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Abstract
The importance of fluoroscopy as an imaging modality has been minimized relative to other cross-sectional modalities, including high-resolution computed tomography (CT), magnetic resonance imaging (MRI) and ultrasound. Fluoroscopy examinations have decreased in clinical practice due to reduced appreciation of its usefulness, insufficient training of residents, fewer staff with adequate expertise, and poor reimbursements relative to other modalities. We revisit and build upon the prior literature and history of this decreased utilization. We then seek to prove continued value, through categorized examples and within multiple subspecialties, wherein fluoroscopy plays an integral part toward clinical diagnoses as well as optimizing patient outcomes. This is particularly true for motility and esophageal disorders, where structure and function with real-time evaluation is essential.  We additionally show several post-operative cases where the synergy of fluoroscopy with CT and endoscopy is apparent.  The fluoroscopic radiologist also has the unique ability to vary patient positioning, as opposed to traditional CT or MRI, where orthogonal views are employed without positional or temporal changes. We turn attention to the modern era, with synergistic and novel cases demonstrating that fluoroscopy remains instrumental toward achieving a diagnosis alongside other modalities. Our cases stress the need to maintain expertise in fluoroscopy skill, and underline its continued importance in residency training programs.  We conclude that fluoroscopy is a relatively inexpensive modality that is often under-appreciated in diagnostic radiology. We suggest that competency in fluoroscopy is crucial for future generations of radiologists to both work with their peers, as well as to aid clinicians in the optimal treatment of patients.
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Core Tip: Although the use of fluoroscopy has diminished with the advent of high-resolution computed tomography (CT), magnetic resonance imaging (MRI) and ultrasound, we show how fluoroscopy is essential in the diagnostic algorithm and should remain an integral part of residency training. We demonstrate in this review that fluoroscopy remains an essential modality, and build upon and reference prior concerns that outline the challenges facing fluoroscopy. We address such concerns with an optimistic outlook and case examples. We not only highlight the routine uses of fluoroscopy, but more significantly state that fluoroscopy now works synergistically with CT, MR, and other cross-sectional modalities, even in the modern age.

INTRODUCTION
Fluoroscopy remains a valuable modality, even in the age of high-resolution cross-sectional imaging modalities such as computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound. It is a unique and essential tool within diagnostic radiology, and must remain an integral part of practice and residency training.
We review the past literature alongside the nature of fluoroscopy itself, beginning with the routine use of fluoroscopy as an initial diagnostic modality, underlining its utility even in the age of alternative imaging techniques. We then build upon concern expressed in the past literature regarding the apparent decline of fluoroscopy. We then present several cases in which fluoroscopy acts as an adjunct to other cross-sectional modalities, and facilitates the determination of a correct diagnosis. Finally, we show more novel examples of pathologies discovered using fluoroscopy, without which a relevant finding may have been entirely undiagnosed. Our goal is to review and reaffirm the essential role of fluoroscopy in all such categories, while reviewing the state of the modality in current radiology practice.

THE ROLE OF FLUOROSCOPY IN MODERN RADIOLOGY
As described in a 2009 review by Levine et al[1], the volume of fluoroscopic examinations (particularly barium studies) has been declining for decades. This trend has been partially attributed to the increasing availability of advanced cross-sectional imaging and interventional modalities such as CT, MRI, and endoscopy. Specifically, concern was raised for the future of barium fluoroscopy in that review, with two possible end scenarios presented: the first was the eventual obsolescence of the gastrointestinal (GI) fluoroscopic examination; the second scenario was the possible stabilization and/or increase in the utilization of fluoroscopy as a cost-effective diagnostic examination[1], which relates to the objectives in this review.
There are several explanations for the apparent decline of fluoroscopy. The first is a plethora of other imaging options: modalities such as CT, MRI, and ultrasound are now used in tandem with manometry, endoscopy, and even direct clinical intervention (such as with empiric medication) particularly for GI complaints like epigastric pain or dyspepsia. Abdominal CT, focused ultrasound, and MRI enterography may now visualize pathologies previously seen with a fluoroscopic small bowel series. Even the realm of medical screening now utilizes more advanced cross-sectional imaging, with CT colonography a prime example (although public awareness of this procedure still remains under discussion, and is still considered “low” at near 1% utilization)[2].
It is not only the availability of additional modalities that poses a challenge to fluoroscopy. Prior reviews demonstrate that economic factors1 play a large part, as fluoroscopic examinations bring lower reimbursements than CT or MRI[3], particularly as based on the relative value unit (RVU) system[4]. Additionally, many emerging professionals may deem fluoroscopy as a “lower tech” form of imaging, as compared to MRI or CT. Thus, it has become increasingly difficult to find younger radiologists interested in performing these examinations. Additionally, radiology programs have not sufficiently emphasized the importance of fluoroscopic procedures. Finally, fluoroscopy is an operator-dependent modality, and unlike others (such as CT and MRI) where a technologist is primarily responsible for image acquisition, it is often the radiologists themselves that must both perform and interpret a fluoroscopic examination.
In the 2009 review, the above was noted to have negative repercussions on radiology residency training in the “art” of fluoroscopy. The number of faculty and fellows assigned to GI fluoroscopy is often lower than that of body CT, ultrasound, or MRI. Residency training may be limited to several weeks in the first year, and then afterwards only during the pediatric and night call resident rotations. As noted, insufficient training often results in the “the blind leading the blind” among senior to junior residents, which subsequently compounds errors. This is particularly a challenge when many fluoroscopic examinations are performed by trainees. In a retrospective analysis of 17966 examinations over 5.5 years, trainees had significantly more radiation exposure than that of faculty[5]. The investigators also felt that better awareness and understanding of that discrepancy may aid training programs in developing benchmarks, protocols, and focused teaching in the safe use of fluoroscopy for patients and operators.
By its very nature, fluoroscopy remains a hands-on experience, requiring direct training in the fluoroscopy suite. Faculty with working knowledge of the “applicable medical physics, patient positioning, and techniques for optimal visualization of abnormalities on single and double contrast examinations”[6] are an essential aspect of a well-rounded curriculum. Patient safety requires at least a working knowledge of fluoroscopic technique. Leaders and faculty within departments must believe in the intrinsic value of the modality, while learners must remain enthusiastic, with a curriculum that is clear and thorough.
In this review, we discuss basic fluoroscopy and present select cases of the modality working in tandem with other modalities. Our goal is not to preserve the modality simply to “keep it alive”. We must also recognize its unique benefits in radiology practice even today.

BENEFITS OF FLUOROSCOPY
First, and most significantly, a benefit of fluoroscopy is its ability to obtain a real-time evaluation with true temporal resolution, including the ability to reposition a patient during an exam, which is often not available on traditional CT or MRI. Second, fluoroscopy exposes patients to potentially lower doses of ionizing radiation than CT, with the average dose approximately 10-50 mGy/min for normal fluoroscopy with a typical fluoroscopy suite setup[7] and with total exam times often under 1 minute. This is compared to the approximately 12 mSv effective dose for a sample CT abdomen/pelvis, and up to 24 mSv for a multiphase CT examination of the same region[8]. Third, fluoroscopy provides the ability for focused and functional examination of a particular region of interest. Lastly, contrast administration with agents including barium and non-ionic compounds can be evaluated in real time.
On the technical side, novel techniques have also been proposed to facilitate assessment on sequential studies and for different RIS/PACS systems that will reduce ambiguities and misinterpretations, such as real-time labeling of sequential fluoroscopic swallowing studies[9].

DISCUSSION OF CASES
For the purposes of this review, we have categorized select fluoroscopic cases to include: (1) those cases in which fluoroscopy is performed routinely per protocol, as an initial or mainstay modality (such as in the workup of esophageal abnormalities, post-operative gastrointestinal examinations, or in the pediatric setting where CT is less preferred due to radiation dose); (2) those cases in which fluoroscopy provides synergistic value to other modalities such as CT in achieving diagnoses, therefore showing its enduring utility; and (3) several illustrative cases in which a novel diagnosis is made with fluoroscopy, underlining its unique properties.

CATEGORY 1: ROUTINE USES OF FLUOROSCOPY 
Routine use of fluoroscopy (i.e., as an initial workup or preferred diagnostic modality) is used to show both structural and functional anatomy. This is the solid basis for the use of fluoroscopy in the clinical setting, and it accentuates the utility of fluoroscopy remaining part of any radiology practice and residency curriculum.
The full range of fluoroscopic pathologies and radiologic findings are well described elsewhere. Levine et al[10] for example, have previously shown the multitude of structural and morphologic abnormalities delineated on routine esophageal fluoroscopic examinations. While the entirety of such cases is beyond the scope of a review, “routine” fluoroscopy in radiology departments performed today is as relevant now as it was for Levine and colleagues in 2009.

Esophageal abnormalities 
Fluoroscopy, besides being an adjunct to other higher-cost modalities, is by itself an excellent diagnostic tool appropriate for the elucidation of both benign and malignant esophageal pathology, as well as for the pre- and post-operative evaluation of patients. It is useful for functional as well as structural esophageal evaluation, with the esophagram and upper GI series (UGI) remaining both noninvasive and relatively inexpensive. Exams may be performed with or without the assistance of a trained speech pathologist, and in that setting, may also be used to elucidate a variety of abnormalities[11]. In addition, fluoroscopic evaluation may show morphologic abnormities in place of endoscopy[12], or perhaps demonstrate pathology such as gastroesophageal reflux in the place of pH monitoring[13]. We show the utility of routine fluoroscopy as an initial-choice modality for esophageal disorders. Particularly in the on-call setting, familiarity with the spectrum of esophageal disorders seen fluoroscopically should be required for both residents and radiologists in current practice.

Achalasia: Primary achalasia occurs idiopathically, and secondary achalasia is caused by external factors, including malignancy. It is defined as an incomplete relaxion of the lower esophageal sphincter (LES) with absent/decreased esophageal peristalsis. Primary achalasia, in particular, is seen on UGI examination by a characteristically dilated esophagus with a tapered, beak-like narrowing at the distal aspect (Figure 1).

Esophageal pseudodiverticulosis: Esophageal intramural pseudodiverticulosis is defined by small outpouchings within the esophageal wall, with many causative factors to include chronic esophagitis, gastroesophageal reflux, strictures, and malignancy (Figure 2).

Malignancy and stricture: Fluoroscopy may be utilized to visualize an esophageal malignancy, as well as to follow up a stricture in the setting of treatment. The esophagram is a useful tool for detecting stricture[14], as well as to differentiate between a begin and malignant stricture[15]. Figure 3 show a case of a 64-year-old male with squamous cell carcinoma of the esophagus and long-segment stenosis, subsequently treated with stent and chemotherapy, and ultimately developing a more prominent stricture, easily visible on serial fluoroscopic examinations.

[bookmark: _Hlk52630688]The utility of real-time evaluation—a non-propulsive esophagus with incomplete passage of ingested material: A nonpropulsive esophagus is presented in Figure 4, demonstrating the value of real-time and functional evaluation. Incomplete passage of a barium tablet is seen, with only a narrow channel later visualized at the LES after oral contrast. These findings were found to be compatible with secondary achalasia, with the patient undergoing a successful peroral endoscopic myotomy (POEM) procedure. CT was not at all necessary for this diagnosis, and would have been of limited value toward the establishment of decreased peristalsis as compared to a functional examination.

Fluoroscopy in the post-operative setting
Fluoroscopy is routinely used as an initial modality in the post-operative setting. This may be performed to evaluate for complications, including post-operative leak (Figure 5), fistula formation, and/or those sequalae which may present in the less acute setting, such as patients who are status post fundoplication[16]. The UGI examination is commonly used to this end. While CT may show findings such as extraluminal gas as a sign of perforation, fluoroscopic studies are more ideal for demonstrating the site and location of leaks[17] and of possible recurrence. Other conditions, such as gastro-gastric fistula formation, can indeed be seen in the post-operative setting, although they are discussed in a later aspect of this review for case-related reasons.
While it has been shown by Xu et al[18] that computed tomography may be superior to fluoroscopy in specific post-operative cases, fluoroscopy remains essential in an initial evaluation, often prior to CT.
In that regard, the actual “hospital course” of a radiologic workup must also be considered in the post-procedural setting. Immediate evaluation and/or stat requests from the emergency department to confirm gastric tube placement (including the gastrostomy and gastrojejunostomy subtypes) in both the pediatric and adult populations are essential fluoroscopic examinations[19]. While it is well known that alternate radiographic images may be utilized for gastric tube placement, fluoroscopy remains ideal (1) in order to evaluate real-time findings (including those that are incidental); and (2) to better evaluate for anatomic localization as well as possible and highly concerning gastric outlet obstruction (GOO) which may occur in the setting of G-tube placement[20].
As these studies may be requested from both the ED and pediatric/GI services, residents (particularly those on call) and practitioners must have training. This includes protocolling for appropriateness, as well as actual performance and interpretation.

[bookmark: _Hlk52621729]Modified barium swallow
Also known as a videofluoroscopic swallowing study (VFSS), the modified barium swallow (MBS) is often considered the procedure of choice for swallowing evaluations and evaluation of associated pathology, primarily because it permits the functional visualization of different consistencies of contrast bolus flow in relation to structural movement throughout the upper aerodigestive tract and in real-time[21]. Additionally, sequential VFSS exams are used to evaluate a patient’s progress if there is a known finding. The use of different per-oral (PO) consistencies, combined with the real-time ability to evaluate for aspiration and muscular dysfunction using fluoroscopy, is intrinsic and therefore unique to this modality (Figure 6).

Myelography
Outside of the gastrointestinal tract, fluoroscopy is a first step in CT myelography and remains an invaluable tool in the evaluation of cerebrospinal fluid (CSF) leaks or nerve root avulsions, even in the age of MRI[22].   Real-time fluoroscopy is used to guide lumbar or cervical needle placement for the subsequent introduction of myelographic contrast into the intra-thecal space, and to monitor that same contrast administration in real-time (Figure 7). Additionally, because surgical hardware can cause significant artifact on MRI, myelography is still the gold standard for evaluation of the post-operative spine after hardware fusion. As training programs increasingly employ residents on neurologic lumbar puncture rotations, this remains an essential skill.

Hysterosalpingography
Hysterosalpingography (HSG) remains an important fluoroscopic procedure in the investigation of infertility, especially tubal patency (Figure 8). Essure® placements (note: no longer on the market) and their subsequent complications have been appropriately evaluated with fluoroscopy. It has been shown that HSG demonstrates the morphology of the uterine cavity and the patency of the fallopian tubes, with a variety of abnormalities visible that would not be so easily seen on other modalities[23]. HSG is considered to have a high sensitivity and specificity for the evaluation of tubal patency, shown in a prospective series to 92.1% and 85.7%, respectively[24]. 

Retrograde urethrocystogram
Retrograde urethrocystoscopy is invaluable for evaluating structural abnormalities such as urethral strictures, as well as post-operative complications such as leaks (Figure 9).

Fluoroscopy in the pediatric setting
Dose amounts are of strong consideration in the pediatric settings, and CT is therefore not a preferred modality. In addition to a range of UGI examinations (for the evaluation of esophageal reflux, tracheoesophageal fistula, intestinal malrotation, and other disorders), pediatric examinations may include fluoroscopic small bowel series, diagnostic and/or therapeutic barium enemas (for example, for the evaluation of Hirschsprung’s Disease), voiding cystourethrograms, and more “interventional” therapeutic applications, such as the acute reduction of an ileocolic intussusception or enteric tube placement. Residents and attending staff should be competent in performing these procedures. Several cases are demonstrated:

Voiding cystourethrogram: The fluoroscopic voiding cystourethrogram (VCUG) is often used in combination with ultrasound in the evaluation of reflux, persistent urinary tract infection (UTI), duplication of the collecting systems, and abnormal bladder morphology. Functional evaluation is key, and while it has been shown that non-fluoroscopic imaging modalities in the evaluation of vesicoureteral reflux (such as the Radionuclide Cystogram, or RNC) may also be useful from a functional perspective, it is also accepted that for the initial evaluation of anatomy, and particularly the grading of reflux,  fluoroscopic VCUG is preferred, (although ultrasound may be gaining increased usage)[25]. Given the prevalence of reflux in children, especially among those children with concurrent UTI[26], the utility of fluoroscopy in this setting cannot be overemphasized (Figure 10).

[bookmark: _Hlk52629697]Tracheoesophageal fistula: Tracheoesophageal fistula (TEF) represents one of the most common congenital anomalies seen in major pediatric surgical centers[27]. Specifically, we present a case of a 10-mo-old female showing a fistulous tract between the proximal esophagus and proximal trachea, located above the carina. Upon fluoroscopic evaluation, contrast was seen to follow the tract, and then to strikingly outline both the proximal trachea as well as the right and left mainstem bronchi. Findings were compatible with an H-type fistula. Strong note is made that repositioning with real-time fluoroscopy in both lateral and supine positions assisted in this diagnosis. (Figure 11).

Intestinal malrotation: Intestinal malrotation is a congenital anomaly resulting in the incomplete rotation of the fetal intestine around the axis of the superior mesenteric artery. Symptoms usually present in early childhood, and diagnosis is often made in the pediatric radiology setting. Fluoroscopic upper gastrointestinal series is the most commonly used investigative modality for the diagnosis of malrotation and midgut volvulus, with proper fluoroscopic technique (such as positioning) essential to maximize diagnostic accuracy.[28] Common fluoroscopic findings include (1) the duodenojejunal (DJ) junction failing to cross the midline of the left-sided vertebral pedicle, (2) the DJ junction lying inferior to the duodenal bulb, and (3) segments D2 and D3 of the duodenum not seen to lie posteriorly in the expected retroperitoneal position. We present as case of 4-wk-old male, status post gastroschisis repair, and unable to feed. UGI series was performed, and easily identified the classic features of malrotation of the small bowel, with the duodenal structures appearing to the right of the midline. Follow up examination showed similar findings 3 d later (Figure 12).

Intussusception Reduction: With intussusception, the real-time nature of fluoroscopy, as well as the skill of the operator, is of paramount importance. Intussusception is a common pediatric emergency and fluoroscopy-guided (often hydrostatic) reduction is an equally common nonoperative management strategy for treatment[29]. Multiple modalities are often used toward diagnosis and treatment, requiring the multimodal skill of sometimes a single operator (such as a resident on night call) to understand findings across CT and/or ultrasound, and ultimately fluoroscopy: including the images showing successful intervention and reduction.
We present a night call case of a 2-year-old male with ileocolic intussusception, first seen on outside CT, then confirmed on in-house ultrasound, and finally reduced (overnight) using fluoroscopically guided intervention. (Figure 13).
Such cases strongly reflect the importance of fluoroscopy in residency training. Here, the overnight resident was involved across all modalities, and without the proper fluoroscopy training, would have been of limited value in the case of a classic and hazardous pediatric emergency.
The cases of basic fluoroscopy discussed above, shown across several anatomic systems, illustrates that the modality still has strong basic utility in the current age, and confirms that ongoing and concrete instruction in the protocolling, performance, and interpretation of routine procedures must be considered both by practitioners and by radiology training programs.

CATEGORY 2: FLUOROSCOPY AS A COMPLEMENT TO OTHER MODALITIES, INCLUDING CT
While the previous categorization applied to the more basic or routine uses of fluoroscopy in the age of CT, MRI, and ultrasound, we will now build upon the concerns of prior reviews and focus now on how fluoroscopy is used synergistically with these increasingly utilized modalities. The future of fluoroscopy depends on such synergistic use, and we underline the importance of the practitioner’s understanding that fluoroscopy may be called upon to further elucidate findings in these settings.
Certain cases, such as gastro-gastric fistula (and the case of caustic ingestion, discussed later), may also be seen as an initial fluoroscopic workup. They are discussed here as they reflect a more pertinent case-specific relationship with ancillary modalities.
Multimodal cases include those in which initial (often cross-sectional) imaging was either insufficient or unsuccessful in establishing a diagnosis. In many of these cases, the utility of fluoroscopy, primarily with the unique ability to analyze in real-time as well as reposition a patient during an exam is illustrated.
Initial CT evaluation from the ED may be limited. This may be related to an undesired initial patient position or incorrect initial CT protocol. Failure of contrast bolus timing may also be a culprit during emergencies. In these cases, repeat CT may not be possible (due to dosage issues, allergies, etc.), and often a real-time component (where such would assist toward the diagnosis) is also not performed. In such cases, a causative diagnosis for a patient may not be initially established, and further evaluation with fluoroscopy is required. It is also important to note that oral (PO) contrast is not routinely used on many initial CT protocols, especially in the ED[30]. The reasons are varied and beyond the scope of this discussion; however, in cases where diagnosis is in doubt (particularly in GI cases), PO contrast for further evaluation will be needed in some form. The practitioner’s choices will therefore include repeat CT with PO contrast, or perhaps real-time fluoroscopy of the area in question.
We demonstrate, through several cases, the utility of fluoroscopy as an adjunct toward achieving a diagnosis not initially made on preliminary cross-sectional imaging, and build upon previous reviews expressing concern in this regard.

Use of repositioning to discern abnormalities
The supine position is most commonly utilized in CT. However, real-time repositioning of the patient under fluoroscopy is commonly used to see otherwise unnoticed abnormalities. The ability to reposition a patient to additional positions (such as lateral, etc.) is illustrated through a sample case (Figure 14A and B) showing a fluoroscopically discovered fistulous communication with anterior abscess in the duodenal sweep, notably not initially seen on CT.

Contained leak status-post Roux-en-Y procedure
Gastrointestinal leak is a known complication after both gastric bypass (GB) and sleeve gastrectomy (SG). The reported incidence, in a large published case series of open and laparoscopic cases, is between 0.1% and 8.3% after GB and 0% and 7% after SG[31]. Specifically, enteric leakage was shown to remain as a significant risk after Roux-en-Y gastric bypass, with a retrospective analysis showing that 5.25% of patients developed a leak out of a total of 400, and with differing treatment approaches[32]. CT and fluoroscopy often work in tandem toward the evaluation of such leaks. In those cases where initial CT was performed and read as negative, fluoroscopy remains invaluable toward a quick and focused method to elucidate the diagnosis. Figure 15 therefore demonstrate a case of a 34-year-old female patient status post gastric sleeve procedure, complicated by a leak and converted to a Roux-en-Y bypass.  Ongoing leak was seen following this procedure, with later attempt at an open revision of the gastrojejunostomy. Initial CT with IV contrast was read as negative. However, follow-up fluoroscopy with steep oblique and delay imaging elucidated contrast passing into an aerated structure seen just below the diaphragm, confirming a contained leak.

Gastro-gastric fistula
Gastro-gastric fistula occurs in up to 6% of Roux-en-Y gastric bypass procedures, with multiple theories for their formation. They may result as a technical complication from the incomplete division of the stomach during the creation of the pouch, or perhaps occur after a staple-line failure, then developing a leak with an abscess, which then drains into the distal stomach forming the fistula[33].
In cases of gastro-gastric fistula, even CT with PO contrast may not make a definitive diagnosis, due to the specific bolus timing and repositioning requirement. For CT, it has been shown that when performed properly, the relative attenuation ratio of oral contrast in the excluded stomach vs the gastric pouch on imaging may be a reliable tool in differentiating GG fistula from oral contrast reflux. After taking relative attenuation ratios into account in the excluded stomach and gastric pouch, radiologists' final conclusions were seen to achieve higher sensitivity (58.3%) and specificity (100%)[34]. However, PO contrast is sometimes not utilized in the initial workup, and also must be performed with correct bolus timing. If either is deficient, alternative modalities such as fluoroscopy serve as excellent and often quick ancillary examinations to cross-sectional imaging.
We present a case of a 50-year-old female presenting with upper abdominal pain, with history of a 5 cm × 5 cm perigastric collection, status post previous gastric sleeve bypass surgery with conversion to Roux-en-Y bypass. Initial CT of the abdomen and pelvis with intravenous contrast was read as negative for complications (Figure 16A and B). Subsequent fluoroscopy was then performed, with right anterior oblique (RAO) views demonstrating a contained walled off area of extravasation from the normal path of contrast (Figure 16C and D). Follow-up upper endoscopy was obtained, which confirmed evidence of gastro-gastric fistula. Pathology in this case was also examined, demonstrating gastric mucosa and confirming the diagnosis.

Caustic Ingestion: CT, upper endoscopy and fluoroscopy in collaboration
Corrosive agents cause severe damage to the gastrointestinal tract, with significant morbidity and mortality in these patients. Upper GI endoscopy remains the test of choice for assessing severity in the acute phase. However, modalities such as CT and fluoroscopy commonly demonstrate distinctive radiologic patterns. Esophageal strictures may be seen, with either short-segment or long-segment luminal narrowing and stenosis. This is presented in detailed pictorial reviews such as by Kamat et al[35] While these findings may be elucidated on an initial workup using fluoroscopy alone, we present here a case where fluoroscopy was both essential and ancillary to CT.
[bookmark: _Hlk52627863]We present a 26-year-old male, with history of caustic ingestion. Initial CT demonstrated long segment luminal stenosis of the esophagus (Figure 17A and B). Upper endoscopy was performed, and was then aborted due to a non-traversable stricture. Next, upper endoscopy was re-attempted, this time with fluoroscopic guidance, and was successful for stent placement (Figure 17C and D). Ultimately, a final UGI fluoroscopic examination showed successful contrast passage through the now stented esophagus (with direct comparison to initial CT shown in the sagittal plane, (Figure 17E). This case powerfully shows the synergistic utilization of CT, upper endoscopy, and fluoroscopy to achieve a successful outcome.

CATEGORY 3: FLUOROSCOPY AS A TOOL FOR DIAGNOSIS IN THE NON-ROUTINE AND INCIDENTAL SETTINGS
While these following cases are not “routine” in the sense of an initial workup, perhaps the most novel utilization of fluoroscopy is toward the “de novo” diagnosis of pathology. While relatively rare, we include two such cases to emphasize that such evaluations rely heavily on the functional-imaging and temporal aspects of fluoroscopy, and how these aspects can highlight incidental findings beyond the basic indication of an exam.

Myasthenia gravis, neostigmine and serial fluoroscopy
We have already discussed the versatility of fluoroscopy in “functional” evaluation. There arise occasions, however, where more non-routine diagnoses can be established, sometimes requiring multiple fluoroscopic evaluations, medication administration and collaboration with clinicians.
[bookmark: _Hlk52628281]The neurological setting provides a unique example for the novel use of fluoroscopy. We present a case of a 69-year-old female, initially admitted for chronic obstructive pulmonary disease (COPD) exacerbation, with additional concern regarding dysarthria, dysphasia, lip/tongue numbness, and fatigability. Initial MBS was performed with multiple consistencies, with the ultimate findings of laryngeal penetration to the level of vocal cords and a disorganized swallow pattern (Figure 18A).
Neurology consultation was obtained, and two subsequent fluoroscopic evaluations were performed. A repeat MBS demonstrated mildly better results with thin liquid showing faint flash penetration (Figure 18B).
Finally, the use of neostigmine prior to repeat MBS was proposed and utilized to great effect, with the final swallow demonstrating even more improvement, with better organization in sequence and with no significant aspiration or penetration at multiple consistencies (Figure 18C and D). The combination of serial fluoroscopic findings under different circumstances, including neostigmine administration, was considered by neurology as highly supportive of the diagnosis of myasthenia gravis in this patient.

Epiglottic mass
We present a case of MBS performed for a 64-year-old male, with history of dysphagia for 1 wk for solids and pill medications. Initial indication was for evaluation of possible aspiration. While thin liquids showed penetration and aspiration, on review, incidental note was made of a prominent soft tissue bulge at the inferior aspect of the epiglottis (Figure 19A).
Follow-up CT of the neck showed an enlarged, irregular, and enhancing epiglottis concerning for primary mucosal malignancy (Figure 19B).
Pathologic sample of the laryngeal surface of the epiglottis showed fragments of squamous cell carcinoma with basaloid features and necrosis, with additional samples from the trachea, base of tongue, and lymph nodes showing focal and metastatic squamous cell carcinoma.
This case highlights that discovered pathologies may expand beyond the initial findings and indications for exam (in this case, indication as penetration and aspiration). 

LIMITATIONS
The above categorical and historical discussion describes the utility of fluoroscopy across several settings, and also describes the many benefits inherent to the modality. However, no modality is without limitation. Limitations to fluoroscopy exist on both the patient and operator sides. Patient compliance with positioning and ability to take PO contrast remain an issue, particularly in intensive care unit (ICU) patients or those requiring ancillary staff, such as respiratory therapy, to monitor and remain present during the examination. Fluoroscopy also relies on significant operator skill (including the radiologist and technologist), particularly in terms of correct positioning and optimal image acquisition. Finally, radiation dose parameters and time of exam must remain within safety limits. As shown in a 2015 analysis by Wambani et al[36], the majority of the fluoroscopic examinations in their selected cohort were performed with both longer fluoroscopy time and with patient dose values with mean values above the international diagnostic reference levels. This again shows that proper training for the responsible personnel is essential, and emphasizes that correct fluoroscopy technique be an integral part of teaching for radiology residency programs.

CONCLUSION
We demonstrate in this review that fluoroscopy remains an essential modality, even in the age of high-resolution CT, MRI, and ultrasound. We build upon prior concerns that outline the challenges facing fluoroscopy, and have emphasized the need to highlight these procedures in our training programs. We agree with the 2009 findings of Levine et al[1] that radiology departments must hone the skill of their residents, and recruit/retain radiologists with strong interest and expertise in fluoroscopic procedures.
In addition, we not only highlight the routine uses of fluoroscopy, but show that fluoroscopy works synergistically with CT, MRI, and other cross-sectional modalities in the age of high-resolution diagnostic algorithms. 
Fluoroscopy will continue to be an essential modality for diagnostic radiology and clinical medicine, alongside those of high-resolution CT, MRI, and ultrasound. It must also be recognized as an important therapeutic modality, such as in the treatment of intussusceptions and small bowel obstructions.
While the future of advanced modalities does not appear all in doubt, with continued improvements both technologically and in terms of sub-specialization, the future of fluoroscopy remains tenuous.
The challenges facing fluoroscopy are: (1) its poor reimbursements, relative to other radiology examinations; (2) increased physician time required to perform examinations, compared to other diagnostic procedures that are performed at a workstation either on-site or miles (possibly continents) away from the patient; and 3) the relative dearth of mentors in training programs able to share the skills necessary to perform examinations and teach the nuances of fluoroscopy to trainees. 
The future will likely see more physician supervision of Physician Assistants and Radiology Assistants who will perform more protocolized fluoroscopy exams. Alternatively, interventional radiology (IR) may take the lead, given the procedure-based orientation of IR. This could be discussed on a local level, depending on individual training programs.
Residency programs have evolved over the years, alongside a significant increase in scientific knowledge as well as an increase in the capabilities of new and improved modalities. Further sub-specialization and advanced fellowship training is now common. We suggest that fluoroscopy be maintained as an integral part of general radiology residency programs, and even suggest the possibility of an advanced fellowship for dedicated training.
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Figure Legends
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Figure 1 Achalasia. A and B: Fluoroscopic evaluation showing esophageal dilation and distal tapering of the esophagus.
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Figure 2 Esophageal pseudodiverticulosis. A and B: Numerous outpouchings noted along the esophageal contour on oral contrast fluoroscopic examination (red arrow).
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Figure 3 A 64-year-old male. A-C: Carcinoma of the esophagus showing long segment moderate stenosis with irregular border and “apple core” appearance at the upper esophagus (red arrow, upper left). Stent was placed, with follow-up exam showing worsening stricture, with near complete occlusion of the esophagus (blue arrow).
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Figure 4 Nonpropulsive esophagus. A-E: Value of “real-time” evaluation. Nonpropulsive esophagus is seen, with incomplete passage of barium tablet (red arrows), and ultimately minimal passage of contrast (blue arrows).
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Figure 5 Fluoroscopic views of the rectal region status post anastomosis. A tiny focal area of extraluminal contrast (blue arrow), noted in the right posterior aspect of the rectum near the suture line.
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Figure 6 Modified barium swallow. A and B: Thin liquid administration showing aspiration during Modified Barium Swallow examination. The second figure shows the same patient, showing aspiration with nectar. Real time labeling was used to identify otherwise difficult-to-differentiate consistencies (red arrows).
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Figure 7 Myelography. A-C: Needle positioning using real-time fluoroscopy for introduction of non-ionic contrast into the intrathecal space. Real time evaluation allows for close monitoring of contrast placement in the setting of pre-existing hardware (red arrow), which may limit evaluation on other modalities.
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Figure 8 Hysterosalpingogram shows bilateral spillage through both Fallopian tubes, as part of an infertility workup.
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Figure 9 Retrograde urethrocystogram. A and B: Retrograde urethrocystogram showing significant stricture of the bulbar urethra. Post-urethroplasty fluoroscopic examination showing focal extravasation of contrast (red arrow). Foley catheter was therefore not removed.
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Figure 10 Fluoroscopy. A and B: Fluoroscopy demonstrating Grade IV severity of hydronephrosis, with resolution.

[image: ]
Figure 11 A 10-mo-old female. A-C: Lateral and supine fluoroscopic images demonstrating a fistulous tract between the proximal esophagus and proximal trachea on lateral views (vertical blue arrow), with striking outline of the trachea and mainstem bronchi, compatible with tracheoesophageal fistula (red arrows).
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Figure 12 A 4-wk-old male. A-C: Intestinal malrotation, with duodenal structures appearing to the right of the midline. Follow-up study, performed several days later, with similar characteristic findings (red arrows).
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Figure 13 A 2-year-old male. A-E: Overnight emergent pediatric intussusception reduction from start to finish with multi-modality. Initial computed tomography shows suspected ileocolic intussusception (red arrows). Subsequent ultrasound of the right lower quadrant with confirmatory findings with telescoping bowel loops. Final two images showing fluoroscopically guided contrast enema, with visualization of telescoped bowel loops (blue arrow) and subsequent resolution.
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Figure 14 “Beyond computed tomography” in the determination of bowel extraluminal collections. A: The supine position is utilized in computed tomography, where the G-port of a GJ tube was injected with contrast, then seen localizing to the dependent fundus; B: Real-time fluoroscopic projections with patient in the near-lateral position, showing a fistulous communication with anterior abscess and duodenal sweep (vertical red arrow).
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Figure 15 A 34-yr-old female. A-C: Contained gastric leak in a patient status post both gastric sleeve and Roux-en-Y procedures, with steep oblique and delay imaging showing contrast entering a contained leak and quite easily seen on fluoroscopic examination. Finding was not identified on initial computed tomography examination.
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Figure 16 Status post previous gastric sleeve bypass surgery with conversion to Roux-en-Y bypass. A and B: Initial contrast computed tomography evaluation of patient (status post gastric bypass) presenting with abdominal pain. The computed tomography was read as negative; C and D: Subsequent discovery of gastro-gastric fistula observed with fluoroscopy. Right anterior oblique positioning was utilized. Findings were then positively correlated on upper endoscopic examination. 
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Figure 17 A 26-yr-old male. A and B: Axial and sagittal computed tomography (CT) images showing long-segment esophageal stenosis related to caustic ingestion (red arrows); C and D: With an initial upper endoscopy aborted, repeat upper endoscopy with the addition of fluoroscopic guidance allowed passage through a known stricture and eventual stent placement; E: Subsequent fluoroscopic upper gastrointestinal examination showing free contrast passage through the stented esophagus, with direct sagittal comparison to the initial CT in the sagittal plane.
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Figure 18 A 69-yr-old female. A: Initial fluoroscopic examination of a patient with dysphagia demonstrating disorganized swallow and penetration to the level of the vocal cords (red arrow); B: Follow-up fluoroscopic swallow examination (without neostigmine) demonstrating improvement in organized swallow with only mild flash penetration; C and D: Immediate follow-up examination with administration of neostigmine, showing no significant penetration at multiple consistencies, along with significant improvement in organized swallow (green arrows). Neurology consultation concurred with the diagnosis of myasthenia gravis, particularly based on the fluoroscopic series of examinations.
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[bookmark: _GoBack]Figure 19 A 64-yr-old male. A: Incidental discovery of a prominent soft tissue density at the inferior aspect of the epiglottis on fluoroscopic modified barium swallow examination (red arrow); B: Computed tomography neck, performed after incidental fluoroscopic discovery. Identification of an enlarged, irregular, and enhancing epiglottis concerning for primary mucosal malignancy (red arrow).
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