
Patients in the early stages of sepsis are often difficult to 
distinguish from patients who have Infection-Negative Systemic 
Inflammation (INSI). Making an incorrect distinction between 
these two clinical presentations has significant clinical and 
economic ramifications: incorrect diagnosis can lead to 
inappropriate initial patient management, over prescription 

of antibiotics and, in worst-case scenarios, patient death or 
long-term debilitation (Hsu et al. 2008; Winters et al. 2010). 

The current standard for distinguishing sepsis from INSI 
is clinical or SIRS criteria combined with a suspected site of 
infection, which often is not apparent early in the disease 
process. When a source of infection is not readily apparent, 

distinguishing between INSI and SIRS becomes more difficult. 
The primary goal of the present study was to compare the 
inter-physician agreement with a diagnosis of sepsis or INSI on 
admission to the ICU, at hospital discharge. Additionally, we 
compared the agreement between admission and discharge 
impressions. 

INTRODUCTION

Overall: This study used the inter-observer agreement 
statistic (Kappa) as a measure of diagnostic uncertainty. 
Figure 2 shows the level of agreement that was observed 
between physicians, either at admission (Kappa = 0.608) or 
at discharge (Kappa = 0.658). The attending physician and 
PI agreed on a classification of INSI or sepsis in the majority 
of cases, both at admission (68%) and at discharge (76%). 
Instances of strong disagreement were found in only 9/210 
(4%) of enrolled patients at admission.

  When diagnoses were compared between admission and 
discharge, however, the inter-observer agreement dropped 
significantly (Kappa = 0.576). This suggests that the additional 
clinical information generated during the patient’s transit 
through ICU (for example obtaining blood culture results), 
may produce some convergence in physician classifications. 
It is worth noting, however, that there is no significant 
reduction in the overall proportion of patients classified as 
indeterminate between admission and discharge, implying 
that convergence of opinion did not result in a reduction in 
uncertainty overall.  

LRTI: Patients with lower respiratory tract infections (LRTI) 
appear to be especially difficult to diagnose, with respect to 
being septic or INSI. We find a much greater level of discord 
between physicians for LRTI patients, as compared to the 
cohort overall (Figure 3). This is the case, when diagnoses are 
compared at admission (Kappa = 0.338), at discharge (Kappa = 
0.338), or between admission and discharge (Kappa = 0.295). 
The higher proportion of indeterminate classifications for 
LRTI patients at both admission (p=0.008) and at discharge 
(p<0.001) is particularly stark given that the study was not 
powered to detect these differences.

We also observe a strong skew towards diagnostic calls of 
sepsis in this cohort (p=0.002). This may indicate that sepsis 
is not identifiable in these patients until the septic event is 
established, implying that current workflows and diagnostics 
fail particularly in the context of early detection of LRTI, 
including pneumonia. 

	 1.	This	study	quantifies	for	the	first	time,	 
	 				in	a	matched	cohort,	uncertainty	in	sepsis		 	 	
	 				diagnosis	at	admission,	discharge	and	over	 
	 				the	patient	stay.	

	 2.	These	results	motivate	the	search	for	more		 	 	
	 				objective	diagnostic	criteria,	especially	in	 
	 				cases	involving	LRTI.	

	 3.	Significant	uncertainty	exists	at	all	stages.	

	 4.	Accurate	tests	that	improve	diagnostic		 	 	 	
	 				accuracy,	especially	at	admission,	are	needed			 	
	 				to	improve	early	management	of	critically 
	 				ill	patients.

DISCUSSION
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Study Design: This analysis is a sub-analysis of an ongoing 
prospective, observational study aimed at evaluating the 
ability of a diagnostic test to discriminate between sepsis and 
INSI (Validation of Septic Gene Expression Using SeptiCyte®  
- VENUS A). Patients were enrolled within 24 hours of 
admission to an ICU. 
Setting/Subjects: This project was conducted at an 

academic medical center and a smaller community hospital 
in Salt Lake City, Utah. 
Inclusion	Criteria: systemic inflammation as defined by two 

or more of the following: (1) Temperature > 38°C or < 36°C; (2) 
Heart Rate > 90 beat/min; (3) Tachypnea > 20/min or PaCO2 
< 32 mm Hg; (4) White Blood Cell count > 12,000/mm3 or < 

4,000/mm3 or > 10% immature neutrophils (bands)
  Exclusion	 Criteria: (1) Consent not provided, (2) Not 

admitted to ICU, (3) Clinical cultures or serology not obtained, 
(4) Subject admitted to study hospital (or transferring facility) 
for ≥ 24 hours
Initial	 Impression: Independent classification of the  

patient’s state at ICU admission: (1) by the attending physician 
at the time of admission, and (2) by a principal investigator 
(PI) typically within 24 hours (always within 48 hours) of 
ICU admission. The attending physician and PI gave initial 
impressions while blinded to each other’s classifications. 
Discharge	 Evaluation: Retrospective classification of the 

patient’s state at admission using all clinical information 

available at discharge. Note that the discharge evaluation 
does not mean the state of the patient at the time of 
patient discharge. PI 1 and PI 2 made independent discharge 
evaluations. Discrepant classifications were independently 
adjudicated by a 3rd clinician investigator.
Data Analysis: Discordance was quantified by the inter-

observer Kappa statistic (Landis & Koch 1977; Viera & Garrett 
2005). 

 This project was approved by the Institutional Review 
Board. Consent was obtained from the patient or patient’s 
surrogate. (clinicaltrials.gov # NCT02127502) 
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	 Total	Enrolled

Pulmonary   40 (19%)

Urinary   17 (8%)

Intra-abdominal   11 (5%)

Bloodstream     9 (4%)

Other   15 (7%)

Skin and Soft Tissue     4 (2%)

Bone and Joint     1 (0.5%)

Cardiovascular     1 (0.5%)

Unknown 110 (52%)

Central Nervous System      2 (1%)

Total	 210
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Figure	1	-	Sites	of	Infection Figure	3	-	All	patients
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Figure	4	-	LRTI	patients
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Figure 2
Discharge Evaluation of status of patient at admission, evaluated 

retrospectively for 210 ICU patients. Consensus when 2 independent 
Principal Investigators (PIs) agree. In case of no consensus, the 
discharge evaluation is arbitrated by a 3rd independent PI.  

Figure 3
Measures of Discordance in the classification of infection-negative 

systemic inflammation (INSI), Indeterminate and sepsis cases. 
(A) Comparison of Initial Impression at enrollment. Kappa=0.608 

indicating “substantial agreement.”
 
(B) Retrospective inter-physician agreement on admission status of 

the patient using all information available at discharge. Kappa=0.658 
indicating “substantial agreement.”

 
(C) Agreement between initial impression of the attending physician 

and consensus discharge evaluation. Kappa=0.576 indicating 
“moderate agreement.”

Figure 4
Discordance for LRTI Patients in the classification of infection-

negative systemic inflammation (INSI), Indeterminate and sepsis cases.
 
(A) Comparison of Initial Impression at enrollment. Kappa=0.338 

indicating “fair agreement.”
 
(B) Retrospective inter-physician agreement on admission status of 

the patient using all information available at discharge. Kappa=0.338 
indicating “fair agreement.”

 
 (C) Agreement between initial impression of the attending  

physician and consensus discharge evaluation. Kappa=0.295 indicating 
“fair agreement.”

Figure	2-Discharge	evaluation
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