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OBSERVATIONAL STUDY

Evaluating Potential Missed Opportunities  
to Prevent, Treat, or Diagnose Sepsis:  
A Population-Based Retrospective  
Study of Insurance Claims
IMPORTANCE: Delays in diagnosing sepsis may increase morbidity and mor-
tality, but the frequency of delays is poorly understood.

OBJECTIVES: The aim of this study was to estimate the frequency and duration 
of diagnostic delays for sepsis and potential risk factors for delay.

DESIGN, SETTING, AND PARTICIPANTS: We conducted a retrospective 
case-crossover analysis of sepsis cases from 2016 to 2019 using claims from 
Merative MarketScan. We ascertained the index diagnosis of sepsis and cor-
responding hospitalization. We analyzed healthcare visits in the 180 days be-
fore diagnosis and then compared the observed and expected trends in signs or 
symptoms of infection, immune or organ dysfunction (e.g., fever, dyspnea) during 
the 14 days before diagnosis. A bootstrapping approach was used to estimate 
the frequency and duration of potential diagnostic delays along with possible risk-
factors for experiencing a delay.

MAIN OUTCOMES AND MEASURES: The number of patients who experi-
enced a potential diagnostic delay, duration of delay, and number of potential 
missed opportunities.

RESULTS: We identified a total of 649,756 cases of sepsis from 2016 to 2019 
meeting inclusion criteria. There was an increase in visits with signs or symp-
toms of infection, immune or organ dysfunction just before the index diagnosis 
of sepsis. We estimated that around 16.57% (95% CI, 16.38–16.78) of patients 
experienced a potential diagnostic delay, with a mean delay duration of 3.21 days 
(95% CI, 3.13–3.27) and a median of 2 days. Most delays occurred in outpa-
tient settings. Potential diagnostic delays were more frequent among younger 
age groups and patients who received antibiotics (odds ratio [OR] 2.58 [95% CI, 
2.54–2.62]), or treatments for particular symptoms, including opioids (OR 1.43 
[95% CI, 1.40–1.46]) and inhalers (OR 1.37 [95% CI, 1.33–1.40]).

CONCLUSIONS AND RELEVANCE: There may be a substantial number of po-
tential missed opportunities to diagnose sepsis, especially in outpatient settings. 
Multiple factors might contribute to delays in diagnosing sepsis including com-
monly prescribed medications for symptoms.

KEYWORDS: delayed diagnosis; diagnosis; diagnostic errors; hospitalization; 
sepsis

Sepsis is a life-threatening condition and a significant cause of morbidity 
and mortality (1–4). Globally, approximately 48.9 million cases occur an-
nually, resulting in as many as 11 million deaths (1). In the United States, 

the estimated incidence of sepsis ranges from 903,000 to 1.7 million cases 
annually contributing to 174,000 to 270,000 deaths (2). Among hospitalized 
patients, sepsis is responsible for between 36.9% and 55.9% of inpatient deaths 
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(1–4). Furthermore, sepsis contributes to substantial 
healthcare expenditures and is a leading cause of inpa-
tient healthcare costs in the United States, amounting 
to over $38 billion and 9% of total inpatient medical 
costs (5, 6).

Cases of sepsis are typically caused by infectious dis-
eases. Pneumonia is the most common cause world-
wide, accounting for 16.4% of sepsis-related deaths (1). 
Other infections associated with sepsis include intra-
abdominal infections, skin and soft-tissue infections, 
meningitis, and urinary tract infections (1). Treatment 
guidelines for sepsis recommend antimicrobials, flu-
ids, source control, and vasopressors, all within hours 
of diagnosing sepsis (7). A 1-hour delay in administer-
ing antibiotics has been linked to increased mortality 
rates for septic shock (8–11). The timely administra-
tion of treatments for sepsis is critical in reducing 
morbidity and mortality. For instance, multiple stud-
ies have shown that early administration of IV fluids 
(12–15) and vasopressors (16, 17) improves survival. 
Despite the known importance of early recognition 
and treatment of sepsis, delays in diagnosis and treat-
ment frequently occur (18).

Prior investigations of diagnostic delays associated 
with sepsis largely focus on delays within the emer-
gency department and inpatient settings (8, 14, 19). 
However, multiple investigations have reported that 

nearly half of all of patients ultimately diagnosed with 
sepsis had outpatient healthcare encounters the week 
before hospital admission (20, 21). These visits may 
represent missed opportunities to diagnose, intervene, 
and improve outcomes. Patients are more frequently 
diagnosed in hospital or emergency department set-
tings because the diagnosis of sepsis relies on clinical 
assessments, imaging, and laboratory tests, some of 
which may be more difficult to obtain in outpatient 
clinics in a timely fashion. Despite years of efforts 
and multiple different campaigns focused on early 
sepsis recognition in emergency departments and in-
patient settings, the case-fatality rate remains greater 
than 40% for cases diagnosed in hospital settings (22). 
Accordingly, improving recognition of patients with 
early or less severe sepsis could reduce sepsis-related 
mortality.

Given the considerable morbidity and mortality 
attributable to sepsis and the persistently high mor-
tality rates of the disease among hospitalized patients, 
this article aims to address two key objectives: 1) to 
estimate the incidence and duration of potential diag
nostic delays associated with sepsis, and 2) to explore 
the possible risk factors for experiencing a delay in 
sepsis diagnosis before hospitalization.

METHODS

Study Design

To address the study objectives, we used a type of case-
crossover design along with a bootstrapping-based 
approach previously developed by our research team 
to study diagnostic delays using observational data 
sources (23). The approach estimates the expected pat-
tern of healthcare visits for signs or symptoms of sepsis 
before diagnosis using a “crossover” period before 
patients develop sepsis. This method has been used to 
study diagnostic delays for multiple infectious diseases 
(24–28).

Data Source

We used de-identified longitudinal health insurance 
claims data from the Merative Marketscan Commercial 
and Medicare databases from 2016 to 2019 and the 
Multi-state Medicaid databases from 2016 to 2018. These 
data contain claims from outpatient, emergency depart-
ment, and inpatient visits, along with outpatient drug 

 
KEY POINTS

Question: What is the incidence and typical du-
ration of potential diagnostic delays of sepsis, and 
what potential risk factors may be associated with 
experiencing a delay?

Findings: In this case-crossover analysis of ex-
cess symptomatic healthcare visits during the 14 
days before diagnosis, we estimate that 16.57% 
of patients experienced a potential delay with a 
median duration of 2 days. Potential delays were 
most common in outpatient settings, and treat-
ment for symptoms of sepsis may increase the 
risk of delay.

Meanings: There may be many opportunities for 
early recognition and treatment of sepsis, espe-
cially in pre-hospital settings, which may reduce 
morbidity and mortality.
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prescriptions. No institutional review board (IRB) was 
necessary as this study did not fall under the University 
of Iowa IRB guidelines for human subjects research.

Study Population

We identified cases of sepsis using a previously vali-
dated algorithm found to have high specificity and rea-
sonable sensitivity using combinations of International 
Classification of Diseases, 10th Edition (ICD-10), codes 
within administrative data (29). Index sepsis events 
were defined as the initial sepsis diagnosis in each pa-
tient. We required this index diagnosis to occur during 
a hospital stay or an outpatient visit that subsequently 
resulted in a hospitalization for sepsis within 7 days. 
Additionally, we required cases to have at least 180 
days of continuous enrollment before the index sepsis 
diagnosis.

Statistical Analyses

To identify potential diagnostic delays, we considered 
a 14-day window before the index sepsis diagnosis as 
a potential diagnostic opportunity window, where di-
agnostic opportunities may occur. A 14-day window 
was selected as it demonstrated the best statistical fit 
(Appendix Fig. 1, http://links.lww.com/CCX/B488). 
However, as a sensitivity analysis, a 7-day window was 
also analyzed. We refer to potential diagnostic oppor-
tunities as healthcare visits where clinical evidence 
(i.e., signs or symptoms) of infection, organ or immune 
dysfunction was present and a diagnosis of sepsis may 
have been plausibly made. When sepsis was not diag-
nosed during a diagnostic opportunity, we refer to this 
as a potential missed opportunity and the patient is 
said to have experienced a potential diagnostic delay. 
Note that because our analysis is observational in na-
ture, we acknowledge the events we identify should be 
considered “potential” missed opportunities.

Figure 1 provides a visualization of our methodolog-
ical approach. We start by estimating the excess number 
of visits for signs, symptoms, or symptomatically- 
similar diagnoses (i.e., diseases or syndromes with 
similar symptoms to sepsis) of sepsis during the diag-
nostic opportunity window by implementing a type 
of case-crossover analysis; Appendix Table 1 (http://
links.lww.com/CCX/B488) lists the ICD-10 codes 
used to identify these signs and symptoms. The trend 

in symptomatic visits from 15 to 180 days before di-
agnosis (i.e., when sepsis is presumed to be absent) is 
used as a baseline for the expected level of care in ab-
sence of sepsis. We fit a model featuring a temporal ex-
ponential trend and indicators for weekly periodicity 
to the daily number of visits with signs and symptoms 
of sepsis from 15 to 180 days before diagnosis. Next, 
we extrapolate this trend forward into the diagnostic 
opportunity window (i.e., 1–14 days before diagnosis). 
Finally, we estimate the number of potential missed 
opportunities each day as the difference between the 
observed and expected trend.

To analyze the frequency and duration of diag-
nostic delays we estimated the number and percentage 
of patients who experienced a potential diagnostic 
delay, the number of potential missed opportunities 
each patient experienced, the locations where these 
opportunities occurred, and the duration of diag-
nostic delay (i.e., time between the earliest missed op-
portunity and diagnosis). To compute these metrics, 
we employed the bootstrapping approach described 
in Miller et al (23) using the uncorrelated algorithm. 
This approach resamples the data and randomly selects 
which visits represent a missed opportunity. We gen-
erated 100 bootstrapped samples, where each sample 
of patients was drawn with replacement. We then re- 
estimated the expected number of missed oppor-
tunities for each bootstrapped sample. For each  
bootstrapped sample, we performed 100 nested trials 
where we randomly selected which patients represented 
a diagnostic delay based on the estimated number of 
missed opportunities for that bootstrapped sample. 
This resulted in a total of 10,000 trials, for which we 
computed the delay metrics of interest. Point-estimates 
(i.e., means) were then computed across trials along 
with percentile-based 95% bootstrap CIs.

We conducted an exploratory risk-factor analysis, 
analyzing potential risk factors for delay, using the 
same bootstrapped samples described above. For each 
bootstrapped sample, we fit a logistic regression model 
using the set of patients selected as having a diagnostic 
delay in that trial. This dichotomous outcome, indicat-
ing whether or not the patient experienced a diagnostic 
delay (i.e., whether or not the patient was selected as 
having a diagnostic delay), was then regressed on a 
set of potential risk factors for diagnostic delay. The 
risk factors evaluated included age, sex, Elixhauser 
comorbidities, month and year of the index diagnosis, 

http://links.lww.com/CCX/B488
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and insurance source (i.e., commercial, Medicare, or 
Medicaid). Additionally, we considered potential risk 
factors that might alter the diagnostic process. These 
include average number of weekly visits before the di-
agnostic opportunity window; receipt of prednisone 

or another immunosuppressant before the diagnostic 
opportunity window; receipt of antibiotics; and symp-
tomatic treatment with opioids or an inhaler during 
the diagnostic opportunity window. We hypothesized 
that those receiving treatment of disease process or 

Figure 1. Visual diagram of study methods. A, An example of longitudinal patient visits with potential signs or symptoms of sepsis in 
the time leading up to the sepsis diagnosis. Such “symptomatic” visits may be coincidental (i.e., symptoms unrelated to the eventual 
sepsis diagnosis) or a potential missed opportunity. Missed opportunities are depicted in red, and coincidental visits are depicted in blue. 
During the opportunity window, patients 1 and 4 have a symptomatic-visit that is coincidental and another that represents a missed 
opportunity; patient 2 has two missed opportunities; patient 3 has two coincidental visits; and patient 5 has one missed opportunity. 
From observational data alone, we cannot directly observe which individual patient visits represent potential missed opportunities vs. 
coincidental signs or symptoms. In order to estimate statistical measures for the number of potential missed opportunities, we conduct 
a case-crossover analysis where we compare the observed and expected trends in symptomatic visits. B, Depicting how this is done. 
First, counts of all visits with a potentially symptomatic diagnosis are aggregated across enrollees each day prior to diagnosis (black-
dots in B). Second, the trend is estimated during the crossover control-period prior to the opportunity window (blue-line). This trend is 
then extrapolated into the opportunity window. Third, the excess number of visits during the opportunity window (shaded red region) is 
computed to estimate the total number of potential missed opportunities each day during the opportunity window. Finally, bootstrapping 
is used to randomly and repeatedly sample (10,000 times) which visits represent a missed opportunity and the selected visits are used 
to compute individual delay metrics.
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symptoms would have higher rates of delay. We also 
hypothesized that immunosuppressed patients may 
experience increased delays from presentations with 
subclinical symptoms.

Sensitivity Analysis

Prior research on diagnostic delays for sepsis has been 
conducted over a range of time periods (e.g., hours, 7 
days, and 30 days) (19, 20) before the index diagnosis. 
Thus, we also considered a shorter time period of 7 
days before diagnosis to identify diagnostic delays, and 
repeated each of our analyses.

RESULTS

There was a total of 67,728,823 patients enrolled dur-
ing the study period, of these 840,030 were identi-
fied as having sepsis (using the algorithm of Jolley 
et al (29)) and the final study population included 
649,756 cases with 180 days of continuous enroll-
ment before the sepsis diagnosis. Table 1 summarizes 

the baseline characteristics of this study population. 
Figure 2 depicts the trend in healthcare visits with 
signs or symptoms of sepsis in the 180 days before the 
index visit. There is a dramatic increase in visits with 
signs or symptoms of sepsis just before the index diag-
nosis, resembling a “hockey-stick” shaped trend. This 
trend increases most prominently in the 14 days before 
diagnosis.

Figure 2 also depicts the estimated expected trend 
(red line) in visits with signs or symptoms based on 
the pattern observed from 15 to 180 days before diag-
nosis. This expected trend reflects the pattern of visits 
that would be expected to occur in absence of diag-
nostic delays, assuming that delays lasting beyond 14 
days are uncommon. Thus, the difference between the 
observed (black line) and expected trend (red line) 
reflects the estimated number of potential missed 
opportunities each day before diagnosis. Appendix 
Figure 2 (http://links.lww.com/CCX/B488) provides 
a histogram of the estimated number of potential 
missed opportunities each day during the diagnostic 
opportunity window.

Table 2 provides summary statistics from the  
bootstrapping-based approach to estimate individual-
level metrics for the frequency and duration of diag-
nostic delays. We estimated that around 16.57% (95% 

TABLE 1.
Baseline Characteristics

Characteristic N Percent of All Cases

Sex

 � Male 285,940 44.0

 � Female 363,816 56.0

Age group

 � <18 48,141 7.4

 � 18–34 71,794 11.0

 � 35–44 57,346 8.8

 � 45–54 95,367 14.7

 � 55–64 159,422 24.5

  �≥65 217,686 33.5

Insurance type

 � Commercial 252,747 38.9

 � Medicare 130,147 20.0

 � Medicaid 266,862 41.1

Index diagnosis year

 � 2016 251,556 38.7

 � 2017 185,394 28.5

 � 2018 143,114 22.0

 � 2019 69,692 10.7

Figure 2. Trend in the number of visits with potential signs, 
symptoms, or symptomatically similar diagnoses of sepsis over the 
180 d prior to the index diagnosis. The observed trend is depicted 
in black. The expected trend, depicted in red, is estimated based 
on an exponential model using the observed number of visits from 
15 to 180 d prior to diagnosis.

http://links.lww.com/CCX/B488
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CI, 16.38–16.78) of patients experienced a potential 
diagnostic delay. Among those patients who experi-
enced a delay, the mean duration was 3.21 days (95% 
CI, 3.13–3.27) and the median was 2 days. Appendix 
Table 2 (http://links.lww.com/CCX/B488) provides 
a distribution for the duration of diagnostic delays. 
Around 70% of all delays lasted 3 days or less, and 
around 90% were 7 days or less. Most patients who ex-
perienced a diagnostic delay only had one healthcare 
visit representing a potential missed opportunity. On 
average, patients who experienced a diagnostic delay 
had around 1.17 (95% CI, 1.17–1.17) visits represent-
ing a missed opportunity (Table 2). Appendix Table 3 
(http://links.lww.com/CCX/B488) describes the dis-
tribution for the number of missed opportunities that 
patients experienced. Less than 14% of patients who 
experienced a potential diagnostic delay had more 
than 1 visit representing a missed opportunity.

Table 3 summarizes the types of signs, symptoms, 
or symptomatically-similar-diagnoses that were pre-
sent during visits representing missed diagnostic 
opportunities from the bootstrapping analysis. The 
most common type of symptom was pain, occur-
ring across 26.94% (95% CI, 26.71–27.23) of missed 
diagnostic opportunities, followed by pulmonary-
related symptoms (21.12% [95% CI, 20.88–21.36]),  
gastrointestinal-related symptoms (19.25% [95% 
CI, 19.02–19.49]), pulmonary disorders or diseases 

(14.27% [95% CI, 14.07–14.51]) and cardiovascular-
related symptoms (11.46% [95% CI, 11.27–11.67]).

We analyzed the healthcare settings where poten-
tial diagnostic opportunities were most likely to occur. 
Appendix Table 4 (http://links.lww.com/CCX/B488) 
summarizes the total number of diagnostic opportuni-
ties by type of healthcare setting including the number 
and percentage of these opportunities that were missed. 
Overall, the majority of missed opportunities occurred 
in outpatient visits at hospital-based clinics (33.93%), 
followed by office/clinic visits (21.53%), other outpatient 
clinics (19.85%), and emergency departments (17.90%). 
We also estimated the percentage of diagnostic oppor-
tunities that were missed. This value can be loosely 
interpreted as the likelihood of receiving an incorrect 
diagnosis when a patient presented with symptoms 
of sepsis. We computed this value as the total number 
of missed opportunities (i.e., patient presented to a 
healthcare setting with symptoms of sepsis but was not 
diagnosed) divided by the total number of diagnostic 
opportunities (i.e., total number of missed opportuni-
ties plus the number of index visits). Other unspecified 
outpatient settings had the highest likelihood of a visit 
resulting in a missed opportunity (54.22%) followed by 
nursing facilities (36.47%), office/clinic visits (34.17%) 
and hospital-based clinics (31.26%), while inpatient set-
tings had the lowest likelihood (0.73%).

Appendix Table 5 (http://links.lww.com/CCX/
B488) depicts the results of the sensitivity analysis 
using a 7-day opportunity window to identify diag-
nostic delays. Overall, the results were generally con-
sistent when a 7-day window was used. By shrinking 
the diagnostic opportunity window from 14 to 7 days, 
the percentage of patients estimated to experience a 
potential delay dropped slightly (16.57% to 14.66%), 
as did the mean/median duration of delays (3.21/2 to 
2.28/1.92). However, based on root-mean-square error 
(RMSE), the 7-day opportunity window did not appear 
to fit the observed visit trend as well as the 14-day 
window (Appendix Fig. 1, http://links.lww.com/CCX/
B488). Furthermore, based on Appendix Figure 1 
(http://links.lww.com/CCX/B488), the expected trend 
that was estimated using a 7-day window would imply 
that a small number of missed opportunities occurred 
between 7 and 14 days.

As an exploratory analysis, we analyzed potential risk 
factors for diagnostic delay. Table 4 presents the results 
of this regression analysis. We found the likelihood of 

TABLE 2.
Summary Statistics From the 
Bootstrapping-Based Analysis for the 
Number of Missed Opportunities and 
Duration of Diagnostic Delay

Measure Estimate 95% CI

Patients with a delay

 � Number of patients 107,689 106,400–108,999

 � Percent of all patients 16.57% 16.38—16.78

Duration of diagnostic 
delays

 � Mean 3.21 days 3.13—3.27

 � Median 2 days 2—2

Number of missed oppor-
tunities per patient

 � Mean 1.17 visits 1.17—1.17

 � Median 1 visit 1—1

http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
http://links.lww.com/CCX/B488
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potential diagnostic delays tended to be greater among 
age groups where sepsis is less common. The odds ratio 
for experiencing a missed opportunity for patients less 
than18 vs. patients ≥65 was 1.53 (95% CI, 1.48–1.58). 
The odds of a missed opportunity decreased with older 
age groups. Patients who had a greater healthcare visit 
frequency before developing sepsis were more likely to 

experience a delay; for every unit increase in the av-
erage number of weekly visits, the odds of experienc-
ing a delay increased by a factor of 1.04 (OR 1.04 [95% 
CI, 1.04–1.05]). Although not statistically significant, 
patients with a history of immunosuppression medica-
tion were slightly less likely to experience a delay (OR 
0.97 [95% CI, 0.94–1.00]). Patients who received an 

TABLE 3.
Types of Signs, Symptoms, or Symptomatically Similar Diagnoses That Were Recorded 
During Visits Selected as Missed Opportunities in the Bootstrapping-Based Analysis

Sign, Symptom, or Symptomatically Similar Diagnosis
Percent of Missed Opportunities  

(95% CI)

Paina 26.94 (26.71–27.23)

Pulmonary-related sign or symptom 21.12 (20.88–21.36)

Gastrointestinal-related sign or symptom 19.25 (19.02–19.49)

Pulmonary disorder or disease 14.27 (14.07–14.51)

Cardiovascular-related sign or symptom 11.46 (11.27–11.67)

Respiratory infection 10.39 (10.19–10.56)

Fever 9.70 (9.54–9.89)

Nervous system-related sign or symptom 9.23 (9.07–9.41)

Fluid or electrolyte disorder or disease 8.34 (8.18–8.50)

Cardiovascular disorder or disease 7.90 (7.72–8.08)

Weakness or fatigue 7.23 (7.07–7.38)

Skin infection 6.77 (6.62–6.92)

Gastrointestinal disorder or disease 5.40 (5.27–5.52)

Hematologic disorder or disease 3.68 (3.58–3.79)

Genitourinary disorder or disease 3.68 (3.56–3.79)

Musculoskeletal-related sign or symptom 3.61 (3.50–3.72)

Musculoskeletal disorder or disease 3.33 (3.22–3.44)

Genitourinary-related sign or symptom 3.21 (3.11–3.32)

Unspecified infection 3.12 (3.01–3.22)

Nervous system disorder or disease 2.11 (2.02–2.19)

Genitourinary infection 1.84 (1.76–1.92)

Gastrointestinal infection 1.68 (1.60–1.75)

Unspecified pain 1.28 (1.21–1.35)

Abnormal laboratory result 0.77 (0.73–0.83)

Endocrine disorder or disease 0.56 (0.52–0.60)

Systemic inflammatory response syndrome (noninfectious) 0.24 (0.21–0.27)

Musculoskeletal infection 0.20 (0.17–0.23)

Cardiovascular infection 0.07 (0.05–0.09)

Screening or observation for infection 0.05 (0.04–0.07)

aVisits for pain were aggregated across organ systems and pain sites; thus, International Classification of Diseases, 10th Edition, codes for 
pain were nonmutually exclusive with other sign, symptom, or symptomatically similar diagnosis categories.
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antibiotic before the sepsis diagnosis were more likely 
to experience a delay (OR 2.58 [95% CI 2.54–2.62]). 
Patients who received a treatment for symptoms of 
sepsis during the diagnostic opportunity window, 
when sepsis is believed to be present, were at a greater 
risk for delay compared with patients who did not; the 
odds ratio was 1.43 (95% CI, 1.40–1.46) for opioids, 
and 1.37 (95% CI, 1.33–1.40) for an inhaler.

DISCUSSION

We found a substantial proportion of patients diag-
nosed with sepsis (almost 17%) have at least one po-
tential missed diagnostic opportunity before their 
hospital admission where sepsis was the diagnosis. 
Around 13.6% of patients experienced two or more po-
tential missed opportunities. The vast majority of these 

opportunities occurred within 7 days before diagnosis. 
The mean and median duration of delays were 3.2 and 
2 days, respectively. The risk for a diagnostic delay 
increased if patients were prescribed an antibiotic, an 
inhaler, or an opioid during the days before their ad-
mission for sepsis. Finally, diagnostic delays for sepsis 
were more common among younger populations.

Diagnostic delays are increasingly recognized as an 
important contributor to morbidity and mortality (30). 
Outcomes related to sepsis likely depend on the tim-
ing of diagnosis and treatment. Failure to treat cases 
of sepsis in a timely fashion with antibiotics, fluid re-
suscitation, and vasopressor support is associated with 
worse clinical outcomes (31–36) and even short delays 
may increase mortality (11, 37, 38). While a rela-
tively recent meta-analyses regarding sepsis-treatment 
approaches questioned the importance of the timely 
administration of antibiotics, the study authors ac-
knowledged methodologic weaknesses associated with 
their study that may undermine these findings (9, 39).

Our results are consistent with prior studies of the 
pre-hospitalization period. Reviews of observational 
trials have shown that around 10–53% of patients 
had a healthcare encounter in the days before sepsis 
admission (40). In Medicare populations, as many as 
60% who were hospitalized with sepsis had a health-
care claim before admission, with the majority of vis-
its occurring on the day before hospitalization (41). 
In addition, prior work has described the escalating 
frequency and intensity of visits, especially outpatient 
encounters, leading up to hospital admission (20).

Our bootstrapping-based approach also allows us to 
explore potential risk factors for diagnostic delays. For 
example, we found that some individual-level charac-
teristics were associated with diagnostic delays. Delays 
were more common in younger adults compared with 
older adults. We hypothesize that younger patients 
were more likely to be missed because healthcare pro-
viders may have a higher threshold for considering 
sepsis in younger patients.

We also found that treatments targeting specific 
symptoms were associated with potential delays in di-
agnosis. Both inhalers and opioids prescribed in visits 
before an admission for sepsis were associated with 
delays. These findings highlight the importance of 
making a diagnosis rather than just treating symptoms. 
Inhalers and opioids can temporally mask some of the 
symptoms related to an underlying infection that may 

TABLE 4.
Logistic Regression Results for Risk Factor 
Analysis

Risk Factor OR 95% CI

Age

 � <18 1.53 1.48–1.58

 � 18–34 1.12 1.09–1.15

 � 35–44 1.10 1.07–1.14

 � 45–54 1.05 1.02–1.08

 � 55–64 0.99 0.96–1.01

  �≥65 Ref Ref

Female sex 0.98 0.96–0.99

Insurance type

 � Commercial Ref Ref

 � Medicare 0.82 0.80–0.85

 � Medicaid 0.75 0.74–0.77

Characteristics before  
opportunity window

 �  Average visits per week 1.04 1.04–1.05

 �  Prednisone or other 
Immunosuppressant

0.97 0.94–1.00

Treatments during opportunity 
window

 � Antibiotic 2.58 2.54–2.62

 � Opioid 1.43 1.40–1.46

 � Inhaler 1.37 1.33–1.40

See Appendix Table 6 (http://links.lww.com/CCX/B488) for 
additional results.

http://links.lww.com/CCX/B488
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be unrecognized and untreated, contributing to the 
development of sepsis. Another study found patients 
with sepsis who initially presented with shortness of 
breath had higher rates of mortality, and over a third of 
patients with septic shock present to emergency rooms 
with vague symptoms (42). Our work stresses the im-
portance of determining the cause of symptoms for 
which the inhalers or opioids were prescribed.

Another important consideration in our study is the 
relationship between prior antibiotic use and diagnostic 
delays. It is critical to understand that identifying an 
infection alone is insufficient to prevent sepsis-related 
morbidity and mortality; timely and appropriate treat-
ment must follow. We hypothesize this may be due 
to the “wrong” antibiotic(s) being prescribed and the 
resulting delay in waiting for a potential therapeutic 
effect. Alternatively, even if the “correct” antibiotic(s) 
were prescribed, the patient might have needed a 
higher dose or required prompt source control to ade-
quately treat the infection (43–45). The association be-
tween prior antibiotics and diagnostic delays has been 
described for a wide range of infectious diseases (25, 
26, 28). Antibiotic prescriptions before sepsis recog-
nition may obscure the clinical presentation, delaying 
diagnosis and leading to poorer outcomes. Because 
the early administration of the appropriate antibiot-
ics should improve clinical outcomes for patients with 
sepsis, future work should aim to identify the particular 
cases and specific antibiotics associated with diagnostic 
delays.

While the timely diagnosis and treatment of sepsis 
is critical for improving outcomes in hospital settings, 
it is not clear how far into the pre-hospital setting the 
benefit of early treatment extends (38, 46). However, 
among hospitalized patients with sepsis who die, a 
substantial proportion of deaths may not be prevent-
able from improved hospital care alone. For example, 
Rhee et al estimated that 88% of the deaths from sepsis 
in a hospital setting could not have been prevented 
from improving hospital-based care (47). Dramatically 
reducing the morbidity and mortality attributable to 
sepsis may require early recognition and treatment of 
sepsis in the pre-hospitalization period. Indeed, there 
is evidence that the pre-hospital administration of 
antibiotics has been associated with lower mortality 
rates, and lengths of hospital and ICU stays (48).

Our study has several limitations. First, we identi-
fied patients with sepsis using administrative codes. 

Diagnosis codes for sepsis tend to be specific but lim-
ited in sensitivity (2). Although we used an approach 
designed to improve sensitivity and specificity (29), this 
approach may still miss less severe or difficult to recog-
nize cases. Second, we do not have access to laboratory 
or x-ray results, and we cannot perform chart reviews. 
Thus, we cannot apply the standard Sepsis-3 definition 
and the Sequential Organ Failure Assessment (SOFA) 
score, which requires access to detailed clinical infor-
mation that are unavailable in our data. Third, we do 
not have access to data on patients’ race or ethnicity, so 
we cannot determine if diagnostic delays are associated 
with race or ethnicity. Fourth, some of the apparent 
non-symptomatic visits preceding a sepsis diagnosis 
may represent missed opportunities if symptoms were 
not recorded. This may lead to underestimates of diag-
nostic delays. Fifth, the diagnostic opportunity window 
(i.e., time before diagnosis where delays can occur) is 
not entirely known. However, we conducted a sensi-
tivity analysis using a 7-day window and results were 
largely consistent, suggesting most delays occur within 
the week before diagnosis. Finally, our data are based 
on claims from medical insurance coverage and does 
not include individuals without insurance. Thus, our 
results might not be generalizable to all populations. 
Because of these limitations, we emphasize that each 
of our findings should be contextualized as represent-
ing “potential” diagnostic delays, Furthermore, future 
work should aim to replicate these findings using more 
granular clinic data that can be used to identify cases 
of sepsis.

Despite the limitations associated with our work, we 
highlight the substantial number of potential missed 
opportunities to diagnose sepsis and identified poten-
tial risk factors associated with delays. Our findings 
align with previous smaller studies using electronic 
healthcare records (49), chart reviews (49), insur-
ance claims (20), and medico-legal data (21) which all 
consistently show that patients admitted with sepsis 
often have significant outpatient healthcare interac-
tions before a hospital admission for sepsis. These 
pre-hospitalization encounters represent the need for 
increased recognition of developing sepsis and poten-
tial opportunities for earlier interventions. In conclu-
sion, our results highlight the need to develop future 
interventions to decrease diagnostic delays for sepsis 
(e.g., using electronic medical record-based alerts for 
high risk patients) as well as the need for clinicians 
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to consider prior pre-hospital visits when evaluating 
patients with potential early sepsis-like presentations.

	 1	 Department of Internal Medicine, University of Iowa, Iowa 
City, IA.

	 2	 Department of Biostatistics, University of Iowa, Iowa City, IA.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccejournal).

Miller, Struble, and Polgreen conceived of the research question 
and study design. Miller, Polgreen, and Cavanaugh obtained re-
search funding. Miller, Arakkal, and Cavanaugh conducted the 
data evaluation and analysis. All authors contributed to the writ-
ing and revision of the article.

This work was supported by the Agency for Healthcare Research 
and Quality grant number R01HS027375 (Miller, Polgreen, 
Arakkal, Cavanaugh) and Centers for Disease Control and 
Prevention contract number U54CK000613-01 to 01 (Miller). 
Neither funding agency played a direct role in the study analysis 
or manuscript construction.

The authors have disclosed that they do not have any potential 
conflicts of interest.

For information regarding this article, E-mail: aaron-miller@ 
uiowa.edu

REFERENCES
	 1.	 Rudd KE, Johnson SC, Agesa KM, et al: Global, regional, and 

national sepsis incidence and mortality, 1990-2017: Analysis for 
the Global Burden of Disease Study. Lancet 2020; 395:200–211

	 2.	 Rhee C, Dantes R, Epstein L, et al; CDC Prevention Epicenter 
Program: Incidence and trends of sepsis in US hospi-
tals using clinical vs claims data, 2009-2014. JAMA 2017; 
318:1241–1249

	 3.	 Chan HK, Khose S, Chavez S, et al: Updated estimates of 
sepsis hospitalizations at United States academic medical 
centers. J Am Coll Emerg Phys Open 2022; 3:e12782

	 4.	 Liu V, Escobar GJ, Greene JD, et al: Hospital deaths in 
patients with sepsis from 2 independent cohorts. JAMA 2014; 
312:90–92

	 5.	 Paoli CJ, Reynolds MA, Sinha M, et al: Epidemiology and 
costs of sepsis in the United States: An analysis based on 
timing of diagnosis and severity level. Crit Care Med 2018; 
46:1889–1897

	 6.	 Liang L, Moore B, Soni A: National Inpatient Hospital Costs: 
The Most Expensive Conditions by Payer, 2017. Rockville, MD, 
Healthcare Cost and Utilization Project (HCUP) Statistical 
Briefs, 2006

	 7.	 Evans L, Rhodes A, Alhazzani W, et al: Executive summary: 
Surviving Sepsis Campaign: International guidelines for the 
management of sepsis and septic shock 2021. Crit Care Med 
2021; 49:1974–1982

	 8.	 Peltan ID, Brown SM, Bledsoe JR, et al: ED door-to- 
antibiotic time and long-term mortality in sepsis. Chest 2019; 
155:938–946

	 9.	 Sterling SA, Miller WR, Pryor J, et al: The impact of timing 
of antibiotics on outcomes in severe sepsis and septic shock: 
A systematic review and meta-analysis. Crit Care Med 2015; 
43:1907–1915

	10.	 Liu VX, Fielding-Singh V, Greene JD, et al: The timing of early 
antibiotics and hospital mortality in sepsis. Am J Respir Crit 
Care Med 2017; 196:856–863

	11.	 Seymour CW, Gesten F, Prescott HC, et al: Time to treatment 
and mortality during mandated emergency care for sepsis. N 
Engl J Med 2017; 376:2235–2244

	12.	 Hu B, Chen JCY, Dong Y, et al: Effect of initial infusion rates of 
fluid resuscitation on outcomes in patients with septic shock: 
A historical cohort study. Crit Care 2020; 24:137

	13.	 Kabil G, Liang S, Delaney A, et al: Association between intra-
venous fluid resuscitation and outcome among patients with 
suspected infection and sepsis: A retrospective cohort study. 
Emerg Med Australas 2022; 34:361–369

	14.	 Pruinelli L, Westra BL, Yadav P, et al: Delay within the 3-hour 
surviving sepsis campaign guideline on mortality for patients 
with severe sepsis and septic shock. Crit Care Med 2018; 
46:500–505

	15.	 Kuttab HI, Lykins JD, Hughes MD, et al: Evaluation and pre-
dictors of fluid resuscitation in patients with severe sepsis and 
septic shock. Crit Care Med 2019; 47:1582–1590

	16.	 Elbouhy MA, Soliman M, Gaber A, et al: Early use of norepi-
nephrine improves survival in septic shock: Earlier than early. 
Arch Med Res 2019; 50:325–332

	17.	 Li Y, Li H, Zhang D: Timing of norepinephrine initiation in 
patients with septic shock: A systematic review and meta-
analysis. Crit Care 2020; 24:488

	18.	 Filbin MR, Arias SA, Camargo CA, Jr, et al: Sepsis visits and 
antibiotic utilization in U.S. emergency departments. Crit Care 
Med 2014; 42:528–535

	19.	 Horberg MA, Nassery N, Rubenstein KB, et al: Rate of sepsis 
hospitalizations after misdiagnosis in adult emergency de-
partment patients: A look-forward analysis with adminis-
trative claims data using Symptom-Disease Pair Analysis 
of Diagnostic Error (SPADE) methodology in an integrated 
health system. Diagnosis (Berl) 2021; 8:479–488

	20.	 Liu VX, Escobar GJ, Chaudhary R, et al: Healthcare utilization 
and infection in the week prior to sepsis hospitalization. Crit 
Care Med 2018; 46:513–516

	21.	 Neilson HK, Fortier JH, Finestone PJ, et al: Diagnostic delays in 
sepsis: lessons learned from a retrospective study of Canadian 
medico-legal claims. Crit Care Explor 2023; 5:e0841

	22.	 Fleischmann C, Scherag A, Adhikari NK, et al; International 
Forum of Acute Care Trialists: Assessment of global in-
cidence and mortality of hospital-treated sepsis. Current 
estimates and limitations. Am J Respir Crit Care Med 2016; 
193:259–272

	23.	 Miller AC, Cavanaugh JE, Arakkal AT, et al: A comprehensive 
framework to estimate the frequency, duration, and risk fac-
tors for diagnostic delays using bootstrapping-based simula-
tion methods. BMC Med Inform Decis Mak 2023; 23:68

	24.	 Erickson BA, Miller AC, Warner HL, et al: Understanding the 
prodromal period of necrotizing soft tissue infections of the 
genitalia (Fournier’s Gangrene) and the incidence, duration, 
and risk factors associated with potential missed opportunities 

http://journals.lww.com/ccejournal
mailto:aaron-miller@uiowa.edu
mailto:aaron-miller@uiowa.edu


Observational Study

Critical Care Explorations	 www.ccejournal.org          11

for an earlier diagnosis: A population-based longitudinal study. 
J Urol 2022; 208:1259–1267

	25.	 Evans NJ, Arakkal AT, Cavanaugh JE, et al: The incidence, du-
ration, risk factors, and age-based variation of missed opportu-
nities to diagnose pertussis: A population-based cohort study. 
Infect Control Hosp Epidemiol 2023; 44:1629–1636

	26.	 Miller AC, Arakkal AT, Koeneman S, et al: Incidence, duration 
and risk factors associated with delayed and missed diagnostic 
opportunities related to tuberculosis: A population-based lon-
gitudinal study. BMJ Open. 2021; 11:e045605

	27.	 Miller AC, Arakkal AT, Koeneman SH, et al: Frequency and du-
ration of, and risk factors for, diagnostic delays associated with 
histoplasmosis. J Fungi (Basel) 2022; 8:438

	28.	 Miller AC, Arakkal AT, Koeneman SH, et al: Frequency and du-
ration of, and risk factors for, diagnostic delays associated with 
histoplasmosis. J Fungi (Basel, Switzerland) 2022; 8:438

	29.	 Jolley RJ, Quan H, Jette N, et al: Validation and optimisation of 
an ICD-10-coded case definition for sepsis using administra-
tive health data. BMJ Open 2015; 5:e009487

	30.	 Croskerry P: Perspectives on diagnostic failure and patient 
safety. Healthc Q 2012; 15 Spec No:50–56

	31.	 Bodilsen J, Brandt CT, Sharew A, et al: Early versus late 
diagnosis in community-acquired bacterial meningitis: 
A retrospective cohort study. Clin Microbiol Infect 2018; 
24:166–170

	32.	 Zasowski E, Butterfield JM, McNutt LA, et al: Relationship 
between time to clinical response and outcomes among 
Pneumonia Outcomes Research Team (PORT) risk class III 
and IV hospitalized patients with community-acquired pneu-
monia who received ceftriaxone and azithromycin. Antimicrob 
Agents Chemother 2014; 58:3804–3813

	33.	 Garnacho-Montero J, García-Cabrera E, Diaz-Martín A, et al: 
Determinants of outcome in patients with bacteraemic pneu-
mococcal pneumonia: importance of early adequate treatment. 
Scand J Infect Dis 2010; 42:185–192

	34.	 Viale P, Giannella M, Lewis R, et al: Predictors of mortality in 
multidrug-resistant Klebsiella pneumoniae bloodstream infec-
tions. Expert Rev Anti Infect Ther 2013; 11:1053–1063

	35.	 Alerhand S, Wood S, Long B, et al: The time-sensitive chal-
lenge of diagnosing spinal epidural abscess in the emergency 
department. Intern Emerg Med 2017; 12:1179–1183

	36.	 Gelbard RB, Ferrada P, Yeh DD, et al: Optimal timing of initial 
debridement for necrotizing soft tissue infection: A Practice 
Management Guideline from the Eastern Association for 
the Surgery of Trauma. J Trauma Acute Care Surg 2018; 
85:208–214

	37.	 Ferrer R, Martin-Loeches I, Phillips G, et al: Empiric antibi-
otic treatment reduces mortality in severe sepsis and septic 

shock from the first hour: Results from a guideline-based 
performance improvement program. Crit Care Med 2014; 
42:1749–1755

	38.	 Im Y, Kang D, Ko R-E, et al; Korean Sepsis Alliance (KSA) 
investigators: Time-to-antibiotics and clinical outcomes in 
patients with sepsis and septic shock: A prospective nation-
wide multicenter cohort study. Crit Care 2022; 26:19

	39.	 Burnham JP, Kollef MH: Timing of appropriate antibiotics 
in sepsis: How much does each hour matter? Crit Care Med 
2016; 44:e109–e110

	40.	 Flannery AH, Venn CM, Gusovsky A, et al: Frequency and 
types of healthcare encounters in the week preceding a 
sepsis hospitalization: A systematic review. Crit Care Explor 
2022; 4:e0635

	41.	 Buchman TG, Simpson SQ, Sciarretta KL, et al: Sepsis among 
medicare beneficiaries: 2. The trajectories of sepsis, 2012–
2018. Crit Care Med 2020; 48:289–301

	42.	 Filbin MR, Lynch J, Gillingham TD, et al: Presenting symptoms 
independently predict mortality in septic shock: Importance 
of a previously unmeasured confounder. Crit Care Med 2018; 
46:1592–1599

	43.	 Reitz KM, Kennedy J, Li SR, et al: Association between time 
to source control in sepsis and 90-day mortality. JAMA Surg 
2022; 157:817–826

	44.	 Martínez ML, Ferrer R, Torrents E, et al; Edusepsis Study 
Group: Impact of source control in patients with severe sepsis 
and septic shock. Crit Care Med 2017; 45:11–19

	45.	 Rüddel H, Thomas-Rüddel DO, Reinhart K, et al; MEDUSA 
study group: Adverse effects of delayed antimicrobial treat-
ment and surgical source control in adults with sepsis: Results 
of a planned secondary analysis of a cluster-randomized con-
trolled trial. Crit Care 2022; 26:51

	46.	 Pak TR, Young J, McKenna CS, et al: Risk of misleading 
conclusions in observational studies of time-to-antibiotics 
and mortality in suspected sepsis. Clin Infect Dis 2023; 
77:1534–1543

	47.	 Rhee C, Jones TM, Hamad Y, et al; for the Centers for Disease 
Control and Prevention (CDC) Prevention Epicenters Program: 
Prevalence, underlying causes, and preventability of sepsis-
associated mortality in US acute care hospitals. JAMA Netw 
Open 2019; 2:e187571–e1871-e

	48.	 Varney J, Motawea KR, Kandil OA, et al: Prehospital admin-
istration of broad-spectrum antibiotics for sepsis patients: A 
systematic review and meta-analysis. Health Sci Rep 2022; 
5:e582

	49.	 Fay K, Sapiano MRP, Gokhale R, et al: Assessment of health 
care exposures and outcomes in adult patients with sepsis and 
septic shock. JAMA Netw Open 2020; 3:e206004–e2004-e


