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Abstract

Background Various contrast agents have been used for the evaluation of suspected esophageal
injury. However, conventional agents such as Gastrografin® (Schering, Berlin, Germany) are
associated with potential adverse effects, including pulmonary complications in cases of aspiration.
Recently, the use of nonionic, low-osmolar contrast agents with improved safety profiles has
increased. This study aimed to evaluate the diagnostic performance and clinical utility of orally
administered Pamiray® 370 Inj. (Dongkook Pharmaceuticals, Seoul, Korea) as compared with

Gastrografin®.
Methods We retrospectively analyzed 131 patients who presented with suspected esophageal

injury and underwent fluoroscopic esophagography at our institution between January 2015 and

November 2019. Two commonly used contrast agents— Gastrografin® and Pamiray® 370 Inj.—were
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compared. Imaging parameters including mucosal delineation, contrast transit time, and diagnostic
accuracy (false-positive and false-negative rates for perforation) were assessed. Additionally, follow-
up imaging was reviewed to evaluate residual contrast material and its potential impact on

subsequent examinations.

Results Oral administration of Pamiray® 370 Inj. demonstrated comparable diagnostic accuracy to
Gastrografin® in detecting esophageal perforation, with a tendency toward improved mucosal
visualization and more favorable transit characteristics. Furthermore, Pamiray® 370 Inj. showed
reduced residual contrast retention on follow-up imaging, suggesting less interference with

additional diagnostic studies. No significant increase in adverse events was observed.

Conclusions Orally administered Pamiray® 370 Inj. is a safe and effective alternative to
Gastrografin® for the evaluation of suspected esophageal injury. Its favorable safety profile and
reduced impact on subsequent imaging support its clinical utility, particularly in patients at risk of

aspiration.

Keywords: Esophageal Perforation; Contrast Media; Fluoroscopy; Sensitivity and Specificity;

Pulmonary Aspiration.

Introduction

Esophageal injuries may be a life-threatening event, for which an accurate diagnosis should be
made at the earliest opportunities possible [1]. Esophageal perforation may commonly occur as a
result of acute chest trauma or violent retching, and it also occurs as a complication of endoscopy or
surgery. Its causes may also include esophageal tumor, ulcer or accidental ingestion of a foreign
body, acid or chemicals. Most cases of esophageal perforation are of iatrogenic origin [2, 3]. The
mortality rate of esophageal perforation is estimated at 10-20%; it is also increased by 11.9% in
cases of anastomotic leakage following esophagectomy [4, 5].

Use of an endoscope is considered an initial diagnostic modality in patients who are suspected of
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having esophageal abnormalities [6, 7]. When it is difficult to insert an endoscope into the
esophagus, however, esophagography remains a useful diagnostic modality that is alternative to
endoscopy. It is known that esophagography considers both anatomical and functional
characteristics of the esophagus [8-10].

According to the American College of Radiology, patients who are suspected of having esophageal
perforation is indicated in fluoroscopic esophagography; fluoroscopic esophagography is commonly
considered as the first line of imaging study in identifying the presence of esophageal perforation
[11-14].

Barium sulfate (BaSO,) and Gastrografin® (Schering, Berlin, Germany) are used as contrast media
for fluoroscopic esophagography [15, 16]. Barium sulfate is an ionic salt of barium (Ba). It forms the
basis for a range of contrast media used in fluoroscopic examinations of the gastrointestinal tract. It
is water-insoluble; there is a remote possibility that toxic barium metal might be absorbed in the
body [17]. It shows a high diagnostic yield, but it may cause inflammatory reactions and fibrosis,
resulting in the granuloma and adhesion, when it enters the mediastinum [18-24]. Gastrografin®
may cause pulmonary edema during aspiration or may trigger the occurrence of adverse effects in
allergic patients [15, 25, 26]. Moreover, its disadvantage includes a poor diagnostic accuracy [15, 27,
28]. Additional imaging studies using barium have been performed when there are no visible lesions
after esophagography using Gastrografin® in patients who are suspected of having an esophageal
perforation [29, 30]. It is known, however, that esophageal perforation may be missed at rates of
10-12% and 22-50% when fluoroscopic esophagography is performed using barium and water-
soluble contrast media alone, respectively [14, 29, 30-34]. In this regard, Pamiray® 370 Inj.
(Dongkook Pharmaceuticals, Seoul, Korea) deserves special attention in that it is a low-osmolar
water-soluble contrast medium that has been used for fluoroscopic esophagography only in a
limited scope [35, 36].

Given the above background, we conducted this study to compare between Gastrografin® and

Pamiray® 370 Inj. in patients who are suspected of having an esophageal perforation.

Patients and methods

Study patients and setting
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The current retrospective study was conducted in a total of 163 patients who underwent
fluoroscopic esophagography at our medical institution between January, 2015 and November,
2019.

Inclusion criteria for the current study are as follows:

(1)  The patients who were suspected of having esophageal injuries

(2)  The patients who were suspected of having pneumomediastinum of mediastinal emphysema

(3) The patients whose clinical course was meticulously monitored following the removal of
foreign body substances at emergency department of our medical institution

(4) The patients who underwent fistulography using either Gastrografin® or Pamiray® 370 Inj. as
a routine procedure

(5)  The patients whose medical and video records were available.

Exclusion criteria for the current study are as follows:

(1) The patients who were not suspected of having esophageal injuries (e.g., esophageal stent
patency, gastroesophageal reflux or dysphagia) (32 cases)

(2)  The patients lost to follow-up

(3) The patients whose images could not be evaluated due to a large number of artifacts

(4) The patients who were deemed to be ineligible for study participation according to our
judgment.

Therefore, we finally enrolled a total of 172 patients (n=172) in the current study; it was approved
by the Institutional Review Board of our medical institution and conducted in compliance with the
relevant ethics guidelines. All procedures described herein were performed in accordance with the
1964 Declaration of Helsinki and its later amendments or comparable ethical standards. But

informed consent was waived due to its retrospective nature.

Fluoroscopic esophagography protocol

All the patients underwent fistulography using either Gastrografin® or Pamiray® 370 Inj., as
previously described [37]. The patients were placed in the upright position and then orally given
either Gastrografin® or Pamiray® 370 Inj. at a volume of approximately 120 mL during fluoroscopic
observation. They were evaluated for the possible extravasation of contrast material in at least
three different positions (anteroposterior, left posterior oblique and right posterior oblique) during

swallowing. In the patients showing extravasation in each position, radiographic spot films were
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obtained and additional radiographs were done to document it accordingly. Moreover, overhead
radiographs were obtained at the conclusion of the examination depending on the location of
anastomosis in the anteroposterior and lateral positions. A single anteroposterior upper abdominal
film was also obtained. All the imaging studies were performed by residents or attending
radiologists at the department of radiology of our medical institution, and their findings were

interpreted by attending radiologists. Following this, oral liquids were resumed [37].

Patient evaluation and criteria

We performed a retrospective review of the patients’ medical records; their baseline and clinical
characteristics include age, sex, diagnosis, anatomical location of the esophageal injury (cervical and
thoracic esophagus), the presence or absence of clinically apparent leak, the date of appearance of
the clinical leak, dates and results of contrast swallows, complication of the fluoroscopic
esophagography and additional clinical and imaging studies to confirm the presence of leak.

The patients receiving Gastrografin® and Pamiray® 370 Inj. were divided into the control group
and the trial group, respectively. Then, baseline and clinical characteristics were compared between

the two groups.

Statistical analysis of the data

All data was expressed as mean=standard deviation or the number of the patients with
percentage, where appropriate. We performed the Student’s t-test to analyze statistical
significances in differences in baseline and clinical characteristics between the two groups. All
statistical analyses were performed using the SPSS Ver. 18 for Windows (SPSS, Inc., Chicago, IL). A P-

value of <0.05 was considered statistically significant.

Results

Baseline characteristics of the patients

A total of 172 patients were included in the current study. Of these, 101 and 71 patients

underwent fistulography using Gastrografin® and Pamiray® 370 Inj., respectively. Moreover, nine

patients underwent fistulography using both Gastrografin® and Pamiray® 370 Inj. Baseline
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characteristics of the patients are summarized in Table 1.

Table 1. Baseline characteristics of the patients (n=172).

Kimet al

Values
Gastrografin® Pamiray® 370
Variables . P-value
group Inj. Group
(n=101) (n=71)
Age (years old) 57+18.47 56+20.02 >0.05
Sex
Men 73 (72.3%) 53 (74.7%) 20,03
Women 28 (27.7%) 18 (25.3%) '

Values are mean=standard deviation or the number of the patients with percentage, where

appropriate.

Discussion

Esophageal injury is a life-threatening condition that may arise from upper gastrointestinal
endoscopy, thoracic trauma or esophageal neoplasms. Prompt diagnosis and appropriate clinical
management of it would significantly affect morbidity and mortality [38]. However, the clinical
presentation of esophageal perforation is often nonspecific, necessitating radiologic or endoscopic
evaluation for diagnosis. In practice, many patients presenting with chest pain undergo chest CT
even when esophageal injury is not initially suspected, and suspicion of esophageal injury on CT
may subsequently lead to additional diagnostic testing [39].

Currently, esophagography using a water-soluble contrast agent is widely used as an initial
diagnostic modality for suspected esophageal injury. However, fluoroscopic esophagography with
water-soluble contrast agents demonstrates false-negative results in approximately 10-38% of
cases, often necessitating additional evaluation with barium. Nevertheless, barium carries a risk of
mediastinitis if leakage occurs, and aspiration may lead to pulmonary inflammation [29].

Traditionally, Gastrografin® has been the most commonly used water-soluble contrast agent for
esophagography. However, recent studies suggest that the use of low-osmolar intravenous contrast
agents is associated with a lower risk of pulmonary edema in cases of aspiration [40, 41].

With advances in multidetector computed tomography (MDCT), image acquisition time has been
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significantly reduced, and several studies have demonstrated the utility of CT esophagography in
diagnosing esophageal injury [42, 43]. Previous studies have evaluated either conventional
esophagography or CT esophagography alone; however, no studies have assessed the combined use
of both modalities [44, 45]. Accordingly, we examined the diagnostic accuracy and clinical utility of
performing contrast-enhanced and non-enhanced chest CT before and after esophagography in
patients with suspected esophageal injury. We suggest that combining esophagography using CT
contrast agents with CT esophagography can aid clinical decision-making, as follows: First, the initial
CT scan can help identify suspicious sites of esophageal injury, allowing targeted evaluation and
optimal patient positioning during subsequent esophagography. Second, dynamic esophagography
enables assessment in multiple positions beyond the supine posture, improving the likelihood of
detecting esophageal injury and increasing the diagnostic yield of post-esophagography CT. Third, if
contrast leakage is not detected during esophagography, immediate post-procedural CT can reduce
the risk of missed diagnosis. Fourth, in cases where post-fistulographic CT reveals suspicious
findings of perforation without definite contrast leakage on esophagography, it may assist in clinical
decision-making—specifically, whether to manage the condition as a microperforation with
observation or proceed with emergency surgery. Fifth, even small-volume aspiration of contrast
material during the examination can be detected on post-fistulographic CT and may be useful for
follow-up assessment.

But our results cannot be generalized because the current study reveals two limitations as
follows: First, from 2015 to 2017, only Gastrografin was used; between 2017 and 2018, both agents
were used intermittently; and from 2018 onward, CT contrast agents were adopted. Additionally,
two different fluoroscopic systems were used—one older and one relatively newer—potentially
introducing variability in image resolution and operator proficiency. Second, examinations were
performed by residents under specialist supervision, and variability in operator experience may

have influenced the quality of the studies.

Conclusions

In conclusion, our results indicate that dynamic fistulography using CT contrast agents, combined

with pre- and post-procedural CT esophagography, allows more accurate and safer diagnosis and

https://preprints.jmir.org/preprint/98239 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kimet d

evaluation of esophageal injury. But further studies are warranted to determine whether low-dose
CT protocols affect detection rates, to compare the safety of iso-osmolar versus other contrast
agents and to assess whether lower-viscosity contrast agents further reduce respiratory

complications in cases of aspiration.
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