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Abstract

Objective—Our goal was to perform a comparative effectiveness study of intravenous (IV)-only 

versus IV + enteral contrast in computed tomographic (CT) scans performed for patients 

undergoing appendectomy across a diverse group of hospitals.

Background—Small randomized trials from tertiary centers suggest that enteral contrast does 

not improve diagnostic performance of CT for suspected appendicitis, but generalizability has not 

been demonstrated. Eliminating enteral contrast may improve efficiency, patient comfort, and 

safety.

Methods—We analyzed data for adult patients who underwent nonelective appendectomy at 56 

hospitals over a 2-year period. Data were obtained directly from patient charts by trained 
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abstractors. Multivariate logistic regression was utilized to adjust for potential confounding. The 

main outcome measure was concordance between final radiology interpretation and final 

pathology report.

Results—A total of 9047 adults underwent appendectomy and 8089 (89.4%) underwent CT, 

54.1% of these with IV contrast only and 28.5% with IV + enteral contrast. Pathology findings 

correlated with radiographic findings in 90.0% of patients who received IV + enteral contrast and 

90.4% of patients scanned with IV contrast alone. Hospitals were categorized as rural or urban and 

by their teaching status. Regardless of hospital type, there was no difference in concordance 

between IV-only and IV + enteral contrast. After adjusting for age, sex, comorbid conditions, 

weight, hospital type, and perforation, odds ratio of concordance for IV + enteral contrast versus 

IV contrast alone was 0.95 (95% CI: 0.72–1.25).

Conclusions—Enteral contrast does not improve CT evaluation of appendicitis in patients 

undergoing appendectomy. These broadly generalizable results from a diverse group of hospitals 

suggest that enteral contrast can be eliminated in CT scans for suspected appendicitis.

Keywords

appendicitis; comparative effectiveness; Computed tomography; diagnosis; enteral contrast; oral 
contrast

Acute appendicitis is the most common indication for urgent intra-abdominal surgery.1 

Lifetime risk of appendicitis has been estimated at 8.6% for males and 6.7% for females.2 

Given its frequency, the ability to conduct an accurate and evidence-based assessment of 

suspected appendicitis is crucial. The clinical imperative has been to maintain a high 

sensitivity so that cases of appendicitis are not missed. Historically, this was achieved by 

accepting a high number of false-positive diagnoses, recognized only after patients were 

taken to the operating room for “negative appendectomies” (NA). The underlying strategy 

was to prevent delays in diagnosis that could result in perforation.3 However, over the past 

25 years, numerous studies have demonstrated that including imaging, especially computed 

tomography (CT) and ultrasound (US), into the assessment pathway for appendicitis reduces 

NA without increasing the frequency of perforation.4–12 CT has become commonplace in 

the evaluation of suspected appendicitis, and most centers report excellent results.

Technology has not remained static since the early days of CT imaging for appendicitis. 

Single detector scanners have given way to multidetector helical scanners, and interpretation 

has improved with higher-quality images produced by such advances as thin isotropic 

multiplanar reconstruction.13 Given these advances, investigators have begun to question 

whether aspects of CT scanning used in the past (eg, the use of rectal and/or oral contrast) 

are still necessary to achieve acceptable diagnostic accuracy.14,15 Forgoing enteral contrast 

may decrease time spent in the emergency department (ED), costs, and patient discomfort. 

To our knowledge, there are 3 small, randomized studies performed in tertiary centers that 

have demonstrated comparable accuracy between CT scans using only IV contrast and those 

performed with both IV and oral contrast.15–17 Some have expressed concern, however, that 

results achieved within study protocols carried out in high-volume academic centers are not 

applicable to other settings. Therefore, with efficacy of IV-only CT scans established, the 
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objective of the current study was to investigate the clinical effectiveness of CT scans 

performed without oral contrast in a variety of settings, including academic, nonacademic, 

rural, suburban, and urban hospitals. Even though the risks may be minimal, when an 

intervention (ie, administering oral contrast) cannot be shown to provide a benefit, its use 

should be discontinued so that patients are not unnecessarily exposed to such harms as 

aspiration, allergy, or inadvertent administration of the wrong agent.

METHODS

Study Population and Setting

Consecutive adult patients were included in this prospective cohort if they underwent CT 

scan before nonelective appendectomy at 56 hospitals in Washington State between January 

1, 2010, and December 31, 2011. The Surgical Care Outcomes and Assessment Program 

(SCOAP) is a physician-led quality surveillance program initiated in 2006. Recent estimates 

derived from the state’s abstract reporting system suggest that greater than 85% of 

nonelective appendectomies performed in Washington are captured by SCOAP. 

Participating hospitals submit data for all nonelective appendectomies. Data are collected 

prospectively by trained abstractors. Unlike administrative data sets in which billing codes 

are used to obtain information about diagnosis and treatment, SCOAP relies on direct review 

of clinical records. Although data are collected primarily for quality improvement, it is also 

a source of data for research. In 2010, the Agency for Healthcare Research and Quality 

funded the creation of a comparative effectiveness research platform using SCOAP data. 

That network—the Comparative Effectiveness Research Translation Network (CERTAIN)

—developed this research study, and data collection on contrast type was added to the chart 

review protocol in 2010. The Washington Department of Health institutional review board 

approved this project. The STROBE Statement Checklist was utilized in planning and 

reporting this research.18

Descriptive Variables

Demographic information, clinical characteristics, radiology interpretations, operative 

findings, and pathology results were abstracted from each patient’s clinical record using 

standardized definitions. Abstracted data are audited for quality control and to verify that 

charts are being evaluated in a similar way across sites. A comorbidity score was calculated 

on the basis of documentation of the following comorbid conditions: coronary artery 

disease, asthma, diabetes, HIV/AIDS, diabetes, and/or elevated serum creatinine. White 

blood cell (WBC) count was based on the result obtained most proximal to surgery. Body 

mass index (BMI) was calculated from recorded height and weight at the time of the 

procedure. Because height is frequently not measured, body weight was used instead of BMI 

in the multivariate analysis.

Outcome Variables

The outcome of interest was concordance between each patient’s final radiology 

interpretation and the final pathology report. Positive pathology results included documented 

appendicitis or an appendiceal mass. Imaging results were based on the final radiologist 

interpretation and were reported as positive for appendicitis, negative for appendicitis, or 
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indeterminate (definitions are given later). Imaging and pathology reports were considered 

concordant if imaging results were consistent with appendicitis and the pathology report was 

positive for disease or if imaging results were not consistent with appendicitis and pathology 

showed no evidence of disease. Indeterminate radiographic findings were considered 

discordant regardless of pathologic findings.

Because there is no standardized reporting for appendicitis on CT, abstractors use specific 

guidelines in evaluating whether reports should be considered positive, negative, or 

indeterminate. As a general rule, when faced with inconclusive language in a radiology 

report, abstractors are instructed to categorize as positive any report that conveys suspicion 

of a positive diagnosis (examples provided in the abstractor dictionary include “highly 

suspicious for appendicitis,” “probable appendicitis,” and “mild appendicitis”). However, 

when the radiology report is more circumspect, abstractors are instructed to categorize the 

results as “indeterminate” (examples provided include “cannot exclude appendicitis” or 

“possible appendicitis”). Influence of these definitions on our results was tested in a 

sensitivity analysis.

Statistical Analysis

Contrast regimens were categorized as [1] no contrast, [2] IV-only, [3] IV + enteral contrast 

(this includes IV + oral, IV + rectal, and IV + oral + rectal), and [4] enteral-only (oral, rectal, 

or oral + rectal). The primary comparison of interest was between IV-only and IV + enteral 

contrast (the decision was made to include all oral and rectal contrast into one “enteral” 

category because these contrast modalities work in the same way: opacification of the cecum 

and/or the appendix). Descriptive analysis was performed comparing clinical and 

demographic characteristics of those patients who received IV-only contrast to those who 

received IV + enteral contrast. Differences in categorical variables were evaluated for 

significance using the Pearson χ2 test. Student’s t test was used to compare continuous 

variables. Significance was set at α = 0.05.

The Washington State Department of Health classifies hospitals as “Rural” or “Urban,” and 

these designations were assigned to each hospital in SCOAP. Information on the presence of 

surgery residency programs or any residency programs was obtained from the Web site of 

the Accreditation Council for Graduate Medical Education (accessed July 10, 2012). Using 

these designations, hospital types were compared in terms of procedural volume, CT scan 

use, and concordance.

An unadjusted analysis was completed to compare crude odds of concordance for all 

contrast regimens with IV-only as the referent. Univariate logistic regression was also 

undertaken for clinical, demographic, and institutional characteristics; quantitative variables 

were included in continuous format. To adjust for potential confounding, we developed a 

multivariate logistic regression model. Covariates were initially considered for inclusion in 

this explanatory regression model if they were known from the surgical literature or from 

clinical experience to be associated with accuracy in diagnosing appendicitis. Only variables 

with significant associations in univariate analysis were included in the parsimonious final 

regression model. Using these a priori criteria, comorbidity score, sex, age, weight, 

perforation, and institution type were included as covariates. Institution type (urban 

Drake et al. Page 4

Ann Surg. Author manuscript; available in PMC 2014 October 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



academic, urban nonacademic, and rural) was initially selected as a covariate because 

previous studies have demonstrated that CT accuracy is lower outside of rigorously 

protocoled clinical trials.19–21 Patient weight was initially included because some have 

suggested that thin patients, with less intra-abdominal fat, may benefit from enteral 

contrast.14 Using a generalized estimating equation, the model was adjusted for clustering of 

patients by institution (ie, violations of independence). Observations with missing data were 

excluded from multivariate analysis. For contrast type, odds ratios (ORs) were generated 

with IV-only as the referent. STATA versions 10 and 12 were used for analyses (StataCorp 

LP, College Station, TX).

Sensitivity Analysis

As a sensitivity analysis, we recategorized all “indeterminate” CT scans as “positive” and 

repeated the original analyses. Because suspicion was high enough for all patients in this 

cohort to undergo appendectomy, many of the CT scans categorized as “indeterminate” by 

SCOAP may not have been viewed as such by surgeons making clinical decisions. To 

ensure that our findings were not sensitive to our own definitions of indeterminate and 

concordance, we then recalculated concordance with the recoded CT scans. This strategy 

has been adopted in previous studies as a primary categorization15 and as part of a 

sensitivity analysis.5 Finally, in an effort to assess whether selection bias influenced our 

findings, we generated a propensity-matched cohort based on nearly all of the clinical and 

demographic variables collected by SCOAP (many more than were used in the multivariate 

regression model) and repeated our analyses using this matched cohort.

RESULTS

A total of 9047 adult patients underwent a nonelective appendectomy in SCOAP hospitals 

from January 2010 to December 2011. Most patients (89.4%) were evaluated by CT scan. 

The Figure illustrates how patients were allocated to various imaging modalities. Of those 

who underwent CT, the 2 largest groups were those who had IV contrast only (54.1%) and 

those who had IV + enteral contrast (28.5%). By far, the most common IV + enteral regimen 

included oral contrast.

Patients in the IV-only group and IV + enteral group were similar (Table 1). The IV + 

enteral group were, on average, 1 year older (P = 0.01). Mean WBC count, serum creatinine, 

BMI, and weight were similar between groups as was the proportion of patients with 1 or 

more comorbid conditions. Among patients with enteral contrast, perforation was slightly 

more frequent (14.7% vs 17.4%, P = 0.005). Mean duration from ED admission to OR start 

time was increased by 48 minutes for those who had enteral contrast (P < 0.01).

Hospitals differed by processes of care and by concordance (Table 2). The vast majority of 

patients were treated in urban hospitals (91.3%). More than half were treated at hospitals 

that support some kind of residency program, but only 17% were treated at hospitals with 

surgical residencies. Urban hospitals and teaching hospitals used CT scan slightly less than 

rural and nonteaching hospitals. There was also a difference in the use of contrast. Urban 

hospitals and teaching institutions were substantially more likely to utilize only IV contrast 

than rural hospitals and those without training programs. Rural hospitals had higher overall 
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concordance than urban hospitals, as did hospitals with surgical residency programs 

compared with those without. Regardless of hospital type, there was no difference in 

concordance comparing IV-only to IV + enteral CT scans (Table 3).

For the entire cohort, concordance for IV-only scans was 90.4% and for IV + enteral scans 

was 90.0%. Completely unenhanced scans were 85.7% concordant, and those with enteral-

contrast only were 92.6% concordant. Completely unenhanced CT was the only modality 

that differed significantly from IV-only CT (unadjusted OR of concordance was 0.63, 95% 

CI: 0.05–0.79). After adjusting for age, sex, comorbid conditions, weight, hospital type, and 

perforation, there was no difference in concordance between IV-only contrast and IV + 

enteral contrast (OR = 0.95, 95% CI: 0.72–1.25). Independent predictors of discordant CT 

scans were lack of any contrast (IV or enteral) and the presence of 3 or more comorbid 

conditions (Table 4). Increasing age was associated with concordance, and increasing weight 

had a small but significant impact on concordance. Presence of a perforated appendix was 

the strongest predictor of concordance, with adjusted OR of 2.17 (95% CI: 1.65–2.87).

The sensitivity analysis based on indeterminate scans recategorized as positive and the 

propensity-matched analysis both generated nearly identical results as the original analysis: 

concordance was the same for IV-only and IV + enteral CT scans.

DISCUSSION

In a population of patients undergoing nonelective appendectomy, enteral contrast did not 

improve accuracy in the diagnosis of appendicitis compared with IV contrast alone. 

Although this study did not evaluate all patients undergoing CT for suspected appendicitis, 

several small randomized trials of IV-only versus IV + enteral contrast in patients 

undergoing evaluation for suspected appendicitis have yielded similar results.15–17 Other, 

nonrandomized studies of IV-only contrast use in patients with suspected appendicitis also 

report good performance.7,22,23 Our study provides substantial additional data to these 

prospective trials by demonstrating broad clinical effectiveness. We conclude that IV 

contrast alone is sufficient for the diagnosis of appendicitis in a wide variety of hospitals, 

outside of tertiary centers and strict research protocols.

Although, oral contrast does not reach the cecum in as many as 30% of patients,15,24 several 

benefits of oral contrast have been suggested. One of the purported benefits of oral contrast 

is opacification of the appendix, which can assist in its identification and location; a 

traditional radiographic sign of appendicitis is the non-opacified appendix (suggestive of 

luminal obstruction). Despite wide use, there are no published data to support the hypothesis 

that radiopaque oral contrast benefits the detection of acute or chronic abdominal conditions 

by multidetector CT. Gastric or intestinal distension may assist interpretation, but oral 

contrast may also generate false positive findings.14,25

Forgoing enteral contrast offers several potential benefits. The first of these is reduced time 

in the ED. A recent randomized trial found that patients who received oral contrast awaited 

disposition an average of 90 minutes longer than those who did not.15 In our analysis, 

patients who received enteral contrast waited an average of 48 minutes longer than those 
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who did not. Another benefit is that patients, who may be nauseated from their 

gastrointestinal symptoms, are not required to consume a large volume of oral contrast 

material (in some cases not long before induction of general anesthesia)24 or required to 

undergo rectal catheterization for administration of rectal contrast. There is a long-standing 

debate in the literature whether oral contrast is a risk factor before induction of general 

anesthesia, but there are numerous case reports describing adverse pulmonary events in the 

setting of aspirated water-soluble and barium-based oral contrast agents, and several authors 

recommend forgoing contrast when possible before anesthesia.26–28 Finally, there may be a 

benefit in terms of cost reduction. As enteral contrast is not very expensive (a liter of 

positive oral contrast costs less than $3.00), savings may be achieved primarily through 

shortened time in the ED, improving efficient use of scarce emergency medicine resources14 

and possibly increasing revenue for hospitals. Clearly, despite these benefits and despite 

data from previous studies, many patients who undergo CT for suspected appendicitis still 

receive enteral contrast (for instance, nearly a third of the patients in this cohort). The 

findings presented here, generated from a diverse group of hospitals, may help to drive 

practice change toward a more evidence-based workup for suspected appendicitis.

Several studies have observed reduced specificity and positive predictive value in scans 

performed with oral contrast, including 1 large systematic review29 and 1 randomized 

trial.15 Calculations of specificity and positive predictive value are heavily dependent on the 

frequency of false-positives, which would most frequently manifest clinically as NA. Our 

study found a slight increase in NA among patients who received enteral contrast (3.5% vs 

2.7% in IV-only scans, P = 0.046). Why this is a consistent finding among several studies is 

not clear, but it may relate to the fact that a nonopacified appendix has traditionally been 

considered a sign of appendicitis, and “over-calls” of appendicitis may result from scans in 

which the appendix did not fill with contrast for reasons other than appendicitis.

Previous investigators have studied the accuracy of completely unenhanced CT scans, 

achieving results equivalent to other contrast regimens.30–32 In our study, 1001 patients 

underwent completely un-enhanced CT, and concordance was only 85.7%. There are 

disadvantages to IV contrast, including the risk of renal insult and the risk of iodinated 

contrast allergy; however, complete lack of enhancement may reduce the ability of CT scan 

to make alternative diagnoses, which has been one of the arguments for routine use of CT 

scans in the evaluation of adults with suspected appendicitis.

This study does have limitations. As with any observational study, there may be 

unrecognized sources of confounding. In particular, we do not know why patients received 

the contrast regimens they did, which may have led to selection bias. Selection bias would 

be limited by the use of imaging protocols at participating hospitals, but it is unclear how 

many patients were imaged according to protocols and how many had contrast regimens 

selected based on clinical factors. The major discernible difference between the 2 groups 

was a slight increase in perforation among patients who received enteral contrast. We tested 

this association in a separate multivariate logistic regression and found that adjusting for 

age, sex, weight, comorbid conditions, and hospital type eliminated the difference in 

perforation between patients with IV-only scans and those with IV + enteral contrast (OR = 

1.1, 95% CI: 0.90–1.33). Using most of the clinical and demographic variables collected by 
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SCOAP, we also performed a propensity-matched analysis to evaluate for evidence of 

selection bias. Our findings were unchanged, although 1 limitation of this technique is that it 

cannot overcome the effects of unmeasured covariates.33 SCOAP data are based on final 

radiology reports, which are not always available to clinicians making real-time diagnostic 

decisions. “Wet reads” by ED physicians or consulting surgeons may be different than 

official radiologist interpretations, which could mean that these findings vary to some extent 

from how these scans were used in actual clinical practice. Finally, as noted earlier, this is a 

cohort of patients who underwent appendectomy, not patients with suspected appendicitis. 

In our view, this limitation is mitigated when the results of the current study are considered 

in tandem with evidence from randomized trials.

CONCLUSIONS

Data from SCOAP-CERTAIN suggest that enteral contrast does not offer diagnostic benefit 

for patients who undergo appendectomy. Furthermore, within each category of hospital type, 

CT scans enhanced only with IV contrast performed as well as CT scans in which enteral 

contrast was also used, suggesting that these findings are broadly generalizable. Increased 

ED efficiency, patient comfort, and safety may be improved without compromising 

diagnostic effectiveness. Enteral contrast should be eliminated in IV-enhanced CT scans 

performed for suspected appendicitis.
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FIGURE. 
Imaging Modality and Contrast Choice in SCOAP. The Figure details how patients were 

distributed among the various available imaging modalities. The gray boxes track those 

patients considered in this study. Percentages in the fourth band indicate the percentage of 

overall CT scans performed with each contrast regimen. These are also the categories 

utilized in univariate and multivariate logistic regression analysis.
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TABLE 1

Clinical and Demographic Characteristics of the CT Cohort

Patient Characteristics IV Contrast Only IV + Enteral Contrast (Oral, Rectal, or Both) P

N 4191 2210

Male, % 52.9% [2214/4189] 50.7% [1121/2210] NS (0.105)

Mean age (SD) 39.4 (16.1) 40.5 (17.0) 0.011

Mean WBC count (SD) 13.4 (4.4) 13.2 (4.6) NS (0.110)

Mean serum creatinine (SD) 0.9 (0.6) 0.9 (0.6) NS (0.598)

Mean BMI (SD) 29.2 (0.9) 29.0 (0.9) NS (0.904)

Mean weight (SD) 82.3 (21.5) 81.6 (22.2) NS (0.216)

Comorbidity index, %

 0 86.7% [3635/4191] 87.6% [1935/2210] NS (0.352)

 1 11.3% [474/4191] 11.0% [242/2210] NS (0.664)

 2 1.4% [58/4191] 1.1% [25/2210] NS (0.396)

 3+ 0.6% [24/4191] 0.4% [8/2210] NS (0.256)

Perforation, % (NA excluded) 14.7% [598/4066] 17.4% [370/2124] 0.005

Negative appendectomy, % 2.7% [111/4184] 3.5% [78/2202] 0.046

Mean hours from ER admit to OR start 8.3 h 9.1 h <0.001

Concordance, % 90.4% [3077/4177] 90.0% [1981/2201] NS (0.591)

Patients who received the contrast regimens of primary interest are compared in Table 1. For continuous variables, standard deviations (SD) are 
presented in parentheses. Independent Student’s t test was used to test differences between continuous variables presented as means, and the 

Pearson χ2 test was used in comparisons of categorical variables. Where percentages are shown, exact numbers are denoted in brackets.
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TABLE 3

Concordance by Hospital Type: IV-Only Versus IV + Enteral Contrast

Hospital Type IV Contrast Only (% Concordance) IV + Enteral Contrast (% Concordance) P

Urban 90.2% [3466/3844] 89.7% [1763/1966] NS (0.55)

Rural 93.4% [311/333] 92.8% [218/235] NS (0.77)

Surgery residency program 92.8% [773/833] 90.9% [91/320] NS (0.29)

No surgery residency program 89.8% [3004/3344] 89.9% [1690/1881] NS (0.99)

Any residency programs 91.1% [2237/2455] 90.1% [1096/1217] NS (0.30)

No residency programs 89.4% [1540/1722] 89.9% [885/984] NS (0.68)

Differences in percent concordance were tested using the Pearson χ2 test. Exact numbers are presented with each percentage in brackets.
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TABLE 4

Contrast Type and Concordance: Univariate and Multivariate Analysis

Variable

Unadjusted Fully Adjusted

Odds Ratio 95% Confidence Interval Odds Ratio 95% Confidence Interval

IV contrast only Ref Ref

IV + Enteral contrast 0.95 0.72–1.27 0.95 0.72–1.25

Enteral contrast only 1.33 0.90–1.96 1.46 0.92–2.31

No contrast 0.63 0.05–0.79 0.62 0.49–0.79

Age (centered at 40) 1.015 1.01–1.02 1.02 1.01–1.02

Female Ref Ref

Male 1.63 1.41–1.88 1.59 1.37–1.85

Comorbid condition(s) score

 0 Ref Ref

 1 0.97 0.79–1.19 0.86 0.67–1.10

 2 0.76 0.44–1.31 0.55 0.29–1.02

 3+ 0.54 0.30–0.97 0.35 0.18–0.65

Patient weight 1.01 1.00–1.01 1.01 1.00–1.01

Urban nontraining hospital Ref Ref

Urban training hospital 1.43 0.998–2.06 1.25 0.89–1.77

Rural hospital 1.49 1.01–2.20 1.52 0.94–2.43

Nonperforated appendix Ref Ref

Perforated appendix 2.17 1.71–2.75 1.98 1.52–2.55
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