
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10140-022-02083-9

ORIGINAL ARTICLE

Body computed tomography in sepsis: predictors of CT findings 
and patient outcomes in a retrospective medical ICU cohort study

Julian Pohlan1,2   · Denis Witham4 · Lara Farkic1 · Melina Anhamm1 · Alexandra Schnorr1 · Gloria Muench1 · 
Karim Breiling1 · Robert Ahlborn5 · Enrico Herz1 · Kerstin Rubarth2,3 · Damaris Praeger4 · Marc Dewey1

Received: 20 May 2022 / Accepted: 28 July 2022 
© The Author(s) 2022

Abstract
Background  Sepsis is a life-threatening condition that requires immediate focus identification and control. However, inter-
national sepsis guidelines do not provide information on imaging choice.
Purpose  To identify predictors of CT findings and patient outcomes in a population of septic patients from a medical ICU.
Material and methods  A full-text search in the radiological information system (RIS) retrieved 227 body CT examinations 
conducted to identify infectious sources in 2018. CT reports were categorized according to identified foci and their diagnos-
tic certainty. Diagnostic accuracy of CT was compared to microbiological results. Clinical and laboratory information was 
gathered. Statistical analysis was performed using nonparametric tests and logistic regression analysis.
Results  CT revealed more positive infectious foci 52.4% (n = 191/227) than microbiological tests 39.3% (n = 79/201). There 
were no significant differences between focus-positive CT scans with regard to positive microbiological testing (p = 0.32). 
Sequential organ failure assessment (SOFA) scores were slightly but nonsignificantly higher in patients with a focus-positive 
CT, odds ratio (OR) = 0.999 (95% CI 0.997–1.001) with p = 0.52. Among C-reactive protein (CRP), procalcitonin (PCT), 
and leukocytes, in focus-positive versus focus-negative CT scans, CRP showed a minor but statistically significant elevation 
in the group with focus-positive CT scans (OR = 1.004, 95% CI = 1.000–1.007, p = 0.04). No significant association was 
found for PCT (OR = 1.007, 95% CI = 0.991–1.023; p = 0.40) or leukocytes (OR = 1.003, 95% CI = 0.970–1.038; p = 0.85). 
In 33.5% (n = 76/227) of cases, the CT findings had at least one therapeutic consequence. In 81.6% (n = 62/76), the CT find-
ings resulted in one consequence, in 14.5% (n = 11/76) in two consequences, and in 3.9% (n = 3/76) in three consequences. 
There was no significant association between focus-positive CT scans and mortality (p = 0.81).
Conclusion  In this population of septic patients in medical intensive care, microbiological analysis complemented CT find-
ings. Both clinical and laboratory parameters were not predictive of CT findings. While therapeutic consequences of CT 
findings in this study population underline the role of CT for decision making in septic patients, CT findings do not predict 
patient outcomes in this retrospective analysis.
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Introduction

Sepsis requires diagnostic workup and initiation of treat-
ment to eliminate the underlying causal infection[1]. In 
untreated patients, sequential organ failure due to mostly 
bacterial, but also fungal, parasitic, or viral infection, may 
lead to septic shock and death [2, 3]. While advocating 
fast source control, international sepsis guidelines do not 
provide any recommendations on the choice of imaging 
modality in septic patients [4].

Treatment of septic patients in an intensive care unit 
(ICU) is performed for both community-acquired sepsis 
and sepsis due to hospital-acquired infection [5]. Among 
the known risk factors for sepsis, immunosuppression and 
age have been emphasized [6–8]. Septic encephalopathy 
or ventilation may hamper adequate clinical assessment 
[9, 10], whereas body computed tomography (CT) is a 
versatile tool that may detect a wide range of possible 
underlying causes. Although many authors have described 
the role of CT in sepsis [11–13], a comprehensive analysis 
of patient outcomes in relation to CT findings has not been 
published before.

We previously provided a detailed analysis of the diag-
nostic yield of CT in septic ICU patients and investigated 
the role of CT in patients from the emergency department 
compared with patients treated in regular wards [14–16] 
Whereas common septic sources in surgical patients are 
known to include surgical site infections, imaging findings 
in patients from a medical ICU remain scarcely studied.

This study aims at identifying predictors of CT findings 
and patient outcomes in a population of septic patients 
from a medical ICU.

Material and methods

Study design

In a retrospective study, we analyzed CT reports of 
patients examined in a large university medical center. 
The study design and data from this patient population 
and analysis have been published previously [14]. All 
adult inpatients 18 years or older referred for CT exami-
nations from a medical intensive care unit (ICU) over a 
12-month period from Jan. 1 through Dec. 31, 2018, were 
considered for enrollment, and we included all body CT 
examinations conducted to identify infectious sources. 
We excluded referrals from general wards and the emer-
gency department as well as outpatients. Also, the analy-
sis did not include patients from surgical or neurological 
ICU so to avoid a bias by surgical site infections. Body 

CT examinations include at least the chest and abdomen 
and may optionally be supplemented by any additional 
region/s. Ten CT examinations were excluded after full 
review of the reports: five cases due to no infection sus-
pected/no focus search, one case as no body CT scan was 
performed (only chest CT), three cases due to trauma scan 
(after resuscitation), one case due to staging request. Two 
hundred twenty-seven reports were finally included in this 
retrospective analysis [14]. Whereas the previously pub-
lished manuscript focused on diagnostic accuracy data of 
CT in sepsis, all analyses provided in the “Results” section 
have not been reported before.

Ethics

The local ethics committee approved the study. Analysis was 
performed in accordance with the Declaration of Helsinki. 
Informed consent was waived.

Identification of cases

We performed a full-text search of the radiological infor-
mation system (RIS; CentricityTM RIS-I 6 2018, General 
Electric Company) to identify all relevant patients with sep-
sis who underwent body CT [14]. The full-text search was 
designed to be broad, thus not all search terms needed to be 
present. The authors assessed all cases identified by the full-
text search individually and excluded cases according to pre-
viously defined criteria. Diagnosis of sepsis was confirmed 
using sepsis-related organ failure assessment (SOFA) scores, 
as documented. The cases identified included patients 
referred for body CT with a clinically undefined focus and/or 
inconclusive prior ancillary diagnostic findings (e.g., x-ray, 
ultrasound, microbiology). In 58.6% of the identified cases 
(n = 133/227), the referral included further requests, i.e., 
tumor, ischemia, pulmonary artery embolism, and bleed-
ing. Forty-five patients with two (19.4%; n = 32/165), three 
(5.5%; n = 9/165), and four (2.4%; n = 4/165) CT scans dur-
ing the study period were enrolled several times, resulting 
in a total of 227 CT examinations performed in 165 patients. 
One patient was examined during two different hospitaliza-
tion periods and was therefore counted as two patients. CT 
examinations performed only for follow-up were excluded 
to focus on patients with only clinical and/or laboratory 
signs of infection at the time of the initial scan. Reports are 
referred to as cases in the following.

Computed tomography

All CT scans were performed in a large university medical 
center on four different Aquilion scanners (Canon Medical 
Systems, CA, USA) with 64 to 320 detector rows. Multiplanar 
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reconstructions were generated according to institutional 
standards at 1-mm and 5-mm slice thickness in axial, sagit-
tal, and coronal reformations. An iodine-based contrast agent 
(Iopromide, Ultravist 370, Bayer, Leverkusen, Germany) 
was administered intravenously (weight-adjusted dosage). 
As previously reported, in 99.1% (n = 225/227) of CT scans, 
intravenous contrast agent was used; 0.1% of CT examina-
tions (n = 2/227) were performed as unenhanced scans due to 
contraindications to intravenous contrast agent [14].

In general, delays of 60 to 90 s after injection were used 
for scanning the chest and abdomen. When pulmonary 
embolism had to be ruled out, the chest was imaged as a 
triggered series, followed by a scan of the abdomen with the 
above delay. CT of the head for focus search was performed 
with a delay of 40 to 180 s (after an unenhanced series). CT 
of the neck was performed with a split bolus and a delay of 
70 s. No adverse events were reported in this population.

Data collection

Clinical data, including routine patient demographic data, 
were extracted from the hospital information system (Table 1). 
CT request forms and patient notes were searched to retrieve 
immunocompromising factors, including known medical con-
ditions and medications. All microbiological tests at the time of 
the CT examinations were extracted (plus/minus 1 day). Con-
taminations such as Staphylococcus epidermidis in one of two 
blood culture samples or Candida in bronchoalveolar lavage 

were excluded. Therapeutic consequences were researched in 
patient notes and defined as patient management associated 
with the CT result, performed within 3 days after the CT scan, 
i.e., antibiotic therapy change and infectious source control 
such as surgery or drainage. The following clinical parameters 
were assessed: length of hospital stays, CT-related interven-
tions such as percutaneous drainage or surgery up to 3 days 
after CT examinations, and in-hospital mortality.

Data analysis

A detailed description of the analysis has been published pre-
viously [14]. Briefly, the CT examination reports were sepa-
rately analyzed and categorized by two readers, one medical 
student, and one radiologist. Readers were blinded to the final 
diagnosis and therapy or any therapeutic consequences of the 
CT findings while analyzing and categorizing CT reports. 
Inconclusive cases refer to reports that received two different 
evaluations. For all inconclusive cases, imaging data were 
re-read. In all cases, consent was ultimately reached among 
the medical student, radiologist, and clinician.

CT findings were classified both by localization of the infec-
tious source according to body region and by diagnostic con-
fidence regarding focus identification. Focus identification was 
assessed on a four-point scale: no focus of infection is found (0), 
a possible focus can be identified [1], the scan provides a likely 
infectious focus [2], or the scan shows a definite focus [3]. The 
grading typically reflected the radiologists’ level of confidence 

Table 1   Basic characteristics of the study

Population and morbidity/mortality outcomes; results in absolute numbers and percentages or averages (standard deviation). Part of the demo-
graphic analysis has been published elsewhere (14). Discharge home refers to patients’ discharge following hospitalization with intermittent 
referral to regular wards
SD, standard deviation

Variable Number Percentage

Patients 165
Sex Male 98 59.4%

Female 67 40.6%
Immunosuppression Yes 68 41.2%

No 93 56.4%
Not documented 4 2.4%

Further requests Yes 133 58.6%
No 94 41.4%

Mean duration of hospitalization in days 46.5 (39.9)
Discharge Home 44 26.7%

For further treatment (rehabilitation center = 15, other hospital = 13, geri-
atrics = 10, nursing home = 1, palliative care = 2, other = 1)

42 25.5%

Information missing 5 3.0%
Referral to regular ward Yes 94 57.0%

No 71 43.0%
In-hospital mortality Died 74 44.8%

Survived 91 55.2%
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based on the extent of the organ involvement based on previously 
validated criteria. If more than one focus was identified, each was 
graded individually according to diagnostic confidence.

Statistical analysis

Collected data were captured in Excel (Microsoft, Office 
365 MSO, Microsoft, Redmond, WA, USA, Version 1908, 
2016). Data protection was guaranteed. Categorical data 
are presented as numbers and percentages per group, while 
biomarker levels are expressed as medians and interquartile 
ranges. The final discharge diagnosis from the discharge note 
was used as the reference standard for CT findings.

Proportions of cases in groups and subgroups were ana-
lyzed using contingency tables. The chi-squared test was used 
to compare differences in frequencies, including analysis of 
in-hospital mortality. Laboratory findings were analyzed with 
binary logistic regression. Due to the high correlation of the 
parameters, these were analyzed in separate univariable using 
logistic regression models. Post hoc testing was done with 
Mann–Whitney U test corrected using Bonferroni correction.

Due to the exploratory nature of our study, p values are 
to be interpreted as exploratory, not confirmatory. Statistical 
analysis was performed using SPSS (IBM Statistics soft-
ware, IBM Corporation, Version 25, 2017). A p value < 0.05 
was considered statistically significant for all tests. Two-
tailed tests were performed, unless mentioned otherwise.

Results

Basic characteristics

This analysis included 227 CT examinations in 165 patients; fur-
ther details have been published elsewhere [14]. Patients were 

hospitalized for a mean of 46.5 days (standard deviation (SD) 39.9). 
Of patients, 44.8% (n = 74/165) died during their hospitalization 
(Table 1). A focus was identified in 84.1% of CT scans (n = 191/227), 
while no focus was detected in 15.9% of CTs (n = 36/227).

Predictors of CT findings

Patients with immunocompromising conditions were analyzed 
according to whether CT findings were positive or negative: there 
was no significant difference regarding CT focus identification 
between patients with (43.6%, n = 99/227) and without immunosup-
pression (53.3%, n = 121/227): p = 0.88, median = 2.0 (interquartile 
range (IQR) = 1–3). SOFA scores were slightly but nonsignificantly 
higher in patients with a focus-positive CT, odds ratio (OR) = 0.999 
(95% CI 0.997–1.001) with p = 0.52. We then analyzed laboratory 
parameters indicative of infection, i.e., C-reactive protein (CRP), 
procalcitonin (PCT), and leukocytes, in focus-positive versus focus-
negative CT scans: CRP showed a minor but statistically significant 
elevation in the group with focus-positive CT scans (OR = 1.004, 
95% CI = 1.000–1.007, p = 0.04). No significant association was 
found for PCT (OR = 1.007, 95% CI = 0.991–1.023; p = 0.40) or 
leukocytes (OR = 1.003, 95% CI = 0.970–1.038; p = 0.85).

Microbiological testing

Complete analysis of all microbiological testing performed at 
the time of the CT examination identified 201 microbiological 
tests in 227 cases. The majority of microbiological tests were 
blood cultures (Fig. 1). In 44.8% (90/201) of cases, microbiol-
ogy showed growth of gram-positive/gram-negative bacteria 
or fungi, while 55.2% (n = 111/201) of the microbiological 
analyses remained sterile. After excluding contaminations, 
39.3% (n = 79/201) positive microbiological tests were counted 
as infections. A positive microbiology test result was noted in 
29.6% of tests (n = 95/321), corresponding to at least one posi-
tive test result in 34.8% of CT examinations (n = 79/227). Of 

Fig. 1   Types of microbiologi-
cal assessment (n = 321). The 
bar chart depicts in detail 
what types of microbiological 
assessment were performed. 
The majority of microbiologi-
cal tests performed around the 
time of CT examination were 
blood cultures, accounting for 
53.9% (n = 173/321). Other tests 
included urine culture, 23.1% 
(n = 74/321); puncture, 10.0% 
(n = 32/321); bronchial lavage, 
9.4% (n = 30/321); and swabs, 
3.7% (n = 12/321)

173

74

32 30
120

20

40

60

80

100

120

140

160

180

200

Blood culture Urine culture Puncture Bronchial lavage Swab

982 Emergency Radiology (2022) 29:979–985



1 3

all identified pathogens, 43.2% (n = 41/95) were gram-positive, 
42.1% (n = 40/95) were gram-negative, and 14.7% (n = 14/95) 
fungal infections. There were no significant differences in 
microbiological findings between focus-positive CTs at differ-
ent confidence levels versus negative CTs (p = 0.32). The num-
ber of positive microbiological tests was considerably lower 
than the number of positive CT scans (Fig. 2).

Consequences of CT examinations

In 33.5% (n = 76/227) of cases, the CT findings had at least one 
therapeutic consequence. In 81.6% (n = 62/76), the CT find-
ings resulted in one consequence, in 14.5% (n = 11/76) in two 
consequences, and in 3.9% (n = 3/76) in three consequences. A 
total of 93 consequences were found to be related to address-
ing the infectious focus. Therapeutic consequences followed in 
36.1% (n = 69/191) of focus-positive CT scans versus 19.4% 
of focus-negative CT scans (n = 7/36). The most common con-
sequence was a change in the patients’ anti-infective regimen 
(suppl. Table 1). The second most common consequence was 
surgical or interventional treatment.

Patient outcomes

For morbidity and mortality outcomes, length of hos-
pital stays and in-hospital mortality were analyzed in 

conjunction with CT findings: focus-positive CTs were 
not significantly associated with the duration of hospitali-
zation with p = 0.13. The length of hospital stay was at 
a mean of 49.5 days (SD 55.0) in the focus-positive and 
46.4 days (SD 50.5) in the focus-negative CT group. Also, 
there was no significant association between focus-posi-
tive CT findings and in-hospital mortality with p = 0.81: 
i.e., patients with focus-positive CT died in 46.1% 
(n = 88/191), patients with focus-positive CT survived in 
53.9% (n = 103/191).

Discussion

In this population, CT was more often positive for an infec-
tious focus than microbiological testing, confirming the sen-
sitivity of CT for focus detection. CT findings in medical 
ICU patients with sepsis cannot be accurately predicted from 
the clinical presentation including immunosuppression or 
laboratory parameters. In a significant subset of patients, 
CT findings resulted in a modification of the anti-infective 
regimen and surgical or interventional treatment. CT find-
ings did not allow the prediction of patient outcomes such 
as mortality (Fig. 3).

To our knowledge, there are no studies comparing the 
diagnostic yield of microbiology and CT in ICU patients 
with sepsis. We previously analyzed CT findings compared 
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Fig. 2   Diagnostic confidence level for focus-positive CT and results 
of microbiological analysis (n = 201). The bar chart indicates whether 
the microbiological analysis yielded a positive result in different lev-
els of confidence in CT performed for focus search, i.e., the micro-
biological yield dependent on the imaging results. A definite focus 
on CT was associated with positive microbiology testing in 47.8% 
(n = 43/90); a likely focus on CT with positive microbiology in 34.1% 

(n = 15/44); and a possible focus with positive microbiology in 31.6% 
(n = 12/38). There was no focus on CT but positive microbiology in 
31.0% (n = 9/29). A higher share of positive microbiological testing 
can be appreciated for definite foci on CT. Still, no significant asso-
ciation between different levels of confidence and associated microbi-
ology findings was observed; chi-squared test with p = 0.32
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with microbiology in patients with suspected sepsis in the 
emergency department [15]. The results of the current study 
suggest that CT and microbiological testing may have com-
plementary roles as patients with a focus-negative CT may 
have a positive culture and vice versa [17].

To our knowledge, patient outcomes in relation to CT find-
ings have not been reported in the literature before.

The retrospective design of this study does not allow 
interpretation of associations as causal links between the fac-
tors analyzed. This study was designed to generate hypoth-
eses from the explorative analysis. The number of chest foci 
was high in our analysis, though a complete analysis of risk 
factors for pneumonia was not performed. Ventilation as one 
factor known to predispose patients to nosocomial pneumo-
nia was not assessed. This study aimed at accounting for 
the heterogeneity of sepsis, and a more detailed analysis 
of specific foci was beyond the scope of this manuscript. 
The analysis of mortality is probably biased by therapeutic 
interventions aiming the focus detected by CT. Due to the 
heterogeneity of the data, it was not possible to account for 
this factor appropriately; a prospective study design might 
prove advantageous. Based on the results from this study 

and previous analyses, our data point to a predictive role 
of quantifying reader’s diagnostic confidence and thereby 
supporting structured reporting in imaging report. Even if it 
may be helpful for clinicians to consider while establishing 
a differential diagnosis, these data currently only represent 
single center data.

In conclusion, CT was more sensitive in focus detection 
than microbiological analysis, but the two diagnostic meth-
ods provide complementary information. Both clinical and 
laboratory parameters were not predictive of CT findings. In 
many patients of this cohort, treatment decisions were based 
on CT findings. CT findings seem to be insufficient predictors 
of patient outcomes.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10140-​022-​02083-9.
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Fig. 3   Imaging examples of patients with sepsis who received diag-
nostic CT. Patient 1 was a 62-year-old female with infiltrates con-
fined to the upper lobes of both lungs consistent with a diagnosis of 
pneumonia (a axial 5-mm reconstruction with lung kernel, d coro-
nal plane); this patient died during hospitalization. Patient 2 was a 
61-year-old female with a fluid-collection in contact both with the 
colon sigmoideum and the left adnexa; the imaging differentials 

included both an abscess due to perforated diverticulitis and a tubo-
ovarian abscess (b axial 5  mm with soft tissue kernel, e coronal 
5  mm), with the latter being confirmed by surgery. Patient 3 was a 
69-year-old male with peripheral perfusion deficits and perirenal fluid 
(arrows) in a kidney transplant (c axial 5 mm with soft tissue kernel, 
f coronal 5 mm)
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