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The concern for diverticulitis often leads to the use of computed tomography (CT) scans for diagnosis. 
We aim to develop an ultrasound-based clinical decision rule (CDR) to confidently rule-out the 
disease without requiring a CT scan. We analyzed data from a prospective study of adult emergency 
department (ED) patients with suspected diverticulitis who underwent both bedside ultrasound (US) 
and CT. Patient history, physical examination, laboratory findings, and US results were used to create 
a CDR via a recursive partitioning model designed to prioritize sensitivity, with a loss matrix heavily 
penalizing false negatives. We calculated the test characteristics for this CDR (TICS-Rule) and assessed 
the potential reduction in CT scans and ED length of stay. Data from 149 patients (84 female; mean 
age 58 ± 16) were used to develop the TICS-Rule. The final model integrates US diagnosis of simple and 
complicated diverticulitis, along with variables of heart rate, age, history of diverticulosis, vomiting, 
and leukocytosis. Negative US results and a heart rate below 100 effectively excluded diverticulitis. 
The sensitivity increased from 54.5% (32.2–75.6) in the US alone to 100% (84.6–100%) for complicated 
diverticulitis in the model. The TICS-Rule missed no cases of complicated diverticulitis but one case of 
simple diverticulitis. The median time from ED greeting to US interpretation was 103 min (IQR 62–169), 
compared to 285 min (IQR 229–372) for CT. The TICS-Rule uses a combination of negative US and heart 
rate less thanQ1 100 to exclude diverticulitis without the need for a CT scan. Integration of the TICS-
Rule offers a promising enhancement to clinical decision-making while reducing both CT use and ED 
length of stay.

Diverticulitis is a common and recurring disease, with a rising incidence correlating with advancing patient 
age and increasing overall incidence over time1. Although only 4% of patients with diverticulosis on computed 
tomography (CT) scan or colonoscopy are estimated to develop diverticulitis, it remains a common disease 
given that over 50% of Americans above the age of 60 have diverticulosis2,3. Diverticular disease prevalence 
increases with age, ranging from 10% in those younger than 40 years old and 50–70% in those older than 804,5. 
Given rates of diverticulosis and subsequent diverticulitis increase with age, the absolute rates and prevalence of 
this disease will continue to rise as our population grows and the average age increases. Not only is diverticulitis 
prevalent, but complicated diverticulitis is necessary to diagnose and treat given its high mortality rates. In a 
large national inpatient sample, 11.7% of patients admitted for diverticulitis had complicated diverticulitis due 
to abscess or perforation. These complications were associated with statistically significant increases in rates 
of inpatient procedures, operations, procedural complications, and death during hospital stay. Notably, the 
mortality rate for patients with perforated diverticulitis was more than five times higher than that for those with 
uncomplicated disease (5.4 vs. 1.0%)6. Overall, patients with complicated diverticulitis have repeatedly been 
shown to have higher mortality rates compared to age-matched or uncomplicated cases1,6,7.

Nationally, the approach to diagnosis of diverticulitis recommended by the American College of Radiology 
is to only use CT in cases of diagnostic uncertainty. The American Gastroenterological Association advises 
using CT in patients with suspected new diverticulitis diagnosis those with severe presentations at risk for 

1Department of Emergency Medicine, Brigham and Women’s Hospital, Harvard Medical School Boston, 10 Vining St. 
Neville House, Boston, MA 02115, USA. 2Harvard Affiliated Emergency Medicine Residency, Massachusetts General 
Hospital, Brigham and Women’s Hospital, Boston, MA 02114, USA. 3Division of Emergency Medicine, Ascension 
Seton Medical Center Austin, Austin, TX 78705, USA. 4Department of Emergency Medicine, Massachusetts General 
Hospital, Harvard Medical School Boston, Boston, MA 02114, USA. 5ACEP Research Forum 2020. Presented 
Nationally for ACEP October 2020 (Virtual Dallas, TX, USA). Abstract 144: An “Ultrasound-First” Protocol in 
Patients with Suspected Acute Diverticulitis is Associated with Reduction in Time and CT Utilization. SAEM21 
Abstracts. Presented Nationally for SAEM May, 2021 (Virtual, Atlanta, GA, USA) Plenary Abstracts. Point-of-care 
ultrasound as a rule-out test in suspected diverticulitis reduces emergency department length of stay. email:  
lselame@bwh.harvard.edu

OPEN

Scientific Reports |        (2024) 14:26435 1| https://doi.org/10.1038/s41598-024-78002-4

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf


complications, patients with failed response to therapy, immunocompromised patients, or those considering 
prophylactic surgery due to recurrences8,9. Similarly, internationally as advised by the European Society of 
Gastrointestinal and Abdominal Radiology, the approach to suspected diverticulitis only requires CT in cases of 
uncertainty or high risk10.

However, in most emergency department (ED) presentations, the potential diagnosis of acute diverticulitis 
often warrants a low threshold for contrast-enhanced CT scans to confirm the diagnosis, assess complications, 
identify those who may need further intervention, or consider important alternative diagnoses. Determining 
the severity of diverticulitis and risk factors for complications are essential to optimizing management pathways. 
Given its notable accuracy and consistency, CT has emerged as the foremost diagnostic imaging modality in 
patients with suspected diverticulitis11.

Multiple studies have demonstrated the feasibility and accuracy of ultrasound in the diagnosis of 
diverticulitis11–17. This suggests that the use of ultrasound in the initial evaluation of these patients may have 
a place in the diagnostic work up of certain patients. A meta-analysis showed comparable results between 
ultrasound and CT with respective sensitivities of 92% vs. 94% and specificities of 90% vs. 99%, respectively11. 
Notably, there is a paucity of evidence on determining the accuracy of the ultrasound in detecting diverticulitis 
complications including perforation, abscess formation, and obstruction. In a recent 2021 European multi-center 
observational study the overall sensitivity was 92.7%, but sensitivity for complicated disease was only 50%16.

The potential use of point-of-care ultrasound (US) for the diagnosis of diverticulitis in the ED has recently 
entered the literature via case series, single-center prospective trials, and a multi-center prospective trial14,15,17. 
In our prospective study from which the presented clinical decision rule (CDR) is derived, US showed a high 
sensitivity for detecting diverticulitis overall; however, there was a high rate of missed cases of complicated 
diverticulitis17. Overall, these results may suggest that US tends to overcall simple diverticulitis while potentially 
under-calling the not-to-miss diagnosis of complicated diverticulitis.

Therefore, relying solely on US for diagnosis may result in insufficient diagnostic accuracy, potentially leading 
to the overuse of antibiotics, unnecessary gastroenterology referrals and admissions, and missed complications. 
On the other hand, novel strategies to identify low-risk patients by performing US coupled with a decision 
algorithm has the potential to decrease hospital admissions, minimize the use of advanced diagnostics including 
ionizing radiation, and optimize resource utilization ultimately improving patient care.

To our knowledge, no CDR exists for suspected diverticulitis. The development of such a rule that does not 
rely on CT scans may have monumental effects on healthcare utilization. This is the first study to develop a 
CDR for diverticulitis and to quantify the time-saving effect this protocol could have for patients with suspected 
diverticulitis. This would benefit our patients by reducing ionizing radiation, intravenous contrast use, and ED 
length of stay (LOS). This practice has further system benefits, which include reductions in healthcare costs and 
ED overcrowding.

The primary goals of this investigation were (1) To develop an US-based CDR to rule out diverticulitis 
without CT, and (2) To quantify the potential time-saving impact on ED LOS through CT scan reduction. We 
hypothesized that integrating history, physical examination, and laboratory findings with US could augment 
clinical decision-making resulting in decreased CT utilization and ED LOS.

Methods
Study design and setting
The derivation and internal validation of the CDR were obtained from a prospective study of patients with 
suspected diverticulitis presenting to an urban academic ED with 117,000 annual patient visits over a nineteen-
month study period17. The ED is a level-1 trauma center, referral burn center, and stroke center which sees both 
adult and pediatric patients. The ED hosts an emergency medicine residency and an emergency ultrasound 
fellowship program. All ED patients are staffed by an attending physician, and most are also seen by a midlevel 
(resident or advanced practice practitioner) provider. This study was approved by the Massachusetts General 
Hospital Institutional Review Board (2019P001032). All research conducted in this study was performed in 
accordance with relevant guidelines and regulations and all patients included in the study provided informed 
consent.

Patients were enrolled via convenience sampling when physician and Advanced Practice Practitioner 
(APP) sonographers with training in the TICS protocol for diverticulitis were available17. Physician and APP 
sonographers included emergency ultrasound faculty who had completed one year of emergency ultrasound 
fellowship training, current emergency ultrasound fellows, and EM APPs with extensive emergency ultrasound 
training. All sonographers were blinded to the CT results performed and interpreted US scans. Sonographers had 
extensive background training in more standard US modalities through their emergency ultrasound training. 
They were trained to perform the TICS scans via a 1-hour didactic on reviewing the protocol and various images 
of pathologies followed by three precepted TICS scans in the ED.

Ultrasound scanning
Patients were scanned in the supine position with both curvilinear and linear transducers. The main points 
of reference were the left superior iliac spine and the left side of the bladder, in which a midpoint between 
these two structures marked a high-yield scanning region to identify the sigmoid colon. The sigmoid colon was 
followed in transverse and longitudinal planes until it met the descending colon in the left iliac fossa. US findings 
encompassed colonic wall thickness greater than 4 mm (T), the presence of intramural air in the diverticulum 
indicating its location (I), compression tenderness known as the Colonic Murphy sign (C), and hyperechoic 
pericolic fat stranding (S). All criteria aside from compression tenderness had to be present to be interpreted as 
diverticulitis. The presence of pericolic fluid collections or extensive extraluminal air were considered signs of 
perforation and/or abscess and thus complicated diverticulitis. All US interpretations were recorded in real time.
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CT scan protocol
All patients underwent abdomen and pelvis CT examinations performed in the ED using multidetector scanners 
(Somatom Force, Siemens Healthineers, Erlangen, Germany or Discovery CT750 HD, GE Healthcare, Chicago, 
IL). In 84% (125/149) of cases the scan was performed with intravenous iodinated contrast material, using 80 
mL of iohexol (Omnipaque 350, GE Healthcare, Chicago, IL) at a flow rate of 3 mL/s following by 40 mL saline 
chaser at a rate of 3 mL/s. Unless the provider requested an arterial phase study, the portal venous phase was 
used for all patients. The remaining 16% (14/149) or patients underwent non-contrast enhanced CT. Image 
acquisition was performed in helical mode from dome of the liver to 2 cm below ischial tuberosities. Imaging 
parameters for the Discovery CT750 HD scanner were 120 kVp, auto mA with a noise index of 20, pitch factor 
of 0.98, and 0.5-second rotation time. The images were reconstructed in axial, coronal, and sagittal planes with 
5-mm slice thickness and using 40% ASIR V. Imaging parameters for the Somatom Force scanner were Care kV 
(ref kV: 120), CareDose 4D (Quality ref mAs: 220), pitch factor of 1.1, and 0.5-second rotation time. The images 
were reconstructed in axial, coronal, and sagittal planes with 5-mm slice thickness and using ADMIRE strength 
of 3. All images were available for evaluation on an PACS workstation (Visage PACS, Visage imaging, San Diego, 
CA). CT scans were all read by a board-certified radiology attending.

Selection of participants
For this disease process which typically affects adults, eligible patients were at least 18 years old and presented to 
the ED with abdominal pain suspected by the treating physician to potentially be related to acute diverticulitis 
and planned for diagnostic CT of the abdomen and pelvis. Exclusion criteria included: a recent diagnosis of 
diverticulitis confirmed by imaging within 24 h of ED presentation, pregnancy, patients deemed too unstable by 
treating physician, history of colon resection, and patients who were unable to consent.

Methods of measurement
Before the performance of the US, the treating attending physician was asked to determine the pre-test 
probability of diverticulitis with a range of 0–4 (0 = zero, 1 = very low, 2 = low, 3 = moderate, and 4 = high pre-
test probability). The treating physician was not blinded to patient history or examination but to US and CT 
results (which were not yet available).

US interpretation was determined by the physician sonographer (not the treating physician), blinded to 
the patient’s medical record, laboratory findings, CT images and results, and final diagnosis. US interpretation 
was reported as negative, positive, or indeterminate for all subjects. Research associates extracted laboratory 
studies, including inflammatory markers, lactate, and creatinine, from the electronic health record (EHR) 
using a predefined questionnaire. Patient predictors included age, sex, ethnicity, past medical history, history of 
presenting illness, and vital signs. All patients with an indeterminate US result were excluded from the analysis.

CT scans were reviewed and interpreted by attending radiologists. These interpretations served as the 
reference standard for diagnosing diverticulitis. The method involved detailed assessment of the CT images 
to identify characteristic signs of diverticulitis, such as colonic wall thickening, fat stranding, the presence of 
diverticula, abscess, fistula, and extraluminal gas or fluid. These findings allowed further severity stratification of 
patients based on the Modified Hinchey score18.

The final diagnosis and the severity of diverticulitis were extracted by study investigators who used CT 
findings to determine the diagnosis and the Modified Hinchey score18. Hinchey Stage was dichotomized in 
defining severity scores as 0-Ia classified as uncomplicated diverticulitis and Hinchey Stage Ib-IV classified as 
complicated diverticulitis. All previously described variables were entered into a recursive partitioning model 
aimed at never missing a case of complicated diverticulitis.

White blood cell (WBC) elevation was defined using the reference standard which set greater than 10 × 109/L 
as the upper limit of normal and was used as our cut-off. Time to imaging results by US and CT, as well as total 
ED LOS were extracted from the EHR for each patient.

Study data were collected and managed using a HIPAA-compliant, web-based software program, Research 
Electronic Data Capture (REDCap, Nashville, TN)19,20.

Outcome measures
Primary outcomes were the derivation and implementation of a CDR used to rule out the presence of diverticulitis 
through the incorporation of US and potentially related demographic and clinical factors. The methodology 
included using specific ultrasound criteria based on TICS protocol and identifying associated clinical indicators 
that, when absent, reliably exclude the diagnosis of diverticulitis.

Secondary analyses included the calculation of the potential impact of the CDR on reducing the reliance on 
CT and subsequently decreasing ED LOS.

Primary data analysis
All patients included in the final analysis underwent both US and CT of the abdomen and pelvis and had 
standard history, physical examinations, and laboratory studies performed. Using CT findings as the reference 
examination, US combined with standard history and laboratory studies was used to develop a CDR aimed at 
identifying diverticulitis, and never missing a case of complicated diverticulitis.

Patient demographics, medical history, clinician pretest probability of diverticulitis, as well as outcomes were 
summarized as means with standard deviations for numeric variables or counts with percentages for categorical 
variables. The data was further stratified by outcome – negative, simple diverticulitis, and complicated 
diverticulitis. Comparisons between outcomes were made by t-test, chi-square test, or Fisher’s exact test where 
appropriate.
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All predictors considered for inclusion in the CDR model were acquired from the prospective cohort and 
are listed in supplemental Table 1. Predictors were excluded if more than 25% of the values were missing or 
they had near zero variance. Missing values were imputed via a bagged tree model. Numeric variables such as 
vital signs and lab values were replaced with binary variables representing normal and abnormal values, for 
example WBC > 10. This was done to simplify clinical implementation as well as reduce the likelihood of model 
overfitting. The set of features included for modeling were: demographics - age over 75, obese, gender; lab values 
- WBC > 10, lactate > 2, estimated glomerular filtration rate < 60, creatinine > 1.2; initial vital signs – heart rate 
(HR) > 100, respiratory rate > 20; history – diverticulosis, diverticulitis, abdominal surgery; symptoms – fever, 
nausea, vomiting, diarrhea, constipation, ability to tolerate oral intake; tenderness on the exam – left lower 
quadrant, left upper quadrant, right lower quadrant, and suprapubic area; US findings – diagnosis of simple 
diverticulitis, diagnosis of complicated diverticulitis, thickened bowel loops, dilated bowel, diverticula, fat 
stranding, free fluid, free air, and hyperemia; and pretest probability – none to very low, low, moderate to high.

A recursive partitioning model was then trained with a loss matrix that heavily penalized false negative results. 
This was done to favor the sensitivity of the CDR as opposed to overall accuracy. The complexity parameter was 
tuned via n-1 bootstrapping 50 times at each of the five levels for optimization. The final model implemented a 
complexity parameter of 0.013. Sensitivity, specificity, positive predictive values (PPVs), and negative predictive 
values (NPVs) were calculated for the CDR.

Secondary analyses investigated the time-saving potential of the CDR. We extracted specific times from the 
EHR: time of ED arrival, time of CT order, time of first US image, time of last US image, time of final CT report, 
and time of disposition. ED LOS was defined as the time between ED arrival to disposition. The time between 
the last US image and the final CT report was calculated as the potential for shortening in the ED LOS.

All patients who met CDR inclusion criteria were determined to be ruled out for complicated diverticulitis 
with no need for CT scans. The potential time-saving impact of this CT reduction was calculated by subtracting 
the time elapsed between the last US image and the final CT report.

Using the difference between the time of the first and last US images, the time of the US examination was 
determined. The time to CT completion was determined using the time the CT was ordered and the time of 
the final CT report. Comparison between the time to US interpretation and CT interpretation was made using 
Wilcoxon signed rank tests, with correlations between the two measures evaluated using Spearman correlation 
coefficients. Comparison between the elapsed time to US completion and CT completion was made using 
Wilcoxon signed rank tests, with correlations between the two measures evaluated using Spearman correlation 
coefficients. A Kaplan-Meier curve was generated to analyze time-to-image interpretation.

All analyses were performed using R statistical software (http://www.r-project.org/).

Results
Characteristics of study subjects
We enrolled 149 patients (84 female; mean age 58 ± 16) in whom the criteria fit the CDR analysis. Baseline 
characteristics are shown in Table  1. We found no association between a diagnosis of diverticulitis and age, 
gender, race, body mass index, or history of surgery. However, patients with diverticulitis had higher rates of past 
medical history of diverticulosis and diverticulitis, and an association was found with pre-test probability. Of 
the patients, 67.6% with simple diverticulitis and 22.7% with complicated diverticulitis were discharged home.

Development of the clinical decision rule
A recursive partitioning model was trained on historical, clinical, laboratory, and US features to augment 
the prediction accuracy weighted to prioritize the sensitivity of detecting any diverticulitis. The final model 
incorporated US diagnosis of simple and complicated diverticulitis, heart rate, age, history of diverticulosis, 
vomiting, and leukocytosis (Fig. 1). The US protocol and recursive partitioning model test characteristics are 
reported in Table 2. They include sensitivity of US protocol for complicated diverticulitis of 54.5% (32.2–75.6) 
with augmentation to 100% (84.6–100%) sensitivity in the recursive partitioning model. The overall accuracy of 
the CDR was 67.8% (59.7–75.2%), which exceeds the no-information rate of 49.7%. Test characteristics of the 
CDR for negative, simple, and complicated diverticulitis are reported in Table 2. The CDR identified all cases 
of complicated diverticulitis and only misclassified one case of simple diverticulitis as negative; this patient was 
discharged and did not return within 31 days.

The CDR to exclude diverticulitis included negative US results and HR < 100, a rule which we titled the 
TICS-Rule (Fig. 2). Often in casual medical lingo, the term “tics” is used to refer to diverticular sacs. We adopted 
“TICS” as an acronym for this protocol for ease of learning and mnemonic purposes, as “TICS” represents 
the key features of US findings in diverticulitis: colonic wall thickness greater than 4 mm (T), the presence of 
intramural air in the diverticulum (I), compression tenderness known as the Colonic Murphy sign (C), and 
hyperechoic pericolic fat stranding (S).

Of the 34% (50) of patients who were TICS-Rule negative only one had simple diverticulitis and there were 
no cases of missed complicated diverticulitis. Relevant alternative diagnoses with higher prevalence included 
colitis or proctitis 14% (7), diverticulosis 12% (6), nephrolithiasis 12% (6), small bowel obstruction or ileus 8% 
(4), epiploic appendagitis 6% (3), biliary ductal dilation 6% (3), and increased stool burden 4% (2). Overall, 73% 
(37) of these patients were ultimately discharged, 12% (6) were placed in ED observation, and 16% (8) were 
admitted.

Potential time and CT saving analysis
The time from ED arrival to the interpretation of either US or CT images is depicted in Fig. 3. The median time 
from ED presentation to US completion was 103 min (IQR 62–169) compared to 285 min (IQR 229–372) for 
CT (p < 0.0001). The median time required to complete the US protocol was 6 min (IQR 4–8). The median time 
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required to obtain CT results after the order was placed was 209 min (IQR 163–302). Median ED LOS was 402 
(IQR 315–549). Early disposition of TICS-Rule negative patients could reduce CT use by up to 34% and ED LOS 
by 188 (IQR 147–274) minutes in patients with predicted negative results and an overall 64 min (IQR 50–94) 
over the whole cohort.

Discussion
In this study, we derived an ultrasound-based clinical decision rule, the TICS-Rule, which aims to rule out 
diverticulitis. This represents a significant advancement in gastrointestinal diagnostics. With a new tool such as 
US for diverticulitis it is important to acknowledge inherent limitations associated with the use of all diagnostic 
tools including US; its performance and interpretation is highly dependent on proper training. While the 
potential strength for the TICS-Rule and its impact on the clinical environment is large, care must be taken to 
assure its adoption is preceded by proper training and the development of clear training guidelines.

The TICS-Rule capitalizes on the high NPV of combined negative US for diverticulitis and HR < 100. The 
sensitivity and NPV of this TICS-Rule for excluding complicated diverticulitis reaches 100%, thus prioritizing 
safety by eliminating concerns for missed complicated diverticulitis identified in prior diverticulitis ultrasound 
research. The lower sensitivity of the recursive partitioning model for no diverticulitis and simple diverticulitis 
is a result of using a penalized method to ensure no cases of complicated diverticulitis were missed, achieving 
100% sensitivity for complicated diverticulitis. Importantly when the TICS-Rule states a patient does not have 
diverticulitis this prediction comes with a 98.7% specificity. This means that the TICS-Rule rarely incorrectly 
rules out disease and is designed to never rule out disease when complicated diverticulitis exists. In our cohort, 
there was only one missed case of simple diverticulitis in a patient who had no complications in 30 days follow 
up and there were no cases of missed complicated diverticulitis.

Given such low false negative rates integration of the TICS-Rule may allow clinicians to safely reduce CT 
reliance without patient harm. Furthermore, a surprising finding was that, by using the TICS-Rule, providers 

Overall None Simple Complicated p-value

n 149 74 53 22

Age 58 (16) 57 (16) 58 (16) 62 (15) 0.418

Female (%) 82 (55) 37 (50) 32 (60) 13 (59) 0.469

Race (%) 0.394

 White 111 (74.5) 50 (67.6) 43 (81.1) 18 (81.8)

 Asian 3 (2.0) 3 (4.1) 0 (0.0) 0 (0.0)

 Black 7 (4.7) 5 (6.8) 1 (1.9) 1 (4.5)

 Other 28 (18.8) 16 (21.6) 9 (17.0) 3 (13.6)

Ethnicity (%) 0.134

 Hispanic 25 (17) 11 (14.9) 11 (20.8) 3 (13.6)

 Non-Hispanic 115 (77) 55 (74.3) 42 (79.2) 18 (81.8)

 Other 9 (6) 8 (10.8) 0 (0.0) 1 (4.5)

 BMI 29.3 (6.5) 27.7 (4.8) 31.4 (8.4) 29.1 (4.6) 0.009

 History Diverticulosis (%) 86 (57.7) 31 (42) 37 (70) 18 (82) < 0.001

 History Diverticulitis (%) 58 (38.9) 16 (22) 28 (53) 14 (64) < 0.001

 History of Surgery (%) 61 (40.9) 29 (40) 24 (45) 8 (36) 0.705

 Immunosuppressants (%) 8 (5.4) 2 (2.7) 4 (7.5) 2 (9.1) 0.345

Pretest Probability (%) < 0.001

 None to Very Low 34 (23.3) 29 (40.8) 3 (5.7) 2 (9.1)

 Low 68 (46.6) 30 (42.3) 29 (54.7) 9 (40.9)

 Moderate to High 44 (30.1) 12 (16.9) 21 (39.6) 11 (50.0)

 Surgery (%)

 Related to diverticulitis 4 (2.7) 0 (0) 0 (0) 4 (18.2) < 0.001

 Unrelated 8 (5.4) 6 (8.1) 0 (0) 2 (9.1) 0.095

Disposition (%) < 0.001

 Discharge 94 (63.1) 50 (67.6) 39 (73.6) 5 (22.7)

 Observation 20 (13.4) 10 (13.5) 8 (15.1) 2 (9.1)

 Admission 35 (23.5) 14 (18.9) 6 (11.3) 15 (68.2)

Events within 31 days (%)

 Representation 10 (6.7) 4 (5.4) 1 (1.9) 5 (22.7) 0.004

 Surgery 3 (0.20) 0 (0) 1 (1.9) 2 (9.1) 0.029

Table 1.  Baseline demographics of patients enrolled in the prospective cohort used in development and 
internal validation of the Clinical Decision Rule. Data are reported as mean (±Standard deviation) or n 
(%). (Body Mass Index = BMI).
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do not need laboratory studies to rule-out diverticulitis, something which can further reduce harm related to 
venipuncture and ED LOS. Recognizing that laboratory and urine studies are likely still helpful from a complete 
clinical work up of abdominal pelvic pathologies we did not investigate further time reductions related to not 
waiting for lab results. In all cases, the clinician should refer back to the clinical context to determine if laboratory 
studies are helpful for other reasons or if additional imaging is necessary. If the patient is not TICS-Rule negative, 
then it remains beneficial to pursue CT in the workup of acute diverticulitis.

Considering patient-centered outcomes, this practice can minimize the risk of radiation, contrast allergy, 
intravenous contrast use, potential nephrotoxicity, injury and anxiety related to venipuncture, and ED LOS. 
In each clinical case integration of pre-test probability for disease with TICS-Rule results and other available 
information has the potential to safely and efficiently better guide patient management21. From a systems 
perspective, this practice can minimize ED LOS and advanced imaging utilization both of which lead to 
cumulative effects on ED overcrowding, balance of resources, strains on support staff, radiologist utilization, 
and billing; and overall optimize integration of US in ED practice. Furthermore, the ability of this rule to exclude 
the need for laboratory studies will decrease IV-related complications including thrombophlebitis, pain, anxiety, 
and time. Additionally, the simplicity of a rule that merely includes HR and US makes it very accessible to 
outpatient offices including primary care, gastroenterology, rural medicine, and urgent care making integration 
of the TICS-Rule very appealing in risk stratification of patients with suspected diverticulitis who are borderline 
for needing ED evaluation or transfer to a facility with CT capability. It is our vision that providers who often 
treat patients at risk for diverticulitis should be the first to begin training in diverticulitis US and implement 
the TICS-Rule. In particular, for cases of recurrent diverticulitis, the use of US in ruling out recurrence or even 

Sensitivity Specificity PPV NPV LR+ LR-

Ultrasound Protocol

No
Diverticulitis 94.7% (86.9–98.5) 77%

(65.8–86) 80.7% (70.9–88.3) 93.4% (84.1–98.2) 4.1
(2.7–6.3)

0.07
(0.03–0.18)

Simple
Diverticulitis 90.6% (79.3–96.9) 76%

(66.3–84.2) 67.6% (55.5–78.2) 93.6% (85.7–97.9) 3.8
(2.6–5.5)

0.12
(0.05–0.29)

Complicated Diverticulitis 54.5% (32.2–75.6) 96.1% (91.1–98.7) 70.6% (44-89.7) 92.4% (86.5–96.3) 13.9
(5.4–35.5)

0.47
(0.30–0.75)

Recursive Partitioning Model (TICS-Rule)

No
Diverticulitis 67.6% (55.7–78) 98.7% (92.8–100) 98%

(89.6–100) 75.5% (65.8–83.6) 50.7
(7.2–357)

0.33
(0.24–0.46)

Simple
Diverticulitis 52.8% (38.6–66.7) 89.6% (81.7–94.9) 73.7% (56.9–86.6) 77.5% (68.6–84.9) 5.1

(2.7–9.6)
0.53
(0.39–0.71)

Complicated Diverticulitis 100% (84.6–100) 70.1% (61.3–77.9) 36.7% (24.6–50.1) 100% (95.9–100) 3.34
(2.6–4.4)

0
(0-undef))

Table 2.  Test characteristics of the ultrasound protocol and recursive partitioning model (TICS-Rule).

 

Fig. 1.  Development of the clinical decision rule (CDR) generated by recursive partitioning. Terminal nodes 
are labeled by the predicted class, distribution of outcomes is tallied below the label Negative/Uncomplicated/
Complicated. On the left hand side the derivation of TICS-CDR is depicted.
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monitoring resolution may both save patients from the risks associated with cumulative radiation and reduce 
delayed diagnosis by rapid identification of disease.

On a similar wavelength to the findings in this study, a large multi-center retrospective review of acute 
diverticulitis patients developed a machine learning algorithm that achieved 88% sensitivity and 72% specificity 
in identifying diverticulitis patients at risk for procedural or surgical intervention or hospital mortality22. 
Although the focus of this study was to identify patients safe for discharge from the ED, not those who are at high 
risk for serious complications, the suggestion that there exists a vital sign finding that can further risk stratify 
patients is echoed in the presented study.

The results of this study support the idea that for suspected diverticulitis clinical integration of US and patient 
factors can refute diagnosis with reasonable NPV and negative likelihood ratio. Had US been the only diagnostic 
imaging study used for every patient who was TICS-Rule negative, over a third of patients could have avoided 
CT, leading to a reduction of more than three hours ED LOS. Reduction of radiation, ED LOS, and phlebotomy 
needs are important patient-centered outcomes offered by the integration of this decision rule. In the current age 
of high CT utilization for diagnostic certainty, decision algorithms such as this can greatly improve patient care 
and help combat systemic issues of ED overcrowding23. Although it is previously documented in the literature 
that CT utilization is linked to increased ED LOS, a specific quantification of potential LOS reduction through 
incorporation of a CDR for diverticulitis has not been previously demonstrated24.

It is our hope that with proper training decision rules such as this can better identify those patients which 
need advanced imaging and laboratory studies, and those that do not. Use of rules such as this offer not only 
patient-centered benefits including reduced referrals to CT capable EDs, radiation exposure, lab draws, and 
time spent in the ED, but also work to ease the overall burden on the healthcare system. Ultimately, we hope 
identifying patients who do not require CT and/or labs leads to more judicious use of resources, leading to 

Fig. 2.  Components of TICS-Rule, including US findings in diverticulitis, and patient heart rate.
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improved and expedited patient care to those most in need, changes which lead to superior healthcare delivery 
through a systems lens.

A barrier to the widespread use of US and implementation of the TICS-Rule is the need for external 
validation. To our knowledge, and with extensive search, we could not find a similar study aimed at developing 
a CDR to rule out diverticulitis. Moreover, since US is user-dependent, the feasibility of using it as an alternative 
imaging modality depends on the availability of clinicians trained in the appropriate US protocol. Next steps 
include developing specific training protocols and understanding the learning curves associated with US for 
diverticulitis. Other possibilities include technological advancements such as the development of artificial 
intelligence algorithms to assist with accurate image interpretation. US should not replace CT scan if the patient 
does not meet TICS-Rule criteria or if the physician remains concerned about alternative pathologies. Therefore, 
the TICS-Rule should be limited to the low-risk cases with simple diverticulitis as the leading differential 
diagnosis. Further consideration on narrowing differential diagnoses and an adjudicated clinical assessment for 
a final disposition is warranted.

Limitations
There are limitations to the CDR derivation and TICS-Rule. First, the initial study design as a single-center 
observational analysis limits generalizability and the internal TICS-Rule derivation has not yet gone through 
external validation in other patient settings or when similar but different diverticulitis US protocols are 
performed by other sonographers. Therefore, this poses a limitation to the external validity of the study. External 
validation is necessary prior to safe implementation in clinical practice.

Second, it is important to acknowledge the limitations stemming from convenience sampling, where 
patients were selected based on the availability of US faculty (potential bias). This could potentially affect 
the generalizability of the findings to settings with less dedicated US training time. Furthermore, even when 
clinicians trained in this procedure are present in the future, their availability to perform this examination at 
bedside may be limited by the current state of the emergency department. For example, when the presence of the 
trained sonographer is required elsewhere for a critical procedure it is more feasible and potentially faster for a 
CT to be performed and interpreted without utilization of the TICS-Rule.

Third, our study excluded patients who were diagnosed with imaging confirmed diverticulitis within 24 h of 
ED presentation, currently pregnant, unstable, unable to consent, or who had a history of colon resection. This 
may limit the generalizability of these results to at-risk patient groups. However, we focused on using the TICS-
Rule to help identify low-risk patients, not those clinically identified as sick and who likely required advanced 

Fig. 3.  Kaplan-Meier plot depicting the time from ED arrival to availability of image interpretation by either 
CT (yellow) or TICS protocol (blue). Shaded area depicts the 95% confidence intervals.
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diagnostic testing and potential surgical interventions. This protocol can most safely be utilized in lower-risk 
patients with more narrow differential diagnoses.

Fourth, it is likely that a portion of the TICS-Rule negative patients would still require a CT scan to further 
evaluate for alternative diagnoses and if the US is indeterminate then the patient is excluded from the TICS-Rule, 
another reason why CT scan may be pursued. This may apply even more so to patients with a higher BMI which 
may limit diagnostic certainty of TICS protocol. Thus, the estimated CT reduction and time savings represent an 
upper bound to the true estimate. On the other hand, use of the TICS-Rule does not require laboratory studies, 
but in our analysis, we only subtracted time required for CT scan, rather than laboratory studies and CT scan. 
Therefore, it is possible that ED LOS reduction was under-estimated for some patients as radiology typically 
requires renal function results prior to administration of IV contrast.

Fifth, not all patients in this study received IV contrast for their CT examination. Depending on adipose 
tissue and other factors it is possible that CT examination was more accurate for patients that received IV 
contrast. It has been shown that unenhanced low-dose CT has a lower accuracy than enhanced standard-dose 
CT for diverticulitis diagnosis, especially for complicated diseases25. While a standard-dose CT protocol was 
used at our institution some patients received contrast and some did not, which could lead to variabilities in 
CT accuracy. We did not evaluate the reasons for avoiding contrasts in the 16% of patients, but contrast allergy, 
existing kidney disease (estimated glomerular filtration rate < 30), and potential risk of nephrotoxicity may have 
contributed to this choice.

Lastly and perhaps most importantly, we have not evaluated the learning curve for performance and 
interpretation of the TICS protocol used in this study. There are large variations in learning curves between 
different POCUS applications with image acquisition ranges between 18 repetitions to 84 repetitions for soft 
tissue and aorta applications, respectively26. The level of training required to achieve scanning and interpretation 
proficiency for the TICS protocol is vital in order to design sufficient training curricula. EDs looking to integrate 
the TICS-Rule would first need to undergo training in the TICS protocol. Whole bowel US is utilized for 
diverticulitis protocols in other ED settings, and protocol differences may affect their accuracy. However, the 
learning curve for either approach has not been well studied15.

Conclusions
We developed the TICS-Rule, the first ultrasound-based decision rule for ruling out diverticulitis and reducing 
the need for CT scans. The TICS-Rule successfully excluded clinically significant diverticulitis in ED patients with 
suspected diverticulitis. Patients with a negative TICS-Rule had no cases of missed complicated diverticulitis. 
Integration of the TICS-Rule can enhance bedside clinical decision-making, potentially leading to reductions in 
both CT use and ED LOS.

Data availability
The datasets used in and generated from this study are available from the corresponding author upon reasonable 
request.
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