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Background. National reports of a dramatic rise in sepsis incidence are largely based on analyses of administra-
tive databases. It is unclear if these estimates are biased by changes in coding practices over time.

Methods. We calculated linear trends in the annual incidence of septicemia, sepsis, and severe sepsis at 2 aca-
demic hospitals from 2003 to 2012 using 5 different claims methods and compared case identification rates to se-
lected objective clinical markers, including positive blood cultures, vasopressors, and/or lactic acid levels.

Results.
54% increase for the method combining septicemia, bacteremia, and fungemia codes (P <.001 for linear trend) to a

The annual incidence of hospitalizations with sepsis claims increased over the decade, ranging from a

706% increase for explicit severe sepsis/septic shock codes (P =.001). In contrast, the incidence of hospitalizations
with positive blood cultures decreased by 17% (P = .006), and hospitalizations with positive blood cultures with con-
current vasopressors and/or lactic acidosis remained stable (P =.098). The sensitivity of sepsis claims for capturing
hospitalizations with positive blood cultures with concurrent vasopressors and/or lactic acidosis increased (P <.001
for all methods), whereas the proportion of septicemia hospitalizations with positive blood cultures decreased from
50% to 30% (P <.001).

Conclusions. The incidence of hospitalizations with sepsis codes rose dramatically while hospitalizations with
corresponding objective clinical markers remained stable or decreased. Coding for sepsis has become more inclusive,
and septicemia diagnoses are increasingly being applied to patients without positive blood cultures. These changes
likely explain some of the apparent rise in sepsis incidence and underscore the need for more reliable surveillance
methods.
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Multiple reports suggest that the incidence of septice-
mia, sepsis, and severe sepsis has been increasing stead-
ily for the past several decades [1-4]. Data from the
National Hospital Discharge Survey, for example, re-
cently demonstrated a doubling of septicemia and sep-
sis rates in the United States from 2000 to 2008 [4].

Received 15 July 2014; accepted 11 September 2014; electronically published 25
September 2014.

Correspondence: Chanu Rhee, MD, Department of Population Medicine, Harvard
Medical School and Harvard Pilgrim Health Care Institute, 133 Brookline Ave, 6th
Floor, Boston, MA 02215 (crhee1@partners.org).

Clinical Infectious Diseases® 2015;60(1):38-95

© The Author 2014. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.

DOI: 10.1093/cid/ciu750

Commonly cited explanations for this emerging crisis
include the aging population, increasing use of immu-
nosuppression and invasive procedures, and the spread
of multidrug-resistant pathogens [5-7]. Most existing
studies on temporal trends, however, are based on anal-
yses of administrative data. It is therefore possible that
some of the observed increase in incidence is due to
changes in diagnosis and coding practices rather than
true increases in disease frequency [8-10].

An accurate understanding of trends in sepsis burden
has critical public health and policy implications, par-
ticularly in light of the proliferation of sepsis quality im-
provement initiatives, regulatory mandates for sepsis
care, and public reporting for sepsis-related outcomes
[10]. However, estimates of changing sepsis burden
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over time may be particularly susceptible to shifts in diagnosis
and coding patterns for several reasons. The clinical definition
of sepsis includes subjective components, most notably the cli-
nician’s opinion on whether or not the patient’s clinical syn-
drome is due to infection and, in the case of severe sepsis,
whether or not acute organ dysfunction is present and attribut-
able to infection. Estimating sepsis rates using claims could
compound this uncertainty because education and care im-
provement campaigns, public reporting requirements, and re-
imbursement incentives are exerting continual pressures on
the ways clinicians and hospitals diagnose and code for sepsis.

Imprecise and changing use of terminology may also be
a source of bias. For example, the term “septicemia” technic-
ally refers to infection in the blood (from the Greek aiua,
heme = blood) but in practice has been used variably to describe
infections with and without positive blood cultures [11, 12].
Due to this confusion, the American College of Chest Physi-
cians and the Society of Critical Care Medicine recommended
discarding the term in 1991 [13], but it is still often used inter-
changeably with sepsis and remains a major component of cod-
ing schemes for epidemiologic studies of sepsis [1-4, 14, 15].

Our aim was to examine trends in sepsis incidence and cod-
ing patterns by comparing claims data to objective clinical
markers for “septicemia” and severe sepsis, such as positive
blood cultures, vasopressor use, and lactic acidosis. We focused
on vasopressors and lactic acidosis because they represent an
abnormal state of hypoperfusion, regardless of baseline organ
function, and unambiguously equate to severe sepsis/septic
shock in the presence of positive blood cultures with significant
pathogens.

METHODS

Setting, Population, and Data Source

We identified all patients aged >18 years admitted to Massa-
chusetts General Hospital and Brigham and Women'’s Hospital
between 1 January 2003 and 31 December 2012. Massachusetts
General Hospital (950 beds) and Brigham and Women’s Hos-
pital (779 beds) are academic hospitals located in Boston, Mas-
sachusetts. We retrieved comprehensive clinical data on all
patients who had either a blood culture drawn and/or Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) discharge diagnosis codes indicative of
septicemia, sepsis, or severe sepsis (defined below). We retrieved
patients’ demographics, ICD-9-CM codes, medications, labora-
tory results, and dates of admission, discharge, and death from
the hospital’s Research Patient Data Registry [16], a centralized
clinical data warehouse. We obtained blood culture data from
the clinical microbiology laboratory data. We derived patients’
comorbidities from their ICD-9-CM and diagnosis-related
group codes using the methods of Elixhauser et al and Charlson

et al [17, 18]. We calculated the total number of adult inpatient
discharges per year by searching for unique records associated
with a diagnosis-related group code.

Claims Definitions

Septicemia, Sepsis, and Severe Sepsis

We examined several different claims-based definitions
(Table 1): (1) septicemia codes (038) [4]; (2) the “Martin” def-
inition of sepsis, consisting of codes that imply a disseminated
bloodstream infection (septicemia, bacteremia, and fungemia)
[1]; (3) “explicit” severe sepsis (995.92) and septic shock
(785.52) codes; and (4) 2 commonly cited “implicit” code com-
binations used to denote severe sepsis: the “Angus” and “Dom-
brovskiy” definitions. The Angus definition uses 1286 codes for
infection and 13 codes for acute organ dysfunction; if a code
from both categories is present, the patient is labeled as having
severe sepsis [14]. We used a published, modified version that
also labels patients as Angus-positive if explicit severe sepsis
or septic shock codes are present [19]. The Dombrovskiy defi-
nition uses a similar scheme of infection and organ dysfunction,
but mainly relies on septicemia codes [2]. The ICD-9-CM codes
for sepsis (995.91), severe sepsis (995.92), and septic shock
(785.52) were introduced in October 2002, before the beginning
of our study period.

Hpypotension/Shock and Lactic Acidosis

We compiled the different hypotension and cardiovascular
shock codes used in the Angus, Dombrovskiy, and Martin stud-
ies into 1 set of codes (Table 1). We also examined the code for
metabolic/lactic acidosis used in the Martin study (276.2).

Objective Clinical Markers of Septicemia and Severe Sepsis
Positive Blood Cultures

As a comparison for septicemia and the Martin codes, we exam-
ined the incidence of all hospitalizations with at least 1 positive
blood culture, and the sensitivity and positive predictive value
(PPV) of septicemia and Martin codes for identifying these hos-
pitalizations. As per Centers for Disease Control and Prevention
criteria, positive blood cultures with common commensal or-
ganisms were disregarded, unless they were isolated from at
least 2 cultures drawn on separate occasions on 2 consecutive
calendar days (Table 1) [20].

Positive Blood Cultures With Concurrent Vasopressors or
Lactic Acidosis

We examined the incidence of hospitalizations with positive
blood cultures with either vasopressors (defined as dopamine,
norepinephrine, vasopressin, phenylephrine, or epinephrine)
or a lactic acid level >4.0 mmol/L within +1 day of the positive
culture (hereafter referred to as positive BC + pressor or LA + 1
day). Because severe sepsis can occur without bacteremia and
with more mild forms of organ dysfunction, we focused this
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Table 1.

Claims Definitions and Corresponding Objective Clinical Markers for Comparison

Claims Definition

ICD-9-CM Codes?

Clinical Markers

Septicemia
Martin sepsis
Angus severe sepsis

038
020.0, 038, 112.5, 112.81, 117.9, 790.7

Infection codes: 001-005, 008-018, 020-027, 030-041,
090-098, 100-104, 110-112, 114-118, 320, 322, 324, 325,
420, 421, 451, 461-465, 481, 482, 485, 486, 491.21, 494, 510,
513, 540-542, 562.01, 562.03, 562.11, 562.13, 566, 567,
569.5, 569.83, 572.0, 572.1, 575.0, 590, 597, 599.0, 601, 614,
615, 616, 681-683, 686, 711.0, 730, 790.7, 996.6, 998.5, 993.3

AND

Organ dysfunction codes: 96.7, 286.6, 286.9, 287.4, 287.5, 293,
348.1, 348.3, 458, 570, 573.4, 584, 785.5

Positive blood cultures®
Positive blood cultures

Positive blood culture + vasopressor® use or lactic
acid >4.0 mmol/L within +1 d of culture

OR
995.92, 785.52 alone
Dombrovskiy severe
sepsis
AND

Infection codes: 003.1, 020.2, 022.3, 036.2, 036.3, 038.0-038.4,
038.8, 038.9, 0564.5, 098.89, 112.5, 785.52, 995.91, 995.92

Positive blood culture + vasopressor use or lactic
acid >4.0 mmol/L within +1 d of culture

Organ dysfunction codes: 286.6, 286.9, 287.5, 293.0, 297 .4,
348.1, 348.3, 427.5, 458.0, 458.8, 458.9, 518.81, 518.82, 570,
572.2, 573.4, 5684, 780.01, 785.5, 786.09, 799.1, 796.3

Explicit severe sepsis/
septic shock

Hypotension/shock

Metabolic/lactic
acidosis

7856.52, 995.92

427.5, 458.0, 458.8, 458.9, 785.5, 796.3
276.2

Positive blood culture + vasopressor use or lactic
acid >4.0 mmol/L within +1 d of culture

Vasopressor use
Lactic acid >4.0 mmol/L

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.

@ Where 3- or 4-digit codes are listed, all associated subcodes were included. Codes were taken from diagnoses on hospital discharge.

® Blood cultures positive for common commensal organisms (Corynebacterium species other than C. diphtheriae, Bacillus species other than B. anthracis,
Propionibacterium species, coagulase-negative staphylococci, viridans group streptococci, Aerococcus species, and Micrococcus species) were disregarded,
unless they were isolated from at least 2 cultures drawn on separate occasions on 2 consecutive calendar days.

¢ Vasopressors were defined as dopamine, norepinephrine, vasopressin, phenylephrine, or epinephrine.

comparison on the sensitivity of claims rather than PPV. We ex-
amined trends in the sensitivity of all of the claims definitions
because this unambiguous septic event captures the entire spec-
trum of septicemia, sepsis, and severe sepsis/septic shock.

Hpypotension/Shock and Lactic Acidosis

Within the cohort of patients with blood cultures drawn or a
sepsis-related ICD-9-CM discharge code, we examined whether
hypotension/shock codes have become more sensitive over time
by examining the use of vasopressors. We focused on sensitivity
rather than PPV because many patients with hypotension do
not require vasopressors. Similarly, we examined the sensitivity
of the lactic acidosis code for identifying patients with a lactic
acid level >4.0 mmol/L.

Analyses

We assessed for linear trends in incidence, claims sensitivity and
PPV, and mortality between 2003 and 2012. Average annual
changes in outcomes were calculated using fitted linear trends;
annual changes in incidence were calculated using 2003 values
as the baseline for comparison. Exact binomial 95% confidence
intervals (ClIs) were calculated for estimated proportions for
sensitivity and PPV. All analyses were performed using SAS

software version 9.3 (SAS Institute, Cary, North Carolina).
We considered P <.05 to be statistically significant and used
2-tailed tests. This study was approved by the Partners Health-
care Institutional Review Board.

RESULTS

Over the 10-year period, there were 1 002 815 adult hospital dis-
charges. The demographic, clinical, and microbiological charac-
teristics of patients with different sepsis claims and objective
clinical markers are shown in Table 2.

Trends in Incidence of Sepsis Claims Versus Objective Clinical
Markers

The annual incidence of hospitalizations with sepsis-related
claims definitions increased significantly over the decade
(Table 3 and Figure 1A), ranging from an overall 54% increase
from 2003 to 2012 for Martin sepsis codes (average annual in-
crease, 4.7% [95% CI, 3.8%-5.5%]; P < .001 for linear trend) to a
706% increase for explicit severe sepsis/septic shock codes
(average annual increase, 59.3% [95% CI, 39.9%-78.8%];
P=.001). In contrast, the incidence of hospitalizations with at
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Table 2. Characteristics and Outcomes of Patients With Sepsis Claims and Objective Clinical Markers of Septicemia and Severe Sepsis/
Septic Shock, 2003-2012

Patient Positive
Characteristics and Severe Sepsis/ BC + Pressor
Outcomes Septicemia Martin Angus Dombrovskiy — Septic Shock Positive BC orLA+1d
No. of discharges, 18254 (2%) 29409 (4%) 60770 (9%) 13943 (2%) 9426 (1%) 20578 (3%) 4119 (0.6%)
2003-2012
(N=1002815)

Male 10038 (55%) 16234 (55%) 31793 (62%) 7864 (56%) 5287 (66%) 11269 (55%) 2436 (59%)

Non-white race 3996 (22%) 6514 (22%) 12670 (21%) 2953 (21%) 2011 (21%) 4793 (23%) 945 (23%)

Mean age 63.0 61.4 65.7 63.8 63.9 59.8 61.7

Mean Charlson score 3.8 3.8 3.7 3.8 3.8 3.7 3.8

Comorbidities
Diabetes 2514 (14%) 4524 (15%) 10908 (18%) 1603 (12%) 1002 (11%) 3513 (16%) 550 (13%)
Heart failure 3742 (21%) 5426 (18%) 14744 (24%) 3146 (23%) 2142 (23%) 3183 (15%) 874 (21%)
Liver disease 1083 (6%) 1864 (6%) 3667 (6%) 932 (7%) 563 (6%) 1409 (7%) 334 (8%)
Lung disease 2159 (12%) 3423 (12%) 10303 (17%) 1583 (11%) 1037 (11%) 2299 (11%) 434 (11%)
Lymphoma 891 (5%) 1763 (6%) 2667 (4%) 681 (5%) 442 (5%) 1303 (6%) 205 (5%)
Metastatic cancer 2061 (11%) 3193 (11%) 5688 (9%) 1419 (10%) 904 (10%) 2532 (12%) 454 (11%)
Renal disease 2691 (15%) 4586 (16%) 10394 (17%) 1962 (14%) 1288 (14%) 2788 (14%) 595 (14%)

>1 BC drawn 17675 (97%) 28472 (97%) 47111 (78%) 13539 (97%) 9156 (97 %)

Positive BCs® 6806 (37%) 14028 (48%) 9378 (15%) 4997 (36%) 3194 (34%) S
Gram positive 3218 (18%) 7515 (26%) 5025 (8%) 2309 (17%) 1454 (15%) 11320 (5 ( 5%) 2053 (50%)
Gram negative 2594 (14%) 4662 (16%) 2953 (5%) 1764 (13%) 1159 (12%) 6675 (32%) 1361 (33%)
Fungi 272 (1%) 668 (2%) 590 (1%) 395 (3%) 220 (2%) 974 (5%) 251 (6%)
Multiple 721 (4%) 1179 (4%) 805 (1%) 527 (4%) 359 (4%) 1598 (8%) 452 (11%)
Mycobacterial 1(0.01%) 4 (0.01%) 5(0.01%) 2 (0.01%) 2 (0.02%) 1 (0.05%) 2 (0.05%)

Vasopressor use 12092 (61%) 13327 (45%) 23587 (39%) 10149 (73%) 7608 (81%) 7013 (34%) 3925 (95%)

Median hospital LOS 12 (6-22) 1(6-22) 1 (6-20) 13 (7-25) 14 (7-25) 12 (7-24) 15 (8-29)
(IQR)

Hospital mortality 4889 (27 %) 5398 (18%) 8582 (14%) 4659 (33%) 3488 (37%) 2782 (14%) 1427 (35%)

Data are presented as No. (%) unless otherwise specified.

Abbreviations: BC, blood culture; IQR, interquartile range; LA, lactic acidosis; LOS, length of stay.

@ The breakdown of positive blood cultures refers to the first positive blood culture in the hospitalization, except for “Positive BC + Pressor or LA+ 1 d,” where it
refers to the first positive blood culture associated with concurrent vasopressor use or lactic acidosis within +1 day.

least 1 positive blood culture decreased 17%, from 213 cases per
10 000 discharges to 176 cases in 2012 (average annual decrease,
3.2% [95% CI, 1.7%-4.7%]; P = .006; Figure 1B). There was a
nonsignificant increase in incidence of hospitalizations with
positive BC + pressor or LA + 1 day, from 38 cases per 10 000
discharges in 2003 to 41 cases in 2012 (average annual increase,
0.9% [95% CI, .0%-1.8%]; P =.098). There was no significant
change in incidence of hospitalizations with at least 1 blood cul-
ture drawn, with 1848 cases per 10 000 discharges in 2003
to 2044 cases in 2012 (average annual increase, 0.2% [95%,
CIL, —.7 to 1.2%]; P = .646).

Trends in Hospital Mortality

The in-hospital mortality of patients meeting all sepsis claims
definitions decreased significantly over the 10-year period
(Table 3). Hospital mortality rates also declined for patients

with positive blood cultures, from 15.7% to 11.6% (average an-
nual decrease, 0.3% [95% CI, .1%-.5%]; P =.036) and for pa-
tients with positive BC + pressor or LA + 1 day, from 42.4% to
31.6% (average annual decrease, 0.7% [95% CI, .1%-1.3%];
P=.057).

Trends in Sensitivity and PPV of Claims Versus Objective Clinical

Markers

The change in claims performance over time is summarized in
Table 4. The sensitivity of both septicemia and Martin sepsis
codes for identifying hospitalizations with positive blood cul-
tures increased, but was statistically significant only for Martin
codes. When using positive BC + pressor or LA + 1 day as a ref-
erence, the sensitivity of all claims-based septicemia, sepsis, and
severe sepsis definitions increased significantly over time
(Table 4 and Figure 2). This was most dramatic for explicit
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Table 3. Change From 2003 to 2012 in Incidence and Hospital Mortality Rates Associated With Sepsis Claims and Hospitalizations With
Objective Clinical Markers of Septicemia and Severe Sepsis/Septic Shock

Incidence Mortality
2003, per 2012, per 10-y P Value 10~y P Value
10000 (Total 10000 (Total Relative  for Linear 2003 (Total 2012 (Total Relative  for Linear
Claim Cases) Cases) Change Trend Deaths) Deaths) Change Trend
Claims
Septicemia 135 (1400) 239 (2551) 77% .002 30.9% (432)  23.4% (598) —24% <.001
Martin sepsis 226 (2348) 348 (3715) 54% <.001 20.7% (487)  17.1% (635) -17% .012
Angus severe sepsis 429 (4466) 745 (7951) 74% <.001 17.6% (784) 12.6% (1000) —28% <.001
Dombrovskiy severe 92 (959) 190 (2026) 106% <.001 41.1% (394) 28.5% (578) -31% <.001
sepsis
Explicit severe sepsis/ 17 (180) 137 (1467) 706% .001 50.0% (90) 32.2% (473) —-36% <.001
septic shock
Objective clinical markers
Positive BC 213 (2218) 176 (1881) -17% .006 15.7% (348)  11.6% (218) -26% .036
Positive BC + pressor or 38 (392) 41 (433) 8% .098 42.4% (166) 31.6% (137) —25% .057
LA+1d

Abbreviations: BC, blood culture; LA, lactic acidosis.

severe sepsis/septic shock codes, increasing from 13.3% (52/392
cases; 95% CI, 10.1%-17.0%) in 2003 to 60.3% (261/433 cases;
95% CI, 55.5%-64.9%; P <.001 for linear trend), and also for
the Dombrovskiy severe sepsis definition, increasing from a sen-
sitivity of 52.8% (207/392 cases; 95% CI, 47.7%-57.8%) to
72.1% (312/433 cases; 95% CI, 67.6%-76.2%; P <.001). The
PPV of both septicemia and Martin sepsis codes for identifying
hospitalizations with positive blood cultures decreased signifi-
cantly over the decade (Figure 2).

The sensitivity of hypotension/shock codes for capturing
hospitalizations with vasopressor use increased significantly
over the 10-year period, as did the sensitivity of the metabol-
ic/lactic acid code for capturing hospitalizations with docu-
mented lactic acid levels >4.0 mmol/L (Table 4).

DISCUSSION

We found that the incidence of hospitalizations coded for septi-
cemia, sepsis, and severe sepsis using multiple claims definitions
increased steadily over a 10-year period, but this was accompa-
nied by a decrease in hospitalizations with positive blood cultures
and no significant change in the incidence of positive blood cul-
tures associated with concurrent vasopressors and/or lactic acido-
sis. Our selected objective clinical markers do not allow us to
directly calculate rates of nonbacteremic sepsis, but our findings
suggest that diagnosis and coding practices are changing over
time in ways that may lead to overestimates of the rate of change in
sepsis incidence. First, the sensitivity of all 5 sepsis-related claims
methods for identifying patients with an unambiguous septic
event—positive blood cultures with concomitant vasopressor

requirement and/or lactic acidosis—increased. Second, the sen-
sitivity of hypotension/shock and acidosis codes for capturing
patients with objective evidence of these forms of hypoper-
fusion increased. Last, the proportion of patients coded with
septicemia that had positive blood cultures decreased steadily.
This was also true for patients meeting the Martin sepsis defi-
nition, which consists of codes that imply a disseminated blood-
borne infection.

To our knowledge, this is the first study examining temporal
changes in the performance of claims for tracking sepsis inci-
dence by comparing them to objective patient-level data. Both
Whittaker et al and Iwashnya et al found that claims had poor
sensitivity when compared to severe sepsis diagnosed clinical-
ly using the international consensus definition [19, 21]. How-
ever, these studies looked at the overall performance of claims
only in a small, fixed time period, rather than examining
whether their performance has changed over a long period
of time. Notably, our findings of increasing but still imperfect
claims sensitivity when compared to an unambiguous severe
sepsis event, bacteremia with concurrent vasopressors and/or
lactic acidosis, also support the notion that underdiagnosis
and undercoding are still problems when estimating sepsis
burden with claims. Lindenauer et al [9] used a nationally rep-
resentative administrative database to show that incidence and
mortality of pneumonia as a principal diagnosis declined sig-
nificantly over a 7-year period, but incidence and mortality of
sepsis or respiratory failure with pneumonia as a secondary di-
agnosis increased. When the 3 pneumonia coding methods
were combined, changes in incidence and mortality were min-
imal, suggesting that changes in how pneumonia and sepsis
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Table 4. Changing Sensitivity and Positive Predictive Value of Sepsis Claims Definitions for Identifying Corresponding Objective Clinical Markers, 2003-2012

Claims Value for
Performance 2003, % (No. Cases) 2012, % (No. Cases) Fitted Annual Change® Linear
Claims Definition Clinical Markers for Comparison ~ Characteristic [95% Cl] [95% Cl] [95% Cl] Trend
Septicemia Positive BC Sensitivity 31.8% (706/2218) [29.9-33.8] 40.7% (765/1881) [38.4-42.9] 0.9% [.2-1.7] .056
Positive BC + pressor or LA 1 d Sensitivity 57.6% (226/392) [62.6-62.6] 77.1% (334/433) [72.9-81.0] 1.4% [1.1-1.7] <.001
Positive BC PPV 50.4% (706/1400) [47.8-53.1] 30.0% (765/2551) [28.2-31.8] -2.1% [-1.8 to —2.4] <.001

Martin sepsis (septicemia, Positive BC Sensitivity 61.2% (13568/2218) [59.2-63.3]  77.3% (1453/1881) [75.3-79.1] 1.9% [1.6-2.1] <.001
bacteremia, fungemia)

(
(
(
(

Positive BC + pressor or LA +1 d Sensitivity 74.7% (293/392) [70.1-79.0] 88.7% (384/433) [85.3-91.5] 2.2% [1.8-2.7] <.001
Positive BC PPV 57.8% (1358/2348) [65.8-569.8]  39.1% (1453/3715) [37.5-40.7] -2.0% [-2.2; to —1.8] <.001
Angus severe sepsis Positive BC + pressor or LA 1 d Sensitivity 74.7% (293/392) [70.1-79.0] 85.2% (369/433) [81.5-88.4] 1.1% [.9-1.3] <.001
Dombrovskiy severe sepsis Positive BC + pressor or LA +1d Sensitivity 52.8% (207/392) [47.7-57.8] 72.1% (312/433) [67.6-76.2] 2.2% [1.8-2.7] <.001
(

Explicit severe Positive BC + pressor or LA £1 d Sensitivity 13.3% (52/392) [10.1-17.0] 60.3% (261/433) [55.5-64.9] 3.8% [2.6-4.9] <.001
sepsis + septic shock

Hypotension/shock Vasopressor use (any) Sensitivity 19.0% (742/3909) [17.8-20.3] 33.7% (1858/5515) [32.4-35.0] 1.8% [1.7-1.9] <.001
Metabolic/LA Lactic acid >4.0 mmol/L Sensitivity 9.3% (32/346) [6.4-12.8] 16.6% (69/417) [13.1-20.5] 1.0% [.4-1.5] .013

Abbreviations: BC, blood culture; Cl, confidence interval; LA, lactic acidosis; PPV, positive predictive value.
@ Average annual change was calculated over the 10-year period using fitted linear trends.
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Figure 2. Annual change from 2003 to 2012 in sensitivity of septicemia,
Martin-defined sepsis, and severe sepsis codes for identifying hospitaliza-
tions with positive blood cultures with concurrent vasopressors and/or lac-
tic acidosis (A), and positive predictive value for septicemia and Martin
sepsis codes (septicemia + bacteremia + fungemia) for identifying hospital-
izations with positive blood cultures (B). Numbers at the end of each trend
line represent the fitted average annual percentage change, with associat-
ed 95% confidence intervals.

capturing severe sepsis cases in nonbacteremic patients and pa-
tients who have other types of organ dysfunction.

Although our findings suggest that the rise in severe sepsis
incidence may be overestimated by claims methods, we did
find a trend toward increasing incidence of positive blood cul-
tures associated with concurrent vasopressors and/or lactic ac-
idosis. A recent large study by Kaukonen et al also suggested
that severe sepsis incidence truly is increasing, though perhaps
at a rate lower than that suggested by claims-based reports [25].
These investigators examined trends in severe sepsis cases ad-
mitted to intensive care units in Australia and New Zealand
from 2000 to 2012 using standardized criteria for sepsis and
organ failure abstracted by nurses at the bedside, and found
an increase in incidence of >50%.

We also found decreasing hospital mortality in patients with
objective markers of sepsis, paralleling the decrease in mortality
found with sepsis claims in our study and in other non-claims-
based reports. For example, the study by Kaukonen et al also
found a substantial decline in sepsis-related mortality over
time, even when adjusting for severity of illness [25]. In addi-
tion, Stevenson et al examined trends in severe sepsis mortality
from 1991 to 2009 by analyzing usual-care participants from 36
multicenter randomized trials, reasoning that these patients
were rigorously selected and thus less subject to misclassifica-
tion than claims data, and found decreasing mortality rates
that mirrored those seen with national claims data [8]. Both
those studies, and our findings in patients with objective clinical
markers of sepsis, provide evidence that declining sepsis mortal-
ity is not solely the result of a lower threshold for sepsis diag-
nosis and coding over time. Rather, declining mortality likely
reflects improvements in sepsis care, presumably as a result of
increased clinical awareness leading to earlier antibiotic admin-
istration, sepsis bundles, and the dissemination of other evi-
dence-based practices at our hospitals and worldwide.

Our study has several limitations. First, we only analyzed data
from 2 academic centers. Nonetheless, claims-based estimates
in our hospitals closely mirrored nationwide trends in sepsis in-
cidence, prevalence, and mortality [4, 26]. Second, we did not
review charts to corroborate objective markers to clinical histo-
ries, or to examine vital signs for traditional signs of the system-
ic inflammatory response syndrome. However, it is clinically
intuitive that a patient with bacteremia with concurrent vaso-
pressors or lactic acidosis meets criteria for severe sepsis/septic
shock. Third, based on this study, we can only make inferences
about incidence trends in nonbacteremic severe sepsis. Prior
prospective studies have reported on rates of positive blood
cultures in severe sepsis or septic shock [22-24], but it is un-
known if this proportion is changing over time. However, our
finding that septicemia codes are increasingly being applied to
nonbacteremic patients strongly suggests a change in how this
ambiguous term is being applied. Furthermore, if sepsis claims
have increased in sensitivity over time for a septic event as ob-
vious as bacteremia with concurrent vasopressors or lactic aci-
dosis, it is possible that clinicians are increasingly likely to
diagnose severe sepsis in more subtle cases without bacteremia
or shock. In addition, our finding of increasing sensitivity for
at least 2 forms of organ dysfunction has implications for all
severe sepsis cases. Fourth, our findings about trends in inci-
dence of hospitalizations with positive blood cultures might
be confounded if clinicians’ thresholds for ordering blood cul-
tures have been changing over time. However, we found no sig-
nificant change in the rate of hospitalizations with blood culture
orders. Fifth, we did not have preceding clinical data for patients
transferred from other hospitals, nor could we identify the pro-
portion of patients transferred from other hospitals. If an
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increasing number of septic patients were transferred over time
and only had positive cultures prior to transfer, we might have
underestimated the incidence of patients with objective clinical
markers and the proportion of patients with septicemia codes
who had positive blood cultures. Last, we had limited information
about other clinical events during hospitalizations with positive
blood cultures with concurrent vasopressors and/or lactic acido-
sis that might have influenced the likelihood of being coded as
severe sepsis. A prior study showed that more severely ill patients
are more likely to be appropriately coded as having severe sepsis
[21]. On the other hand, we found a decline in associated hospital
mortality of patients with these objective markers over time, sug-
gesting that increasingly severe presentations were unlikely to ac-
count for the more sensitive coding.

In conclusion, over a 10-year period, we found a marked dis-
crepancy in trends in incidence rates for hospitalizations with
septicemia, sepsis, and severe sepsis codes compared to hospi-
talizations with positive blood cultures alone and with concur-
rent vasopressors and/or lactic acidosis. Furthermore, the
sensitivity of sepsis and acute organ dysfunction codes in-
creased significantly compared with objective clinical markers,
while septicemia codes were increasingly applied to nonbactere-
mic patients. These findings support the concern that changing
diagnosis and coding practices undermine the validity of sepsis
trends derived from administrative data, and underscore the
need for more objective methods to better track changes in sep-
sis rates over time.
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