6%; 
51.4%]

98.8% 
[97.6%; 
99.4%]

88.6% 
[74.8%; 
95.3%]

87.5% 
[83.8%; 
90.5%]

 Septic 
shock-1

4.2% [2.4%; 
7.3%]

61.9% 
[49.4%; 
73.1%]

126/4819 12.9% 
[9.9%; 
16.7%]

45.5% 
[39.5%; 
51.6%]

28.7% 
[16.2%; 
45.7%]

99.4% 
[98.6%; 
99.8%]

88.6% 
[70.1%; 
96.3%]

90.4% 
[87.2%; 
92.8%]
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documentation of a sepsis diagnosis in the clinical record. 
Sepsis-related risk-adjusted hospital mortality estimated 
from IAHD showed no correlation to the risk-adjusted 
mortality from the chart review, which makes it currently 
unsuitable to assess outcome quality of sepsis care based 
on IAHD.

Only a few studies reported estimates of PPV, NPV, 
sensitivity, and specificity for coding of sepsis in a general 
sample of hospitalized patients [10, 11]. They observed 
sensitivity between 9 and 47% and PPV between 75 and 
100% for explicit sepsis coding compared to a reference 
standard for severe sepsis-1 or sepsis-3 [22, 29–31]. These 
results correspond to our finding that while the majority 
of “true” sepsis cases are not explicitly coded in IAHD, 
the majority of coded cases “truly” have sepsis. In conse-
quence, we observed an underrepresentation of sepsis in 
IAHD. Based on explicit ICD-codes for severe sepsis-1 
in the national German DRG-statistics, an incidence of 
207 cases per 100,000 inhabitants above 14 years of age 
was estimated. If the relative frequency of sepsis cases 
among hospitalizations of 3.3%—as found by chart review 
in our study—would apply to the German population, this 
would instead result in an incidence of 785/100,000. This 
number is in the same range, as those, which have been 
inferred from representative studies in other countries. For 
example, an incidence of 687/100,000 and 780/100,000 for 
severe sepsis-1 and sepsis-3, respectively, was found in 
Sweden by a chart review study [32]. Likewise, based on 
identification of sepsis cases in electronic health records 
of 409 hospitals, a total of 1.7 million adult sepsis cases 
have been estimated for the USA, which corresponds to an 
incidence of 710/100,000 (sepsis-3) [29]. The respective 
mortality rates for sepsis-3 in these studies were 17.4% 
(Sweden) and 23.2% (USA). The hospital mortality rate 
of 31.2% for sepsis-3 derived from the chart review in the 

current study was considerably higher, possibly indicating 
potential for improvement of care in Germany.

Like a previous validation study, we found that mortality 
was higher among coded sepsis cases compared to refer-
ence standard cases [33]. Therefore, increases of incidence 
of ICD-coded sepsis across time—for example by awareness 
campaigns, improved screening protocols, or financial incen-
tives—could be accompanied by a reduction in mortality 
because of recognition of less severely ill patients. Numer-
ous international studies based on administrative data have 
reported this pattern across time [4, 5, 34], which is most 
likely to a large part caused by a methodological bias [34]. 
Likewise, Rhee et al. replicated the described pattern based 
on ICD-coded sepsis in their representative US study, but 
also found incidence and mortality of sepsis as estimated 
from electronic health record data to be much more stable 
[29]. Therefore, administrative data alone are not suited for 
sepsis surveillance across time or for comparing sepsis inci-
dence and mortality between different health care systems 
[5, 34].

Comparable to results of a small single-center study in the 
USA [33], we found that the lacking naming of sepsis in the 
medical record was strongly correlated with under-coding 
of sepsis in IAHD. It is alarming that among patients with 
severe sepsis-1 only half of the medical records contained 
the word “sepsis”, which was likely also associated with 
inadequate treatment [35]. There was a large variation in the 
naming of sepsis between hospitals, indicating large differ-
ences in sepsis awareness. This highlights the importance of 
making training of all medical staff on signs and symptoms 
of sepsis obligatory for all German hospitals, as is intended 
by the current proposal for a mandated sepsis quality indi-
cator [17]. Even among correctly named sepsis cases, only 
about 60% received a respective ICD-code for sepsis. The 
likely explanation is that a sepsis diagnosis often does not 

Missing values on the reference standard result from lacking information on criteria of sepsis in medical records, absolute frequencies give 
numbers for the sample. Estimates of proportion of infection or sepsis cases, hospital mortality, sensitivity, specificity, PPV (positive predictive 
value), and NPV (negative predictive value) are adjusted for sampling weights and clustering and are reported with their 95% confidence inter-
vals (CI)

Table 2  (continued)

Explicit coding of infection 
or sepsis

Reference standard from chart review Predictive accuracy of explicit coding of infection or 
sepsis

Proportion 
of hospital 
admissions

Hospital 
mortality

N missing Proportion 
of hospital 
admissions

Hospital 
mortality

Sensitivity Specificity PPV NPV

 Sepsis-3 8.4% [5.8%; 
12%]

49.7% 
[42.8%; 
56.6%]

268/4819 18.5% 
[12.6%; 
26.3%]

37.4% [30%; 
45.3%]

41.3% 
[32.4%, 
50.7%]

98.9% 
[97.9%, 
99.5%]

89.7% 
[76.6%, 
95.9%]

88.1% 
[82.5%, 
92.1%]

 Septic 
shock-3

4.2% [2.4%; 
7.3%]

61.9% 
[49.4%; 
73.1%]

133/4819 9.5% [6.9%; 
12.9%]

54.3% [48%; 
60.5%]

36.1% 
[19.7%, 
56.6%]

99.0% 
[98.3%, 
99.5%]

79.6% 
[74.2%, 
84.1%]

93.7% 
[90.2%, 
96.0%]
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Fig. 1  Accuracy of explicit coding of severe sepsis-1 in inpatient 
administrative health data. All estimates are adjusted for sampling 
weights and clustering. Explicit coding of severe sepsis-1 is defined 
by the presence of ICD-10 codes R65.1 or R57.2 in inpatient admin-
istrative health data (IAHD). Whiskers in panels a–e present 95% 
confidence intervals. p values in panels a–e obtained by Rao–Scott 
Pearson χ2-test with Satterthwaite approximation. Panel a: sensitiv-
ity of coding of severe sepsis-1 per hospital. Panel b: specificity of 

coding of severe sepsis-1 per hospital. Panel c: positive predictive 
value (PPV) of coding of severe sepsis-1 per hospital. Panel d: nega-
tive predictive value (NPV) of coding of severe sepsis-1 per hospital. 
Panel e: frequency of naming “sepsis” in the chart among cases with 
severe sepsis-1 according to chart review. Panel f: scatterplot of fre-
quency of naming of sepsis and sensitivity of coding of severe sep-
sis-1; OLS is the ordinary least squares approximation line; r is the 
Pearson correlation
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increase the reimbursement for German hospitals. There-
fore, to address the problem of under-coding, the rules and 
incentives for ICD-coding of sepsis need to be changed too.

We found the accuracy of the coding of risk factors for 
sepsis-related mortality to be low. Consequently, comor-
bidity indices calculated from IAHD were only modestly 
correlated with the same indices from reference standard 
information. Although similar findings have been previously 
reported for other patient populations [36, 37], ICD-based 
comorbidity scores are still widely used in research—usu-
ally ignoring potential biases due to unreliable coding [38]. 
Nonetheless, the major problem in using IAHD for assess-
ment of quality of sepsis care is not the inaccurate coding of 
comorbidity but the inaccurate coding of sepsis itself. When 
only risk factors were defined based on imperfect coding 
information but valid sepsis cases from chart review were 
used, the correlation to the reference standard model was 
high. This corresponds to previous studies, which showed 
that inaccurately coded risk factor caused only limited bias 
to hospital benchmarks [13, 39]. When in addition, also, 
sepsis cases were identified based on ICD-coding, there was 
virtually no correlation left to the reference standard. This is 
due to the large variability in accuracy of coding across the 
participating hospitals. The large variation in the accuracy 
of administrative data for identifying sepsis across hospitals 
and the resultant inconsistency in benchmarks of mortality 
have previously also been shown in comparison with sepsis 
cases identified by an algorithm in electronic health record 
data [40]. The sensitivity of coding is itself influenced by 
sepsis awareness, which is a primary target for quality ini-
tiatives. In consequence, administrative data in their cur-
rent form cannot provide a firm ground to benchmark the 
outcome quality of sepsis care. This is a great challenge for 
the planned mandated sepsis quality indicator for German 
hospitals [17].

Strengths and limitations

This is the first study to investigate the variability of accuracy 
of sepsis coding across hospitals, which was therefore able to 
draw conclusions on the validity to measure quality of care 
for sepsis based on administrative data. The study used an 
unselected sample of all cases treated in the included hospitals, 
provided all relevant measures of coding accuracy and used 
a rigorous review of medical records to define the reference 
standard—thereby surpassing methodological shortcomings 
of most previous studies on the topic [10, 11]. The study is 
limited by using a small convenient sample of university and 
tertiary care hospitals, which impairs the generalization of our 
results to the German population and biases comparisons with 
epidemiological numbers from other countries. Missing data 
prevented from assessing the reference standard in all sampled 
cases, but were handled by adequate techniques from survey 
research. Although the German ICD-10 did not implement 
sepsis-3 definitions until 2020, the publication of sepsis-3 
in 2016 might have already influenced diagnostic and docu-
mentation by clinicians during our study period. We therefore 
focused on severe sepsis-1, which in clinical practice largely 
overlaps with sepsis-3 [28] and found no substantial changes 
in accuracy of coding between 2015 and 2017. Our results 
need replication to reflect current coding practices after the 
complete implementation of sepsis-3-definitions. To better 
understand differences in coding practices between hospitals, 
future studies should involve the responsible medical coders 
to conduct in depth analysis of coding decisions.

Table 3  Naming of sepsis in medical record of patient with sepsis according to sepsis-1 definitions

Estimates are presented as relative frequencies (%) along with their 95% confidence intervals and were calculated with adjustment for sampling 
weights and clustering

Variable Reference standard diagnosis of sepsis-1 by chart review

Sepsis-1 Severe sepsis-1 (including 
septic shock)

Septic shock

Sepsis diagnosis named in the medical record 
(including discharge letter)

31.8% [24.4%, 40.1%] 49.7% [42.6%, 56.8%] 64.3% [54.9%, 72.7%]

Sepsis diagnosis named in the medical record 
(excluding discharge letter)

25.9% [19.2%, 33.9%] 41.3% [34.1%, 49.0%] 58.2% [48.4%, 67.5%]

Sepsis diagnosis named in discharge letter 28.0% [21.0%, 36.2%] 44.0% [36.4%, 51.9%] 56.3% [45.8%, 66.3%]
Type of sepsis diagnosis named in the discharge letter
 Sepsis without organ dysfunction 12.4% [6.5%, 22.4%] 7.7% [2.6%, 20.9%] 1.5% [0.8%, 2.8%]
 Severe sepsis (but not septic shock) 15.4% [7.9%, 27.7%] 18.7% [10.2%, 31.7%] 14.4% [7.5%, 26.1%]
 Septic shock 30.2% [22.7%, 39.1%] 38.4% [26.1%, 52.4%] 58.0% [44.9%, 70.1%]
 Type not classified 41.9% [28.0%, 57.3%] 35.2% [23.4%, 49.2%] 26.1% [16.9%, 37.9%]
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Conclusions

Administrative health data in their current form are not 
valid to identify cases with sepsis or risk factors for sepsis-
related mortality. Since sepsis is under-coded, previous 
epidemiological studies, which were based on adminis-
trative health data, severely underestimated incidence, 
as well as burden in deaths, morbidity, and cost related 
to sepsis in Germany [5, 41]. Because of the large vari-
ation in sepsis awareness and validity of coding across 
hospitals, administrative data in their current form are not 
suited for benchmarking quality of sepsis care. Since pro-
spective inclusion of cases with sepsis or retrospective 
chart review is too burdensome to implement continuous 
surveillance and quality management [6], newer ways to 
overcome shortcomings of administrative data need to be 
found. Implicit strategies have been proposed to improve 
the identification of sepsis cases in IAHD [10, 30]; but like 
other studies before, our study showed that implicit strate-
gies only increased sensitivity at the cost of PPV [12, 22, 
29, 31]. Another approach is natural language processing. 
This approach can help to identify sepsis cases in medical 
records, but has limited ability to solve the problem of 
lacking awareness and documentation by treating clini-
cians [42]. Most promising are probably algorithms, which 
use electronic health record data to combine information 
indicating the presence of infection with information indi-
cating the presence of organ dysfunction to identify sep-
sis. These achieved higher sensitivity compared to explicit 
ICD-coding of sepsis [29], but a recent study indicated 
that this might also come at the cost of reduced specific-
ity and PPV [43]. Such algorithms might be less prone to 
differences in diagnosis and documentation of sepsis [40], 
but the variation of their precision across hospitals still 
needs to be investigated. The lacking adoption and stand-
ardization of electronic health records in Germany cur-
rently hinders further progress in this direction and there-
fore needs to be addressed by the responsible regulatory 
bodies. Finally, training in awareness, adequate clinical 
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documentation, and ICD-coding of sepsis could improve 
both sepsis care as well as the validity of administrative 
data for surveillance and quality assessment [44]. Influ-
enced by discussions of our results, new ICD-10 codes 
have been introduced in Germany in 2023 to allow a better 
representation of sepsis [45]. To aid clinicians and medical 
coders, the German Quality Network Sepsis and the Ger-
man Sepsis Society recently issued a guideline for sepsis 
documentation and coding [46].
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Fig. 3  Risk-adjusted hospital mortality of patients with severe sep-
sis-1 comparing information from coding in administrative health 
data with information from chart review. All estimates of risk-
adjusted mortality (dots) are adjusted for sampling weights and clus-
tering. Individual hospitals are represented by capital letters. Panel a: 
scatterplot of risk-standardized mortality rates (RSMRs) calculated 
from a model based on cases with severe sepsis-1 as well as risk fac-
tors identified in chart review (reference model 1, X-axis) and RSMRs 

calculated from a model based on cases with severe sepsis-1 identi-
fied in chart review but risk factors identified by coding in inpatient 
administrative health data (model 2, Y-axis). Panel b: scatterplot of 
RSMRs calculated from a model based on cases with severe sepsis-1 
as well as risk factors identified in chart review (reference model 1, 
X-axis) and RSMRs calculated from a model completely based on 
coding in inpatient administrative health data (identification of cases 
with severe sepsis-1 as well as risk factors, model 3, Y-axis)
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