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Abstract 

Background  International Classification of Diseases 10th edition (ICD-10) is widely used to describe the burden of 
disease.

Aim  To describe how well ICD-10 coding captures sepsis in children admitted to the hospital with blood culture-
proven bacterial or fungal infection and systemic inflammatory response syndrome.

Methods  Secondary analysis of a population-based, multicenter, prospective cohort study on children with blood 
culture-proven sepsis of nine tertiary pediatric hospitals in Switzerland. We compared the agreement of validated 
study data on sepsis criteria with ICD-10 coding abstraction obtained at the participating hospitals.

Results  We analyzed 998 hospital admissions of children with blood culture-proven sepsis. The sensitivity of ICD-10 
coding abstraction was 60% (95%-CI 57–63) for sepsis; 35% (95%-CI 31–39) for sepsis with organ dysfunction, using an 
explicit abstraction strategy; and 65% (95%-CI 61–69) using an implicit abstraction strategy. For septic shock, the sen‑
sitivity of ICD-10 coding abstraction was 43% (95%-CI 37–50). Agreement of ICD-10 coding abstraction with validated 
study data varied by the underlying infection type and disease severity (p < 0.05). The estimated national incidence of 
sepsis, inferred from ICD-10 coding abstraction, was 12.5 per 100,000 children (95%-CI 11.7–13.5) and 21.0 per 100,000 
children (95%-CI 19.8–22.2) using validated study data.

Conclusions  In this population-based study, we found a poor representation of sepsis and sepsis with organ 
dysfunction by ICD-10 coding abstraction in children with blood culture-proven sepsis when compared against a 
prospective validated research dataset. Sepsis estimates in children based on ICD-10 coding may thus severely under‑
estimate the true prevalence of the disease.
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Introduction
As evidenced by the COVID-19 pandemic, effective 
responses of healthcare systems rely on robust surveil-
lance systems and databases. For sepsis, one of the most 
common diseases causing morbidity and mortality glob-
ally, most countries do not have a surveillance system or 
national database. Surveillance is often done indirectly 
using the International Statistical Classification of Dis-
eases and Related Health Problems (ICD) coding [1, 2]. 
In a recent meta-analysis of the global burden of sepsis in 
children, 5 of 9 studies were based on ICD case identifi-
cation [3].

Infections remain one of the leading causes of death in 
childhood [4]. Sepsis, defined as life-threatening organ 
dysfunction caused by a dysregulated host response to 
infection [5], is a common final pathway of many infec-
tions leading to death [6, 7]. Children, especially those 
less than 5  years old, are disproportionately affected by 
sepsis, and neonatal and pediatric age groups are esti-
mated to account for 50% of global sepsis cases [2]. The 
World Health Organization (WHO) has declared sepsis 
a global public health priority and identified the correct 
application of the ICD system as one of the key steps 
towards better prevention, diagnosis, and care for sepsis 
[8]. Problems with inaccurate representation of sepsis by 
ICD have long been reported in adults [9, 10], and also 
confirmed for the 10th revision of ICD (ICD-10) [10]. 
In most of these studies, the reference standard against 
which ICD codes were compared was other databases 
or retrospective chart reviews [9, 10]. Only few studies 
have used prospective databases for the verification of 
the accuracy of ICD-based sepsis abstraction [9, 11], and 
there is a lack of pediatric data assessing the accuracy of 
ICD sepsis coding [11, 12].

We aimed to assess the accuracy of ICD coding 
abstraction for the diagnosis of sepsis in children using 
data from the Swiss Pediatric Sepsis Study, a prospective, 
population-based cohort study on blood culture-proven 
sepsis in children [13]. We hypothesized that surveillance 
based on sepsis coding in ICD-10 leads to underreport-
ing of sepsis and sepsis with organ dysfunction.

Methods
Study design
The Swiss Pediatric Sepsis Study, a multicenter prospec-
tive cohort study in ten pediatric centers in Switzerland, 
investigated the epidemiology of sepsis in children from 
November 2011 to December 2015 [13]. The study con-
secutively included neonates and children younger than 
17 years with blood culture-proven invasive bacterial or 
fungal infection, if they met the systemic inflammatory 
response syndrome (SIRS) criteria according to the 2005 
International Pediatric Sepsis Consensus Conference 

(IPSCC) definitions [14]. Investigators prospectively 
assessed the SIRS criteria. During the study period, the 
study accounted for 78% of hospital and 98% of intensive 
care unit (ICU) admissions in children with an invasive 
bacterial or fungal infection in Switzerland [13]. Children 
after allogeneic bone marrow transplantation and those 
with contaminated blood cultures were excluded [13].

For this secondary analysis, we only included data on 
sepsis episodes with full information on organ dysfunc-
tion and if ICD-10 discharge codes were available. We 
followed the Standards for Reporting Diagnostic Accu-
racy statement [15].

ICD‑10 coding
During the study years, ICD-10 with German modifica-
tion codes was used to encode 1 main and up to 49 sec-
ondary diagnoses of every hospital stay in the medical 
statistic dataset of participating hospitals. All hospitals in 
Switzerland must submit this data to the Federal Office 
of Statistics annually [16]. ICD coding is performed 
by coding experts and governed by guidelines that are 
revised annually by the Swiss Federal Office of Statistics. 
ICD coding guidelines for sepsis in Switzerland evolved 
from Sepsis-1 to Sepsis-2 Consensus definitions in 2014. 
The 2005 IPSCC definitions for sepsis in children were 
adopted in 2015. For neonates, depending on postnatal 
age at sepsis onset, codes from chapter XVI on Perina-
tal Conditions (P00—P96) apply. Encoding is based on 
discharge letters and additional hospital documents. 
The SwissDRG performs annual audits of hospital cod-
ing data through its case mix office to prevent upcoding 
and ensure consistency of coding. We extracted ICD-10 
information on hospital admissions with sepsis episodes 
included in the Swiss Pediatric Sepsis Study from the 
medical statistics dataset of participating hospitals.

Definition of sepsis and organ dysfunctions
Swiss pediatric sepsis study
All children included in the Swiss Pediatric Sepsis Study 
experienced sepsis as defined by the 2005 IPSCC, and 
investigators prospectively assigned organ dysfunctions 
according to the 2005 IPSCC criteria [14, 17, 18]. The 
study team additionally monitored organ dysfunctions 
using all available clinical and laboratory investigations 
performed during the sepsis episode. In patients expe-
riencing more than one sepsis episode during the same 
hospital stay, we took the worst status for each organ 
dysfunction to define the numbers of organ dysfunctions 
present during the entire hospital stay.

ICD‑10 coding
For the ICD-10 coding abstraction of bacterial or fun-
gal infection, we used pathogen-specific sepsis codes, 
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pathogen-specific codes not associated with sepsis, and 
unspecific codes for bacterial infections (Additional 
file  1). For the ICD-10 coding abstraction of sepsis, we 
used the combination of ICD-10 codes for bacterial and 
fungal infection and SIRS codes (R57.2, R65.0, R65.1) 
and/or septic shock (A483). For the ICD-10 coding 
abstraction of sepsis with organ dysfunction, we com-
pared an “explicit” coding strategy—using a combina-
tion of ICD-10 codes for bacterial or fungal infection 
with ICD-10 codes specifically designed to capture SIRS 
and sepsis with organ dysfunction (R57.2, R65.1, and 
A48.3)—with an “implicit” coding strategy, additionally 
including a selection of ICD-10 codes for specific organ 
dysfunctions (Additional file 1).

Statistical analysis
We have presented descriptive statistics of continu-
ous data as median with interquartile range (IQR) and 
of categorical data as frequency with percentage. We 
calculated sensitivity, specificity, accuracy, positive and 
negative predictive values, and positive and negative 
likelihood ratios of explicit and implicit ICD-10 coding 
abstraction for sepsis with organ dysfunction using the 
validated Swiss Pediatric Sepsis Study data as a reference 
standard. For binomial proportions and likelihood ratios, 
we calculated corresponding 95% confidence intervals 
(CIs) [19, 20].

To explore the agreement of ICD-10 coding abstrac-
tion with validated study data in different subgroups of 
the Swiss Pediatric Sepsis Study population, we fitted 
multivariate binomial regression models. We defined 
agreement strictly as concordance with the validated 
study data with one exception: For implicit ICD-10 cod-
ing abstraction, we allowed for the absence of organ 
dysfunction in the validated study data because organ 
dysfunction might have had other reasons than sepsis. 
We included the patient risk category, acquisition of the 
infection in the hospital, presence of an organ dysfunc-
tion, ICU admission, pathogens, site of infection, and 
death as explanatory variables. To correct for the correla-
tion between multiple observations at the same hospital, 
we used a random effect. We have presented the results 
of regression analysis as odds ratios (ORs) with 95%-CIs 
and p values based on likelihood ratio tests.

We calculated the incidence of blood culture-proven 
bacterial sepsis for the study years 2012–2015. To cal-
culate age-specific incidence, we divided the number of 
annual admissions with sepsis in the study by the end-of-
year resident population in Switzerland in the respective 
age groups [21]. We calculated the incidence for different 
age groups, age-standardized to the European standard 
population, and estimated the national incidence as pre-
viously described [13].

We considered a two-sided p value less than 0.05 signif-
icant. We did all analyses and plots with R version 4.2.2 
[22].

Results
During the 52-month study period, 1005 episodes of 
blood culture-proven sepsis in 998 hospital admis-
sions met the eligibility criteria (Additional file  1: Fig. 
S1). Three hundred nineteen (32%) hospital admissions 
were in previously healthy children, 343 (34%) in neo-
nates, and 336 (34%) in children with comorbidities. The 
median age at blood culture sampling was 8 months (IQR 
0.6–68 months), and 401 (40%) of the admitted children 
were girls. In 362 (36%) admissions, sepsis was hospital-
acquired, and in 507 (51%), children were cared for in a 
neonatal or pediatric ICU during sepsis. In 572 (57%) 
admissions, at least one sepsis-related organ dysfunction 
was present. Sixty-seven (7%) children died in the first 
30 days after blood culture sampling, with a 30-day case 
fatality ratio in sepsis with organ dysfunction of 12% (66 
of 572, Table 1).

Sensitivity of ICD‑10 coding abstraction for bacteremia 
and sepsis compared to validated study data
A total of 895 (90%, 95%-CI 88–91) admissions were 
assigned an ICD-10 code for a bacterial or fungal infec-
tion, with a correct representation of the causative path-
ogen in 832 (83%, 95%-CI 81–86). A total of 596 (60%, 
95%-CI 57–63) admissions, including 379 (66%, 95%-
CI 62–70) admissions with research-confirmed organ 
dysfunction, were assigned an ICD-10 code for sepsis. 
The sensitivity of ICD-10 coding abstraction for sep-
sis increased from 53% (95%-CI 47–60) in 2012 to 65% 
(95%-CI 59–70) in 2015 (p = 0.01). Based on ICD-10 cod-
ing abstraction, the 30-day case fatality ratio in children 
with sepsis was 8% (95%-CI 6–11) (50 of 596), although 
25% (17 of 67) deaths in children with sepsis were not 
captured. The sensitivity of the ICD-10 coding abstrac-
tion of bacterial and fungal infections varied by pathogen 
and was better in children admitted to the ICU (Addi-
tional file 1: Table S1). The sensitivity of ICD-10 coding 
abstraction of sepsis varied by pathogen and by site of 
infection and was better in children admitted to the ICU 
(Additional file 1: Table S2).

Agreement of ICD‑10 coding abstraction of sepsis 
with organ dysfunction with validated study data
A total of 221 (39%) admissions with research-confirmed 
sepsis with organ dysfunction had been assigned explicit 
ICD-10 codes for sepsis with organ dysfunction with an 
accuracy of 60% (95%-CI 57–63) (Table 2). The sensitiv-
ity of explicit ICD-10 coding abstraction of sepsis with 
organ dysfunction increased from 31% (95%-CI 23–39) in 
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Table 1  Demographic and clinical characteristics of children with blood culture-proven sepsis

All hospital admissions 
in children with sepsis, 
n = 998

Hospital admissions without 
the agreement of ICD-10 coding 
abstraction of sepsis with validated 
study data, n = 402

Hospital admissions with the 
agreement of ICD-10 coding 
abstraction of sepsis with validated 
study data, n = 596

Median age at sepsis onset [years 
(IQR)]

0.67 (0.05–5.71) 2.47 (0.09–7.60) 0.26 (0.03–3.62)

Age groups

  Preterm newborn 225 (23%) 70 (17%) 155 (26%)

  Term newborn (< 28 days) 118 (12%) 33 (8%) 85 (14%)

  28–365 days 186 (19%) 58 (14%) 128 (21%)

  1–4 years 198 (20%) 94 (23%) 104 (17%)

  5–9 years 131 (13%) 76 (19%) 55 (9%)

  10–16 years 140 (14%) 71 (18%) 69 (12%)

Sex

  Female 401 (40%) 161 (40%) 240 (40%)

  Male 597 (60%) 241 (60%) 356 (60%)

Ethnicity

  White European 771 (77%) 310 (77%) 461 (77%)

  Asian 32 (3%) 17 (4%) 15 (3%)

  African 48 (5%) 21 (5%) 27 (5%)

  Mixed 44 (4%) 13 (3%) 31 (5%)

  Others 17 (2%) 8 (2%) 9 (2%)

  Missing 86 (9%) 33 (8%) 53 (9%)

Type of sepsis acquisition

  Community-acquired 636 (64%) 269 (67%) 367 (62%)

  Hospital-acquired 362 (36%) 133 (33%) 229 (38%)

CVAD present at the time of sepsis onset

  No 626 (63%) 241 (60%) 385 (65%)

  Yes 372 (37%) 161 (40%) 211 (35%)

Median length of hospital stay [days 
(IQR)]

16 (9–44) 14 (7–34) 17 (10–52)

Median length of hospital stay after 
sepsis onset [days (IQR)]

14 (8– 32) 12 (7–26) 15 (10–38)

Median length of antibiotic treatment 
for sepsis [days (IQR)]

14 (10–16) 14 (10–21) 14 (10–15)

Number of organ dysfunctions

  None 426 (43%) 209 (52%) 217 (36%)

  One 282 (28%) 116 (29%) 166 (28%)

  Two 119 (12%) 39 (10%) 80 (13%)

  Three 74 (7%) 17 (4%) 57 (10%)

  Four 52 (5%) 13 (3%) 39 (7%)

  Five 31 (3%) 4 (1%) 27 (5%)

  Six 14 (1%) 4 (1%) 10 (2%)

ICU admission

  No 491 (49%) 262 (65%) 229 (38%)

  Yes 507 (51%) 140 (35%) 367 (62%)

Reason for ICU admission

  Already on ICU at sepsis onset 256 (26%) 78 (19%) 178 (30%)

  Admitted to ICU for sepsis 251 (25%) 62 (15%) 189 (32%)

Median length of ICU stay [days (IQR)] 15 (4–52) 22 (5–66) 13 (4–48)

Median length of ICU stay after sepsis 
onset [days (IQR)]

10 (3–36) 12 (4–48) 10 (3–32)
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Table 1  (continued)

All hospital admissions 
in children with sepsis, 
n = 998

Hospital admissions without 
the agreement of ICD-10 coding 
abstraction of sepsis with validated 
study data, n = 402

Hospital admissions with the 
agreement of ICD-10 coding 
abstraction of sepsis with validated 
study data, n = 596

Non-invasive ventilation

  No non-invasive ventilation 843 (84%) 352 (88%) 491 (82%)

  Already on non-invasive ventilation 
at sepsis onset

95 (10%) 33 (8%) 62 (10%)

  Non-invasive ventilation due to 
sepsis

60 (6%) 17 (4%) 43 (7%)

Invasive ventilation

  No invasive ventilation 713 (71%) 324 (81%) 389 (65%)

  Already on invasive ventilation at 
sepsis onset

91 (9%) 31 (8%) 60 (10%)

  Invasive ventilation due to sepsis 194 (19%) 47 (12%) 147 (25%)

Catecholamine administration

  No 833 (83%) 370 (92%) 463 (78%)

  Yes 165 (17%) 32 (8%) 133 (22%)

Case fatality

  Survived 931 (93%) 385 (96%) 546 (92%)

  Died 67 (7%) 17 (4%) 50 (8%)

Median time to death from sepsis 
onset [days (IQR)]

3 (0–11) 4 (0–7) 2 (1–12)

Data are shown separately for hospital admissions without and with the agreement of ICD-10 coding abstraction with validated study data

CVAD central venous access device, ICD International Statistical Classification of Diseases and Related Health Problems, IQR interquartile range, ICU intensive care unit

Table 2  Sensitivity and specificity of ICD-10 coding abstraction for sepsis-related organ dysfunction

CI confidence interval, ICD International Statistical Classification of Diseases and Related Health Problems

Any sepsis-
associated 
organ 
dysfunction 
present 
according 
to validated 
study data

No sepsis-
associated 
organ 
dysfunction 
present 
according 
to validated 
study data

Sensitivity 
[% (95%-
CI)]

Specificity 
[% (95%-
CI)]

Positive 
predictive 
value [% 
(95%-CI)]

Negative 
predictive 
value [% 
(95%-CI)]

Positive 
likelihood 
ratio (95%-CI)

Negative 
likelihood ratio 
(95%-CI)

Explicit ICD-10 
coding abstrac‑
tion

35 (31–39) 95 (92–97) 90 (85–93) 52 (48–55) 6.7 (4.4–10.3) 0.69 (0.65–0.73)

Sepsis with 
organ dysfunc‑
tion

199 22

No sepsis with 
organ dysfunc‑
tion

373 404

Implicit ICD-10 
coding abstrac‑
tion

65 (61–69) 87 (84–90) 87 (84–90) 65 (61–69) 5 (3.9–6.5) 0.4 (0.36–0.45)

Sepsis with 
organ dysfunc‑
tion

371 55

No sepsis with 
organ dysfunc‑
tion

201 371
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2012 to 38% (95%-CI 31–46) in 2015 (p = 0.2). In hospital 
admissions assigned explicit ICD-10 codes for sepsis with 
organ dysfunction, the case fatality ratio was 18% (95%-
CI 14–24) (40 of 221) although 39% (26 of 66) deaths 
in children with sepsis with organ dysfunction were 
not captured. The agreement of explicit ICD-10 cod-
ing abstraction with validated study data varied by site 
of infection, pathogen and risk category and was better 
in children admitted to ICU and in children who did not 
survive (Table 3).

A total of 426 (74%) admissions with research-con-
firmed sepsis with organ dysfunction had been assigned 
implicit ICD-10 codes for sepsis with organ dysfunction 
with an accuracy of 74% (95%-CI 72–77) (Table  2). The 
sensitivity of implicit ICD-10 coding abstraction of sep-
sis with organ dysfunction increased from 62% (95%-CI 
53–70) in 2012 to 67% (95%-CI 59–74) in 2015 (p = 0.5). 
In hospital admissions assigned implicit ICD-10 codes 
for sepsis with organ dysfunction, the case fatality ratio 
was 14% (95%-CI 11–17) (58 of 426), although 12% (8 of 
66) deaths in children with sepsis with organ dysfunction 
were not captured. The agreement of implicit ICD-10 
coding abstraction of sepsis with organ dysfunction var-
ied by risk category was better in children who did not 
survive and if sepsis was hospital-acquired (Table 3).

Agreement of ICD‑10 coding abstraction of specific organ 
dysfunctions with validated study data
Children suffered from septic shock in 215 (22%), from 
respiratory dysfunction in 377 (38%), from hematological 
dysfunction in 286 (29%), from central nervous system 
dysfunction in 144 (14%), from hepatic dysfunction in 
98 (10%), and from renal dysfunction in 71 (7%) hospital 
admissions. The sensitivity of explicit ICD-10 codes for 
septic shock was 43% (95%-CI 37–50) while it was 54% 
(95%-CI 48–61) for implicit ICD-10 coding abstraction 
of cardiovascular dysfunction. The sensitivity of implicit 
ICD-10 coding abstraction was 27% (95%-CI 22–31) for 
respiratory dysfunction, 53% (95%-CI 47–59) for hema-
tological dysfunction, 8% (95%-CI 4–13) for central nerv-
ous system dysfunction, 13% (95%-CI 8–22) for hepatic 
dysfunction, and 58% (95%-CI 46–69) for renal dysfunc-
tion. The number of organ dysfunctions present was 
poorly represented by implicit ICD-10 coding abstraction 
(Additional file 1: Fig. S2).

Comparison of estimates of national sepsis incidence 
based on ICD‑10 coding abstraction compared to validated 
study data
We calculated the incidence of sepsis using the 989 hos-
pital admissions where sepsis occurred during the full 
study years (January 1, 2012, to December 31, 2015). 
The estimated national annual incidence of blood 

culture-proven bacterial sepsis was 21.0 per 100,000 chil-
dren (95%-CI 19.8–22.2) based on validated study data, 
compared to 12.5 per 100,000 children (95%-CI 11.7–
13.5) based on ICD-10 coding abstraction of sepsis. The 
estimated national incidence of blood culture-proven 
bacterial sepsis with any organ dysfunction was 12.0 per 
100,000 children (95%-CI 11.1–12.9) based on validated 
study data, 4.6 per 100,000 children (95%-CI 4.1–5.2) 
based on explicit, and 8.9 per 100,000 children (95%-CI 
8.2–9.7) based on implicit ICD-10 coding abstraction of 
sepsis with organ dysfunction. Overall, the incidence of 
sepsis was underestimated by ICD-10 coding abstraction 
across all age groups (Fig. 1).

Discussion
In this population-based, multicenter, prospective cohort 
study on blood culture-proven sepsis in children, a com-
prehensive ICD-10 coding strategy only captured 60% of 
hospital admissions in children with sepsis and 66% of 
hospital admissions in children with sepsis with organ 
dysfunction. The sensitivity of explicit ICD-10 coding 
abstraction of sepsis with organ dysfunction was only 
35%. Our findings show that ICD-10-based coding may 
severely underestimate sepsis burden, in terms of overall 
sepsis numbers, presence and severity of organ dysfunc-
tions, and the number of children that die. Our results 
are consistent with previous reports of poor performance 
of ICD coding to capture sepsis [9–12, 23] which is con-
cerning as most approaches to assess the burden of sepsis 
from a public health perspective remain exclusively based 
on coding-based databases.

Few studies have looked at the accuracy of ICD cod-
ing to identify pediatric patients with sepsis [11, 12]. In a 
single-center study in pediatric ICU patients with severe 
sepsis in the USA, explicit ICD-9 codes for severe sep-
sis (995.92) and septic shock (785.52) demonstrated a 
sensitivity of 72.8% and a PPV of 56.7% for the identifica-
tion of patients with severe sepsis or septic shock, which 
is comparable to our findings on sepsis overall [11]. A 
multicenter study in children older than 60 days in 6 US 
pediatric centers found a sensitivity of 73% and a posi-
tive predictive value of 79% using the same ICD-9 coding 
strategy [12]. In contrast, explicit ICD-10 coding abstrac-
tion for sepsis with organ dysfunction had a sensitivity of 
35% and a PPV of 90% in our cohort. We are not aware of 
any European cohort assessing coding accuracy in chil-
dren with sepsis in the past 10 years.

The sensitivity of ICD-10 coding abstraction for sep-
sis varied by pathogen, site of infection, and the need for 
ICU admission. The agreement of explicit ICD-10 cod-
ing abstraction for sepsis with organ dysfunction var-
ied by risk category, pathogen, site or type of infection, 
need for ICU admission, and survival. While the reasons 
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underlying systematic underreporting of sepsis in coding 
are difficult to elicit, we suspect that clinicians are much 
more likely to classify patients according to the source of 
infection (e.g., “pneumonia”) and not necessarily as septic 
[24–26].

Even for cardiovascular dysfunction, which represents 
the only sepsis-associated organ dysfunction that can be 
coded specifically with the ICD-10 system, the sensitivity 
of explicit ICD-10 code was only 43%. While other organ 
dysfunctions associated with sepsis are not explicitly rep-
resented by the ICD-10 code, we found wide variations 
in the sensitivities of implicit ICD-10 coding abstrac-
tion for specific organ dysfunctions. This was especially 
accentuated in neonates, where the lack of agreed criteria 
and scoring systems for organ dysfunction [27] clashes 
with the fact that ICD-10 codes for neonates (P-Codes) 
are less versatile than other ICD-10 codes. ICD-10 codes 
for neonates are not used to annotate organ dysfunction 
because of sepsis.

There is some evidence that hospital claims for sepsis 
may be biased towards more severely ill patients [28]. 
This is supported in our study, as the 30-day case fatal-
ity ratio was 12% in hospital admissions with sepsis 

with organ dysfunction but increased to 18% in hospital 
admissions with explicit ICD-10 codes for sepsis with 
organ dysfunction. This is in contrast to a point preva-
lence study on 126 pediatric ICUs across 6 continents, 
where clinicians defined severe sepsis as less severe than 
sepsis defined by consensus definition, albeit that study 
did not include ICD codes [25]. Interestingly, only 60% 
of deaths in our dataset were captured by explicit ICD-
10 codes, while implicit ICD-10 codes captured 87%. 
This may reflect that clinicians do not implicate sepsis as 
a contributor to death in children with complex medical 
conditions even if organ dysfunction and infection are 
associated with the demise of the patient [29].

ICD-11 [30], endorsed by WHO members in 2019, has 
addressed several of the shortcomings of ICD-10. Specifi-
cally, ICD-11 has implemented the Sepsis-3 definition of 
sepsis as a life-threatening organ dysfunction caused by 
a dysregulated host response to infection. ICD-11 allows 
for the capture of multi-organ dysfunction syndrome 
(ICD-11 MH16) and linking of information on the causa-
tive infectious agent and associated organ dysfunctions. 
Based on the low sensitivity of ICD-10 coding abstrac-
tion of sepsis with organ dysfunction compared to the 

Fig. 1  Comparison between using validated study data and ICD-10 coding abstraction to estimate the incidence of sepsis (A) and incidence of 
sepsis with organ dysfunction (B). Dots show the point estimates, and vertical lines represent the 95%-CIs around the point estimates for each 
age group. Estimates of the incidence of sepsis using validated study data are based on 989 hospital admissions, assuming participating hospitals 
captured 80% of admissions due to blood culture-proven sepsis in children less than 17 years of age in Switzerland (irrespective of age) [13]. 
Estimates of the incidence of sepsis using ICD-10 coding abstraction are based on 591 hospital admissions. Estimates of the incidence of sepsis with 
organ dysfunction using validated study data are based on 566 hospital admissions, assuming participating hospitals captured 90% of admissions 
due to blood culture-proven sepsis with organ dysfunction in children less than 17 years of age in Switzerland (irrespective of age) [13]. Estimates of 
the incidence of sepsis with organ dysfunction using explicit ICD-10 coding abstraction are based on 218 and for implicit ICD-10 coding abstraction 
on 420 hospital admissions
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validated study data, our findings suggest caution is war-
ranted for future direct comparison of estimates of sepsis 
with organ dysfunction based on ICD-10 versus sepsis 
captured based on ICD-11.

Several limitations of this study need to be considered. 
First, the organization of the healthcare system in Swit-
zerland and differences in demography and epidemiol-
ogy of childhood sepsis may limit the generalizability of 
our findings to other settings. Second, organ dysfunc-
tions captured by implicit ICD-10 codes for sepsis may 
reflect organ dysfunction resulting from other causes. 
Third, all children had blood culture-proven sepsis, pre-
venting the calculation of specificity, accuracy, predictive 
values, and likelihood ratios of ICD coding abstraction of 
sepsis without organ dysfunction. Fourth, we could not 
assess the quality of ICD coding abstraction of sepsis due 
to viral infections or culture-negative sepsis. Given the 
over-representation of codes for bacterial infections in 
ICD-10, it is likely that we overestimated the accuracy of 
the ICD-10 abstraction of sepsis.

Conclusions
We found a poor representation of sepsis with organ dys-
function by ICD-10 coding abstraction in children with 
bacterial sepsis in Switzerland. Based on our data, it is 
likely that studies assessing sepsis in children based on 
ICD-10 code abstraction severely underestimate the true 
burden of disease and that findings will not be compara-
ble to estimates based on ICD-11. New definitions of sep-
sis in children should prioritize applicability to all clinical 
settings, to enable clinicians to correctly recognize and 
report sepsis, which will in turn improve medical coding.
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