Sepsis incidence and mortality are
underestimated in Australian intensive
care unit administrative data
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The known The accuracy of estimates of the incidence and
mortality of sepsis in patients in Australian intensive care units
(ICUs) by the Australian and New Zealand Intensive Care Society
Centre for Outcome and Resource Evaluation is unknown.

The new When compared with the reference standard of
prospective clinical diagnosis, the database methodology
significantly underestimated the incidence of sepsis and
overestimated the incidence of septic shock; in-hospital
mortality rates for patients with septic shock were also
lower using the database criteria.

The implications An accurate, reliable, and reproducible
method is needed to determine the incidence and mortality
rates of sepsis and septic shock in Australian ICUs.

(S J

major threat to patient safety and a global health priority.'

At its 70th World Health Assembly (May 2017), it passed
a resolution, co-sponsored by Australia, that recommended
measures for “improving the prevention, diagnosis and clinical
management of sepsis”.” The resolution was prompted by the
conservative estimate that 30 million cases of sepsis each year cause
6 million deaths worldwide, many of them preven’cable.2 The
WHO noted that data on the epidemiology of sepsis are incomplete
for many countries, and almost totally lacking for low and middle
income countries.”* The resolution therefore specifically urged
WHO member states to investigate the national prevalence and
profile of sepsis, and to develop and foster epidemiologic surveil-
lance systems.'

T he World Health Organization has highlighted sepsis as a

Accurately quantifying the incidence and disease burden of sepsis
is difficult.” As there are no definitive tissue or serological tests for
sepsis, the gold standard for diagnosis is clinical identification of
organ dysfunction caused by infection.” At the population level,
this would require either prospective cohort studies or retrospec-
tive medical record reviews on a scale impractical for routine dis-
ease surveillance. Consequently, routinely collected data are
analysed to estimate the incidence and burden of sepsis, generally
based on International Classification of Disease (ICD) coding of
cases.”” A major United States study” recently found that estimates
of the incidence of sepsis based on ICD coding ranged between half
and twice the actual clinical rate, depending on the methods
applied. The lower estimate included only explicit diagnoses of
sepsis; that is, with an ICD-9, clinical modification (ICD-9-CM)
code for severe sepsis (995.92) or septic shock (785.52). The higher
estimate also included “implicit” diagnoses of sepsis, in which
patients had codes for both an infection and an organ dysfunction.”

Most estimates of the incidence and mortality rates of sepsis in
Australia have been based on studies of adult patients in intensive

Abstract

Objectives: To compare estimates of the incidence and
mortality of sepsis and septic shock among patients in
Australian intensive care units (ICUs) according to clinical
diagnoses or binational intensive care database (ANZICS CORE)
methodology.

Design, setting, participants: Prospective inception cohort
study (3-month inception period, 1 October — 31 December 2016,
with 60-day follow-up); daily screening of all patients in a
tertiary hospital 60-bed multidisciplinary ICU.

Main outcomes: Diagnoses of sepsis and septic shock
according to clinical criteria and database criteria; in-hospital
mortality (censored at 60 days).

Results: Of 864 patients admitted to the ICU, 146 (16.9%)
were diagnosed with sepsis by clinical criteria and 98 (11%)
according to the database definition (P < 0.001); the sensitivity
of the database criteria for sepsis was 52%, the specificity 97%.
Forty-nine patients (5.7%) were diagnosed with septic shock
by clinical criteria and 83 patients (9.6%) with the database
definition (P < 0.001); the sensitivity of the database criteria for
septic shock was 65%, the specificity 94%. In-hospital
mortality of patients diagnosed with sepsis was greater in the
clinical diagnosis group (39/146, 27%) than in the database
group (17/98, 17%; P = 0.12); for septic shock, mortality was
significantly higher in the clinical diagnosis group (18/49; 37%)
than in the database group (13/83; 16%; P = 0.006).

Conclusions: When compared with the reference standard —
prospective clinical diagnosis — ANZICS CORE database criteria
significantly underestimate the incidence of sepsis and
overestimate the incidence of septic shock, and also result in
lower estimated hospital mortality rates for each condition.

-

care units (ICUs). A prospective cohort study estimated that the
annual incidence of sepsis among adult patients in Australian and
New Zealand ICUs was 77 cases per 100 000 population, with in-
hospital mortality of 37.5%; that is, 17 000 cases and more than
6000 deaths."’

More recently, a retrospective analysis of the Australian and
New Zealand Intensive Care Society Centre for Outcome and
Resource Evaluation (ANZICS CORE) adult ICU patient
database applied methodology similar to that used to generate
implicit diagnoses from ICD coding. The study found that the
proportion of ICU patients with sepsis had increased from
7.2% in 2000 to 11.1% in 2012, with in-hospital mortality of
18.4% for patients with sepsis and 22.0% for those with septic
shock."'

As the outcomes of applying the ANZICS CORE methodology
had not been compared with the reference standard, prospective
clinical diagnosis, we conducted an inception cohort study to do so.
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Methods

Our study was conducted in the 60-bed multidisciplinary ICU at
the Royal North Shore Hospital in Sydney. All patients 18 years old
or more admitted to the ICU during 1 October — 31 December 2016
were screened daily by two members of the research team (MH,
MS) for clinical diagnoses of sepsis or septic shock. They were also
assessed with the ANZICS CORE criteria for sepsis and septic
shock.

Clinical definitions of sepsis and septic shock

The criteria for a clinical diagnosis of sepsis were based on the 1991
consensus criteria for severe sepsis, current in 2016; specifically,
organ dysfunction attributable to an infection (Box 1).'* The criteria
for clinical organ dysfunction were derived from those used in the
Recombinant Human Activated Protein C Worldwide Evaluation
in Severe Sepsis (PROWESS) study."® To confirm that treating
clinicians regarded a patient as having a clinically significant

infection, we further required that the patient was being treated
with intravenous antibiotics. When it was not clear from the
medical record whether organ dysfunction was related to the
infection, the treating intensive care specialist was asked to make
the judgement. For a diagnosis of septic shock, cardiovascular or-
gan failure after completion of fluid resuscitation that lasted more
than one hour was required.

Database (ANZICS CORE) definitions of sepsis and
septic shock

We applied the methodology of Kaukonen and colleagues,'' also
based on the 1991 consensus criteria,'? to assess data for the first 24
hours of the ICU admission. Diagnosis of sepsis required meeting
two or more criteria for systemic inflammatory response syndrome
(SIRS),'* an Acute Physiology and Chronic Health Evaluation
(APACHE) IIT'* admission diagnosis consistent with sepsis/septic
shock or an APACHE III admission diagnosis consistent with
infection, and organ failure (defined as a Sequential Organ Failure

Clinical definition of sepsis (A, B, C required)'?

1 Clinical and ANZICS CORE database definitions of sepsis and septic shock

ANZICS CORE database definition of sepsis (A and B, or A, C, D required)

A. The presence of a documented or suspected infection, defined as:
e A documented site of infection indicated by either:

» Isolation of an organism from blood or a normally sterile
tissue;

» An abscess or volume of infected tissue; eg, pneumonia,
peritonitis, soft tissue.

e A strong suspicion of infection based on clinical signs
of infection; for example:
» White blood cells in normally sterile fluid (eg, urine,
cerebrospinal fluid);

» Evidence of perforated viscus (eg, free air on abdominal
X-ray or computed tomography [CT] scan, acute peritonitis);

» Abnormal chest X-ray consistent with pneumonia.
B. Receiving intravenous antibiotics
C. Organ dysfunction related to the infection:

e Cardiovascular failure. MAP < 65 mmHg, or treatment with a
vasopressor (noradrenaline, vasopressin, or metaraminol) to
maintain MAP above 65 mmHg, after receiving more than 1L
crystalloid or more than 500 mL colloid in preceding 4 hours.

e Respiratory failure. Evidence of acute pulmonary dysfunction:
Pao,/Fio, < 250 and, if measured, a pulmonary capillary wedge
pressure not suggestive of central volume overload. If lung is
suspected site of infection: Pao,/Fio, < 200.

e Renal failure. Mean urine output below 0.5 mL/kg/h after
completion of fluid resuscitation (patient has not received any
fluid bolus for at least one hour) or pulmonary arterial wedge
pressure > 12 mmHg or central venous pressure > 8 mmHg.

e Haematology. Platelet count < 80 000/mm? or 50% decrease
in platelet count from the highest value recorded over preceding
3 days.

e Unexplained metabolic acidosis, defined by:
» pH < 7.30 or base deficit > 5.0 mEg/L; and

» Plasma lactate level more than 50% above upper limit of
reference range for reporting laboratory.

Clinical definition of septic shock (A, B and C required)'”

A. Two or more SIRS criteria:
e Body temperature > 38°C;
e Heart rate > 90/min;
e Respiratory rate > 20/min or Paco, < 32 mmHg (4.3 kPa);
e White blood cell count >12 000/pL (> 12 x 10°/L) or < 4000/pL
(< 4 x 10°/L).
B. APACHE IIl admission diagnosis consistent with sepsis

C. APACHE lIl admission diagnosis consistent with infection
accompanied by organ dysfunction:

e APACHE diagnosis consistent with infection:

» Non-operative: pneumonia, parasitic pneumonia, bacterial
pneumonia, viral pneumonia, gastrointestinal tract perforation,
gastrointestinal tract obstruction, neurologic infection, cellulitis,
soft tissue infection;

» Post-operative: respiratory infection, gastrointestinal tract
perforation or rupture, cholecystitis or cholangitis, fistula or
abscess surgery, peritonitis, cellulitis or soft tissue infection.

D. Organ dysfunction (SOFA score > 3, except for cardiovascular
organ failure):

e Cardiovascular failure. Lowest MAP < 65 mmHg or lowest systolic
pressure < 90 mmHg.

e Respiratory failure. Intubation and ventilation.
e Hepatic failure. Bilirubin level > 5.96 mg/dL (102 pmol/L).

e Renal failure. Highest creatinine level > 3.39 mg/dL (300 pmol/L)
or urine output < 410 mL/24 h or acute renal failure, defined as
urine output < 410 mL/24 h and creatinine level > 1.50 mg/dL
(133 ymol/L) and no chronic dialysis.

e Coagulation. Lowest platelet count < 50 x 103/pL (< 50 x 10°/L).

Database definition of septic shock (A and B, or A and C required)

A. Presence of a documented or suspected infection
B. Receiving intravenous antibiotics

C. Cardiovascular organ failure persisting longer than one hour after
completion of fluid resuscitation

A. Two or more SIRS criteria
B. APACHE Il admission diagnosis consistent with septic shock or

C. APACHE |l admission diagnosis consistent with infection or sepsis
accompanied by cardiovascular organ failure

ANZICS CORE = Australian and New Zealand Intensive Care Society Centre for Outcome and Resource Evaluation; APACHE = Acute Physiology and Chronic Health Evaluation;
MAP = mean arterial pressure; SIRS = systemic inflammatory response syndrome; SOFA = Sequential Organ Failure Assessment. 4




Assessment [SOFA] score'” of 3 or more in at least one domain). For
a diagnosis of septic shock, lowest mean arterial blood pressure
under 65 mmHg or lowest mean systolic blood pressure under
90 mmHg was required. Evidence of fluid resuscitation was not
required for a database diagnosis of septic shock (Box 1).

Data collection

All patients were screened daily for the presence of documented or
suspected infection; when the presence of infection was unclear,
the treating intensive care specialist was asked to make a judge-
ment. APACHE III diagnostic codes were separately assigned to
each patient by a member of the research team and by an inde-
pendent, trained data collector. Discrepancies were arbitrated by a
member of the research team not involved in screening for clinical
sepsis. For each admission with a documented or strong suspicion
of infection or an APACHE III code consistent with sepsis/septic
shock or infection, additional data were collected: date and time of
sepsis episode, site of infection, causative organism, SIRS criteria,
presence and type of organ dysfunction by clinical definition, and
SOFA score. Missing values were assumed to be normal. Patients
with clinical sepsis were screened daily for septic shock. Daily
screening was discontinued once a patient met the criteria for septic
shock, as no further hierarchical diagnosis was possible.

If a patient had several ICU admissions during the study period,
they were analysed as separate admissions. For patients without
sepsis, the baseline characteristics were drawn from data for the
firstadmission; for patients with sepsis, they were drawn from data
for the first admission with sepsis. For estimating the mortality
rate, patients were followed up to hospital discharge or for 60 days,
whichever period was shorter.

Data management and statistical analysis

Continuous, normally distributed data are presented as means
with standard deviations (SDs), non-normally distributed data as
medians with interquartile ranges (IQRs). Categorical data are

presented as numbers and proportions. Estimates of incidence are
presented with 95% confidence intervals (CIs). The significance of
differences between clinically and database-derived estimates was
assessed in Fisher exact tests, Mann—Whitney tests, or McNemar
tests as appropriate; P < 0.05 was deemed statistically significant.
Data were analysed in Stata 14.2 (StataCorp).

Ethics approval

The Northern Sydney Local Health Districc Human Research
Ethics Committee provided ethics and scientific approval for the
study and waived the requirement for individual patient consent
(reference, RESP/16/239).

Results

During the study period, 909 ICU admissions were recorded for
864 patients; their mean age was 62.1 years (SD, 17.6 years), 484
(56.0%) were men, and 380 admissions (44.0%) followed surgery.
Overall, 64 patients (7.4%) died in the ICU, and a total of 83 (9.6%)
died in hospital (Box 2).

Incidence of sepsis and septic shock

A total of 146 patients (16.9%; 95% CI, 14.5—19.6%) received clinical
diagnoses and 98 (11%; 95% CI, 9.3—14%) CORE-based diagnoses
of sepsis (P <0.001). Of the 146 patients with clinical sepsis, 76
(52%) satisfied the CORE criteria; 22 of 96 patients (23%) who
satisfied the CORE criteria did not receive a clinical diagnosis of
sepsis (Box 2, Box 3). For the CORE criteria, sensitivity was 52%,
specificity 97%, the positive predictive value 78%, and the negative
predictive value 91% (Box 4, online Appendix, table 1).

A total of 49 patients (5.7%; 95% CI, 4.1—7.2%) received clinical
diagnoses and 83 (9.6%; 95% CI, 7.6—12%) CORE-based diagnoses
of septic shock (P < 0.001); of the 83 patients with a CORE-based
diagnosis, 32 (39%) also received a clinical diagnosis of septic
shock (Box 2, Box 3). For the CORE criteria, sensitivity was 65%,

2 Demographic and clinical characteristics of 864 adult patients admitted to the intensive care unit (ICU) at Royal North Shore

Hospital, Sydney, 1 October — 31 December 2016

Clinical sepsis* Database sepsis*
All patients Present Not present Present Not present = Neither diagnosis

Number of patients 864 146 718 98 766 696
Sex (men) 484 (56.0%) 86 (59%) 398 (55.2%) 50 (51%) 434 (56.7%) 0.24 385 (55.3%)
APACHE Il score, mean (SD)* 45.0 (23.5) 62.2 (24.7) 41.4 (21.7) 59.8 (25.6) 43. (22.5) 0.44 41.4 (21.7)
Age (years), mean (SD) 62.1 (17.6) 64.4 (15.4) 61.6 (18.0) 64.7 (15.6) 61.8 (17.8) 0.89 61.6 (18.2)
Post-surgery admissions 380 (44.0%) 19 (13%) 361 (50.3%) 12 (12%) 368 (48.0%) 0.99 354 (50.9%)
ICU stay (days), median (IOR) 2 (1-4) 4.5 (2-8) 2(1-3) 3(2-7) 2 (1-3) 0.020 2(1-3)
Died in ICU 64 (7.4%) 32 (22%) 32 (4.5%) 16 (16%) 48 (6.3%) 0.33 31 (4.5%)
Died in hospital 83 (9.6%) 39 (27%) 44 (6.1%) 17 (17%) 66 (8.6%) 0.2 42 (6.0%)
Died in hospital within 28 days 76 (8.8%) 34 (23%) 42 (5.8%) 14 (14%) 62 (8.1%) 0.10 41 (5.9%)
Septic shock - 49 (34%) - 83 (84%) — < 0.001 -

Died in ICU - 18 (37%) - 12 (14%) — 0.005 -

Died in hospital - 18 (37%) - 13 (16%) — 0.006 —

Died in hospital within 28 days - 16 (33%) - 1 (13%) — 0.013 —
No septic shock — 97 (66%) — 15 (15%) — < 0.001 —
APACHE = Acute Physiology and Chronic Health Evaluation; IQR = interquartile range; SD = standard deviation. * Patients admitted more than once were classified as having
sepsis if they had sepsis during any admission, and as not having sepsis if they did not have sepsis during any admission. 1 Clinical sepsis v database sepsis. t For patients who did
not have sepsis: data from the first admission; for patients who had sepsis: data from the first admission with sepsis. ¢
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database criteria for sepsis and septic shock*

Diagnoses of sepsis Diagnoses of septic shock

Clinical Database Clinical
criteria 76 criteria criteria 32
146 98 49

3 Relationship between groups of patients satisfying clinical and

Database
criteria
83

Twenty-two patients had a false positive diagnosis of
sepsis with the database method; the most frequent rea-
sons were organ dysfunction not being related to infec-
tion (11 of 22 patients, 50%) and patients not meeting the
clinical criteria for organ dysfunction (8 of 22 patients,
36%) (Box 5).

Source of infection and causative organisms

The sources of infection and the organisms identified in
cases of clinical and CORE database sepsis are summar-
ised in the online Appendix, tables 2 and 3. The infection

was confirmed by positive cultures in 107 of 156 episodes
(68.6%; 95% CI, 60.6—75.7%) of clinical sepsis and for 73

criteria for each condition.

* The numbers in the overlapping areas indicate the numbers of patients satisfying both sets of

of 105 episodes (70%; 95% CI, 60—78%) of sepsis diag-
nosed by CORE criteria (P = 0.88).

specificity 94%, the positive predictive value 39%, and the negative
predictive value 98% (Box 4, online Appendix, table 1).

In a post hoc analysis we excluded patients diagnosed with clinical
sepsis more than 24 hours after ICU admission (25 of 146 [17%]
patients with diagnoses of clinical sepsis), as data for the CORE
database are collected only during the first 24 hours. In this
analysis, the sensitivity of the database criteria was 63%, the
specificity 97%, the positive predictive value 78%, and the negative
predictive value 94%. In a post hoc analysis excluding patients
diagnosed with clinical septic shock more than 24 hours after ICU
admission (16 of 49 patients, 32%), the sensitivity of the database
criteria was 85%, specificity 93%, the positive predictive value 34%,
and the negative predictive value 99% (online Appendix, table 1).

Reasons for false positive and false negative

diagnoses of sepsis using database criteria

Seventy patients had a false negative diagnosis of sepsis with the
database method; the most frequent reasons were absence of an
APACHE III diagnostic code for sepsis or infection (57 of 70 pa-
tients, 81%) and sepsis diagnosed more than 24 hours after
admission (25 of 70 patients, 36%) (Box 5).

Type of organ dysfunction

Type of organ system dysfunction for the clinical and the CORE
database sepsis groups are listed in Box 6. Cardiovascular organ
failure was more frequent in patients diagnosed with sepsis by
database criteria (85 of 105, 81%; 95% CI, 72—88%) than in patients
with a clinical diagnosis of sepsis (54 of 156, 35%; 95% CI, 27—43%;
P <0.001).

Patient outcomes

The median length of ICU stay for the 864 patients was 2 days (IOR,
1—4 days); in-hospital mortality, censored at 60 days, was 9.6% (83
of 864 patients; 95% CI, 7.8—12%). Length of stay was greater for
patients with a clinical diagnosis of sepsis (median, 4.5 days; IOR,
2—8 days) than for patients with a database diagnosis (median,
3 days; IQR, 2—7 days; P = 0.020). Of 146 patients diagnosed with
sepsis by clinical criteria, 39 (27%; 95% CI, 20—35%) died in hospital
within 60 days of admission, as did 17 of 98 patients (17.3%; 95% ClI,
11-27%) diagnosed by CORE criteria (P = 0.12). Eighteen of 49
patients (37%; 95% CI, 24—52%) diagnosed with septic shock by
clinical criteria died in hospital, and 13 of 83 patients (16%; 95% CI,
8.9—26%) diagnosed by database criteria (P =0.006) (Box 2).

1 October — 31 December 2016

4 Classification of 909 admissions of 864 patients to the intensive care unit at Royal North Shore Hospital, Sydney,

Screened for sepsis:
909 admissions —

No infection or
appropriate APACHE IlI

25 admissions

Organ dysfunction unrelated
to the infection:
77 admissions

Clinical diagnosis of
sepsis/septic shock:
156 admissions
(146 patients)

|
v v

(864 patients) code™: 628 admissions
I
v v
Suspect?gfg(r:t(?gﬁymented Appropriate APACHE Ill code™:
No intravenous antimicrobials: 277 admissions 131 admissions
19 admissions (260 patients) (122 patients) Fewer than 2 SIRS criteria:
No organ dysfunction: ﬁ’ 8 admissions

No organ dysfunction:

Clinical diagnosis of 18 admissions

sepsis/septic shock:
105 admissions
(98 patients)
[
v v

Septic shock:
50 admissions
(49 patients)

No septic shock:
106 admissions
(97 patients)

No septic shock:
18 admissions
(15 patients)

Septic shock:
87 admissions
(83 patients)

shock or an APACHE Ill admission diagnosis consistent with infection. ¢

APACHE = Acute Physiology and Chronic Health Evaluation; SIRS = systemic inflammatory response syndrome. * APACHE Il admission diagnosis consistent with sepsis/septic
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hospital. The estimated incidence of septic shock was
5 Reasons for false positive and false negative diagnoses of sepsis using higher when using the ANZICS CORE methodology.
the database criteria
Number of , Comparison with earlier reports
reasons Proportion . . L
Reason for false diagnosis (proportion) of patients Few studies have compared estimates of the inci-
False positive diagnoses (22 patients)* 3 dence and m.ortaht.y of sepsis based on c!mlcal
o o . assessment with estimates based on ICD coding or
Criteria for clinical organ dysfunction, 1 (48%) 50% the analysis of administrative data. A whole of hos-
but not related to the infection . . . .
pital study (nearly 1000 patients) in the United States
No criteria for clinical organ dysfunction 8 (35%) =6% indicated that the sensitivity of a surveillance system
No clinical infection 3 (13%) 14% for septic shock based on administrative data was
No intravenous antibiotics 1 (4%) 4% 74.8% with respect to retrospﬁctive chart review and
that of ICD-9 coding 48.3%, ° suggesting that both
False negative diagnoses (70 patients)’ 96 . & ° .. &8 & .
methods underestimated the incidence of sepsis and
No APACHE code consistent with 57 (59%) 81% septic shock.
sepsis or infection
Diagnosed with sepsis after the first 24 hours 25 (26%) 36% In a recently published US study, the incidence and
. . outcomes of sepsis during 2009—2014 were estimated
No criteria for database organ dysfunction 1 (12%) 16% R R
according to an Electronic Health Record (EHR)-based
i i (o) (o) . el . . e
Fewer than two SIRS criteria 3 3%) 4% surveillance definition, and also according to explicit or
APACHE = Acute Physiology and Chronic Health Evaluation; SIRS = systemic inflammatory response combined explicit and imp]jcit ICD-9-CM diagnostic
syndrome. * For one patient there were two reasons for the false positive diagnosis: no criteria for clinical codin: 9 None of the three methods identified all cases
organ dysfunction and no intravenous antibiotics. + Twenty-five patients had no APACHE code g . L. .
consistent with sepsis or infection as well as onset of sepsis 24 or more hours after intensive care unit detected bY r etrospectlve clinician chart review: EHR
admission; one patient met no criteria for database organ dysfunction and fewer than 2 SIRS criteria. ¢ surveillance and combined eXpliCit and iInpliCit diag—
nosis coding missed about 30% of sepsis cases, while

Among those diagnosed with sepsis or septic shock during the first
24 hours in the ICU, 32 of 121 patients (26%; 95% CI, 19—35%) with
a clinical diagnosis of sepsis and 17 of 98 patients (17%; 95% ClI,
11-27%) diagnosed by database criteria died (P = 0.14), as did 8
of 33 patients (24%; 95% CI, 12—43%) with a clinical diagnosis
of septic shock and 13 of 83 patients (16%; 95% CI, 8.9—26%)
with a database diagnosis of septic shock (P =0.29) (online
Appendix, table 4).

Discussion

Key findings

In this prospective study, we found that the estimated incidence
of sepsis among adult ICU patients was significantly higher
when based upon the reference standard — prospective clinical
diagnosis — than when applying the ANZICS CORE database
criteria, as was the proportion of patients with sepsis who died in

6 Types of organ system dysfunction

Clinical Database
Organ system sepsis sepsis P
Number of episodes 156%* 1057
Cardiovascular shock 50 (32%) 85 (81%) < 0.001
Other cardiovascular 4 (3%) NA NA
Renal 89 (57%) 10 (9.5%) < 0.001
Respiratory 104 (67%) 32 (30%) < 0.001
Haematologic 13 (8.3%) 12 (11%) 0.40
Hepatic NA 7 (7%) NA
Unexplained metabolic acidosis 20 (13%) NA NA
NA = not applicable (not included in the relevant definition). * 280 instances of
organ dysfunction in 156 episodes; more than one type of organ dysfunction for 78
episodes (50%). t 146 instances of organ dysfunction; more than one type of organ
dysfunction for 39 episodes (37%) and no organ failure in 12 episodes (11%). ¢

including only cases with explicit ICD-9-CM coding
missed 68%. False discovery rates were 20% for the EHR method
and 70% for combined explicit and implicit diagnosis coding.9

The differences we found between estimates for sepsis and septic
shock based on clinical and database criteria-based diagnoses may
have several explanations. First, the ANZICS CORE includes data
only for the first 24 hours in the ICU, and the estimate therefore
applies only to sepsis apparent on admission to the ICU. Second,
the APACHE III system allows only one diagnostic code to be
allocated, and patients with sepsis may be coded for another reason
for ICU admission. Inter-observer variability in the allocation of
APACHEIII codes is well recognised.] 718 Third, itis not possible to
indicate a causal or temporal relationship between organ
dysfunction and infection when coding, which could lead to
misdiagnosis of sepsis in some patients. Fourth, the CORE data-
base collects physiological data that are used to generate APACHE
III scores, but these data are not aligned with clinical criteria for
organ dysfunction, leading to inaccuracies in estimates of its inci-
dence. This is particularly evident with regard to septic shock; its
incidence was higher using CORE criteria, as they require only
mild transient hypotension rather than the recognised clinical
criterion of hypotension after restoration of intravascular volume.

Strengths and limitations

The main strength of our study was its prospective nature and the
daily screening of all patients in the ICU. In addition, we faithfully
and prospectively replicated the ANZICS CORE methodology.
Limitations include the fact that it was a single centre study con-
ducted over a short time period, which may limit the general-
isability of our findings. The study was conducted during summer,
and seasonal differences may have affected our findings, although
this would apply to both diagnostic methods."”

Conclusion

Our study indicates that the incidence of sepsis among adult pa-
tients in an ICU is significantly underestimated and that of septic
shock overestimated by ANZICS CORE criteria. This method also
underestimates the proportions of patients with sepsis or septic
shock who die in hospital.
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Prospective cohort studies are resource-intensive and time-
consuming, and are therefore impractical for ongoing disease
surveillance. Calibration of methods based on ICD coding and
routinely collected data (such as those of ANZICS CORE) in cohort
studies similar to ours could increase the accuracy of data on the
incidence and burden of sepsis, a major public health challenge and
a threat to patient safety.

Acknowledgements: We acknowledge the support of the Royal North Shore Hospital intensive
care unit staff. Manon Heldens received funding from the Radboud Honours program “Beyond the
Frontiers”, Radboud University, Nijmegen, The Netherlands. Simon Finfer is supported by a National
Health and Medical Research Committee Practitioner Fellowship.

Competing interests: No relevant disclosures.
Received 12 Feb 2018, accepted 29 June 2018. ®

© 2018 AMPCo Pty Ltd. Produced with Elsevier BV. All rights reserved.

Reinhart K, Daniels R, Kissoon N, et al. Recognizing analysis of incidence, outcome, and associated costs of 14 Knaus WA, Wagner DP, Draper EA, et al. The APACHE I
sepsis as a global health priority — a WHO resolution. care. Crit Care Med 2001; 29: 1303-1310. prognostic system: risk prediction of hospital mortality
N Engl J Med 2017; 377: 414-417. 8 Martin GS, Mannino DM, Eaton S, Moss M. The for critically lll hospitalized adults. Chest 1991; 100:
World Health Organization. Service delivery and safety: epidemiology of sepsis in the United States from 1979 1619-1636.

improving the prevention, diagnosis and clinical through 2000. N Engl J Med 2003; 348: 1546-1554. 15 Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-
management of sepsis. http://www.who.int/ 9 Rhee C, Dantes R, Epstein L, et al. Incidence and trends related Organ Failure Assessment) score to describe
servicedeliverysafety/areas/sepsis/en/ (viewed of sepsis in US hospitals using clinical vs claims data, organ dysfunction/failure. Intensive Care Med 1996; 22:
June 2018). 2009-2014. JAMA 2017; 318: 12411249, 707-71C.

Fleischmann C, Scherag A, Adhikari NK, et al. 10 Finfer S, Bellomo R, Lipman J, et al. Adult-population 16 Kadri SS, Rhee C, Strich JR, et al. Estimating ten-year
Assessment of global incidence and mortality of incidence of severe sepsis in Australian and New trends in septic shock incidence and mortality in United
hospital-treated sepsis: current estimates and Zealand intensive care units. Intensive Care Med 2004; States academic medical centers using clinical data.
limitations. Am J Respir Crit Care Med 2016; 193: 259-272. 30 589-596. Chest 2017; 151: 278-285.

Finfer S, Machado FR. The global epidemiology of sepsis. 1 Kaukonen KM, Bailey M, Suzuki S, et al. Mortality related 17 Cohen J, Vincent JL, Adhikari NK, et al. Sepsis: a

Does it matter that we know so little? Am J Respir Crit to severe sepsis and septic shock among critically ill roadmap for future research. Lancet Infect Dis 2015; 15:
Care Med 2016; 193: 228-230. patients in Australia and New Zealand, 2000—2012. 581-614.

Rudd KE, Delaney A, Finfer S. Counting sepsis, an JAMA 2014; 311: 1308-1316. 18 Epstein L, Dantes R, Magill S, Fiore A. Varying
imprecise but improving science. JAMA 2017; 318: 12 Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis estimates of sepsis mortality using death

1228-1229. and organ failure and guidelines for the use of certificates and administrative codes — United States,
Singer M, Deutschman CS, Seymour C. The third innovative therapies in sepsis. Chest 1992; 101: 1999—-2014. MMWR Morb Mortal Wkly Rep 2016; 65:
international consensus definitions for sepsis and septic 1644-1655. 342-345.

shock (Sepsis-3). JAMA 2016; 315: 801-810. 13 Bernard GR, Vincent J-L, Laterre P-F, et al. Efficacy and 19 Danai PA, Sinha S, Moss M, et al. Seasonal variation in

Angus DC, Linde-Zwirble WT, Lidicker J, et al.
Epidemiology of severe sepsis in the United States:

safety of recombinant human activated protein C for
severe sepsis. N Engl J Med 2001; 344: 699-709.

the epidemiology of sepsis. Crit Care Med 2007; 35:
410-415. W


http://www.who.int/servicedeliverysafety/areas/sepsis/en/
http://www.who.int/servicedeliverysafety/areas/sepsis/en/

	Sepsis incidence and mortality are underestimated in Australian intensive care unit administrative data
	Methods
	Clinical definitions of sepsis and septic shock
	Database (ANZICS CORE) definitions of sepsis and septic shock
	Data collection
	Data management and statistical analysis
	Ethics approval

	Results
	Incidence of sepsis and septic shock
	Reasons for false positive and false negative diagnoses of sepsis using database criteria
	Source of infection and causative organisms
	Type of organ dysfunction
	Patient outcomes

	Discussion
	Key findings
	Comparison with earlier reports
	Strengths and limitations
	Conclusion

	Acknowledgements


