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ABSTRACT

latrogenic injury to the oesophagus is a serious complication which is increasingly seen in clinical practice secondary
to expansion and greater acceptability of surgical and endoscopic oesophageal procedures. Morbidity and mortality
following such injury is high. This is mostly due to an inflammatory response to gastric contents in the mediastinum,
and the negative intrathoracic pressures that may further draw out oesophageal contents into the mediastinum leading
to mediastinitis. Subsequently, pulmonary complications such as pneumonia or abscess may ensue leading to rapid
clinical deterioration. Optimized and timely cross-sectional imaging evaluation is necessary for early and aggressive
management of these complications. The goal of this review is to make the radiologist aware of the importance of early
and accurate identification of postoperative oesophageal injury using optimized CT imaging protocols and use of oral
contrast. Specifically, it is critical to differentiate benign post-operative findings, such as herniated viscus or redun-
dant anastomosis, from clinically significant postoperative complications as this helps guide appropriate management.

Advantages and drawbacks of other diagnostic methods, such as contrast oesophagogram, are also discussed.

INTRODUCTION AND EXTENT OF PROBLEM
A multitude of surgical and endoscopic oesophageal proce-
dures are performed in current clinical practice and the
indications are ever increasing (Table 1), with iatrogenic
oesophageal injury becoming one of the most common
causes of injury to the oesophagus.

It is estimated that 7.2 to 14% of patients develop post-sur-
gical anastomotic leaks."” Leak-related mortality after
thoracic anastomotic dehiscence has been reported to be
as high as 35%."° The wide range in reported incidence
as well as the morbidity and mortality depends on a few
factors. This includes coexistent patient comorbidities,
location of the anastomosis (lower mortality is associated
with a cervical anastomosis as compared to an intrathoracic
anastomosis) as well as in part due to varying clinical and
radiological definitions of leaks used by different groups.*

The true incidence of anastomotic leaks also depends on the
sensitivity of the test used to assess it. A chest CT performed

without oral contrast has a much lower sensitivity for detec-
tion of leaks compared to a contrast oesophagogram and
chest CT obtained with oral contrast (Figure 1).

The management of patients with post-operative oesoph-
ageal leaks depends on several patient-related factors such
as age, clinical picture, comorbidities and time since injury.
However, as expected, further clinical decision-making
regarding surgical or endoscopic management requires
accurate information regarding the site and size of the
perforation. Here, imaging plays a crucial role in identi-
fying an anastomotic leak, detecting drainable collections
and delineating the extent of mediastinal, pleural or perito-
neal contamination. Asymptomatic patients with an occult
leak can be managed conservatively, while patients with
large fulminant leaks and extensive mediastinal and pleural
contamination can rapidly progress to sepsis and multi-
organ failure, including organ necrosis, and hence require
prompt surgical and endoscopic management with stent
placement.”
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Table 1. Expanding spectrum of oesophageal surgery and endoscopic procedures

Endoscopic procedures

Surgical procedures

Endoscopic dilation and stenting

Oesophagectomy

Endoscopic ultrasound and biopsy of peri-oesophageal masses

Treatment of hiatal hernia—Nissen fundoplication

Endoscopic removal of foreign bodies

Resection of benign oesophageal masses

Peroral endoscopic Myotomy (POEM) for treatment of achalasia

Oesophageal myotomy for treatment of achalasia

Endoscopic radiofrequency ablation for cardiac diseases

Surgical Procedures close to the oesophagus (discectomy, aortic stent-graft placement)

Imaging modalities

A contrast oesophagogram or upper gastrointestinal series remains
the initial imaging modality for diagnosing anastomotic leaks,
often performed on a routine basis prior to commencement of
enteral feeding. Besides evaluating for leaks, it can also confirm
absence of post-surgical downstream obstruction or spasm prior
to initiating oral feeds. In most cases, approximately 20-100 ml of
undiluted non-ionic water soluble contrast such as iohexol (Omni-
paque 240 mg iodine ml™, GE Healthcare, Princeton, NJ, USA) is
administered with the patient in a standing position. Subsequently,
images are acquired using a frame rate of 2-3 fps. Overall, the study
is inexpensive and involves smaller radiation dose to the patient. In
select patients with higher risk of aspiration, thin dilute barium can
be given as it less toxic to the lungs. Due to its increased density,
it provides improved visualization of the contrast column in
larger patients and is helpful to exclude post-operative oedema or
dysmotility. Therefore, some have proposed the use of high-density
barium as a second-line investigation when no leak is detected by
contrast swallow performed with water soluble contrast, and this
increased the sensitivity of the swallow by 60% in a prospective
study.® However, it has been shown that overall barium oesophago-
gram is an ineffective screening modality in symptomatic patients
due to its low sensitivity, as it misses anastomotic leak in 40-50%
of the cases.”

Compared to the oesophagogram, there are fewer practical
obstacles to transferring a clinically unstable patient to a CT
scanner than to a fluoroscopy suite. CT with oral contrast has

Figure 1. Post-oesophagectomy with fever. Chest CT done on
POD 17 (a) Axial non-contrast CT chest reveals tiny pock-
ets of gas (arrow) close to proximal anastomosis which was
initially attributed to normal postoperative appearance. (b)
Right-sided multiloculated pleural effusion was suspicious for
empyema vs chylous leak. (¢) Subsequent UGI study on POD
18 identified presence of an anastomotic leak, and hence, the
effusion was likely an empyema secondary to underlying leak
(arrow). Teaching point: chest CT without oral contrast is inad-
equate for evaluation of anastomotic leak. UGI, upper gastro-
intestinal. POD, post-operative day.

a higher sensitivity for delineating small leaks. In a study by
Upponi et al®, 67% of the patients found CT more tolerable
compared to fluoroscopy. Importantly the sensitivity, specificity,
positive- and negative-predictive values were 100, 80, 40 and
100%, respectively, for CT and 67, 100, 100 and 96%, respec-
tively, for fluoroscopy.® In a febrile symptomatic patient, a chest
CT with oral contrast is the preferred imaging modality as it can
detect and characterize peri-anastomotic collections and assess
pulmonary complications such as pneumonia and abscess which
need to be tackled promptly (Figure 2). Furthermore, CT helps
in planning image-guided drainage of collections, stent place-
ment or surgical debridement.>® This is of a particular benefit
in clinically unstable patients, where delay in treatment signifi-
cantly increases the risk of death. It is worth noting that while
oral contrast is extremely helpful in delineating a leak, the risk
of aspiration exists and may further precipitate clinical deteri-
oration due to development of pulmonary complications, such
as pulmonary edema or pneumonitis in critically sick patients.”
Hence, the route of oral contrast administration (oral or via
feeding tube) and the volume of oral contrast is selected after
close consultation with the surgical team, and the amount is judi-
ciously tailoured to whatever is tolerated by the patient.

Institutional imaging protocol for evaluation of
post-operative esophageal leaks

At our institution at Brigham and Women's hospital, patients with
concern for oesophageal injury or anastomotic leak undergo a dual

Figure 2. Status postrepair of paracesophageal hernia, con-
cern for leak. (a) Frontal radiograph from an UGI series with
water soluble oral contrast demonstrates smooth passage of
contrast into the stomach with no extraluminal contrast leak
into the mediastinum or pleural space. Axial images of chest
CT with oral contrast (b, ¢) repeated due to continued con-
cern for leak showed extravasation of oral contrast into the
hernia sac (arrows). Note the presence of large volume air and
fluid in the hernia sac. Teaching point. This case emphasizes
the importance of proceeding with CT in patients with initial
negative UGI study, especially when there is continued con-
cern for leak. UGI, upper gastrointestinal.
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Figure 3. Specifics of dual phase extended field of view CT
oesophageal leak protocol for evaluation of patients with sus-
pected oesophageal injury.

Scan 1. without oral or IV contrast — lower kvp, ma
Goal: Detect suture material, hardware (tubes), residual oral contrast from
| prior examinations which may mimic contrast extravasation

Scan 2. With oral &/or IV contrast — standard kvp, ma
Goal: Detect contrast pooling in mediastinum, pleura, peritoneum

Choice of oral contrast:

« Non-ionic water soluble contrast

* Dilute Barium Sulphate

*  Avoid ionic water soluble in patients at high risk of aspiration

For both scans — Use “extended coverage” including lower neck, chest, upper
abdomen.

Goal: One-stop shop imaging to include proximal and distal anastomosis and
associated peri-anastomotic collections.

phase extended coverage chest CT with and without oral contrast
(CT oesophageal leak protocol. Figures 3 and 4).'° The initial
non-contrast study is performed at a lower radiation dose without
administration of oral or intravenous contrast, and the purpose is
to detect suture material, hardware, extravasated oral contrast from

Figure 4. Nuts and bolts of CT oesophageal leak protocol
highlighted using an example. (a) Coronal non-contrast CT
image (without oral or intravenous contrast) demonstrates
metallic suture material and a T-tube (arrows). (b) Persistent
thick-walled basilar loculated hydropneumothorax (arrow)
raises the possibility of a leak. (c, d) Coronal and axial images
from second phase of the study following administration of
oral and intravenous contrast demonstrate extravasation of
contrast into the thick-walled collection (double arrows) con-
firming the leak (oesophagus—single arrows). Teaching point:
since true leaks can be small and subtle, the presence of
hardware, suture and residual oral contrast from prior imag-
ing studies can confound and mimic a leak on a single phase
study.

Figure 5. Suspected injury of the upper thoracic oesopha-
gus following traumatic intubation. Patient intubated and
unable to swallow contrast. (a, b) Axial and sagittal chest
images from a chest CT done without oral or iv. contrast in
lung windows shows sentinel pneumomediastinum (arrows)
and left pneumothorax. Since this could emanate from either
a tracheal or oesophageal injury, endoscopy was done and
confirmed injury to the upper thoracic oesophagus. Teaching
point: this case highlights the value of doing a non-contrast
CT for detection of subtle pneumomediastinum, confirming
suspicion of oesophageal injury. Often the patients’ clinical
condition may preclude transfer to the fluoroscopic suite and
administration of oral contrast.

prior studies (these entities may be hard to distinguish from a new
leak and can confound the diagnosis if only a single phase scan is
done). Baseline non-contrast study may also help delineate sentinel
pneumomediastinum, a finding which may be obscured following
administration of a large bolus of dense oral contrast (Figure 5).
Following the baseline scan, the second phase is repeated using
standard radiation dose through the same coverage area using
dilute non-ionic water-soluble oral contrast such as iohexol (Omni-
paque 240 mg iodine ml™!, GE Healthcare, Princeton, NJ, USA).
A 50 ml vial is diluted with approximately 500 ml of water and
the contrast is given just before the CT examination. In addition,
if there is concern for infectious complications such as abscess
formation, 50 cc of non-ionic iodinated intravenous contrast such
as iohexol (Omnipaque 350 mg iodine ml™, GE Healthcare, Princ-
eton, NJ, USA) is administered at 3 ml s~' and images are acquired
after a 30 s delay. Oral contrast helps to troubleshoot and charac-
terize postoperative peri-anastomotic collections as identification
of oral contrast extravasation helps make the diagnosis of an anas-
tomotic leak and distinguishes this from other peri-anastomotic
collections such as an abscess, haematoma, seroma or a chylous
collection which do not fill-in with oral contrast (Figures 6 and 7).

Our institutional CT protocol also uses extended coverage to
include the neck from the level of the hyoid bone, the entire
chest and the upper abdomen. This allows comprehensive one
stop-shop imaging evaluation for patients with oesophagectomy,
covering any proximal cervical, mediastinal and distal intra-
abdominal anastomosis and any associated collections.

CT can accurately characterize the size of leak, the extent of medi-
astinal and pleural contamination and provide a roadmap for the
surgeon. Based on our institutional experience of oesophageal
leaks, the size of leaks may be graded as follows: Grade 1: blind
ending tract; Grade 2: contained localized mediastinal collection
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Figure 6. Nissen fundoplication surgery, fever and peri-anas-
tomotic collection. (a) Axial contrast-enhanced CT image
through the upper abdomen shows thick-walled perianasto-
motic collection (arrows) with fluid and air pockets; suspicious
for abscess or infected haematoma vs an underlying leak. (b)
Study repeated with oral contrast (arrow) reveals no extrava-
sation, ruling out an oesophageal leak and confirming abscess
complicating underlying wrap ischaemia. The patient defer-
vesced with antibiotics and percutaneous drainage. Teaching
point: oral contrast helps troubleshoot and characterize the
aetiology of peri-anastomotic collections.

with air/fluid/contrast; Grade 3: Non-contained collection with
air/fluid contrast in mediastinum; and Grade 4: free contrast
extravasation and spillage into the pleural space.

Pitfalls and oesophageal leak mimics

False-positives (pseudoleaks) and false-negatives: a critical point
to remember while imaging patients with recent oesophageal
surgery is that not all peri-anastomotic collections which fill-in
with oral contrast represent oesophageal perforations or leaks.
For instance, oral contrast may enter a herniated viscus or redun-
dant bowel adjacent to the anastomosis and can mimic a leak
(Figures 8 and 9). Here, the relationship of the “collection” to
adjacent bowel and diaphragm, the presence of a bowel signature

Figure 7. Post-oesophagectomy, fever and peri-anastomotic
collection.(a, b) Axial CT shows thick-walled air and fluid col-
lection adjacent to proximal anastomosis (arrows), extending
posterior to the conduit into the right upper lobe. (c) Contrast
oesophagogram confirms the presence of a leak extending
into the upper lobe (upper arrow) and pleural space (lower
arrow). (d, e) Covered oesophageal stent was used to treat
leak and subsequent CT shows decreasing size of the collec-
tion. Teaching point: mediastinal air/fluid collection may be
due to abscess, infected haematoma or ongoing leak. CT with
oral contrast or contrast oesophagogram is required to iden-
tify underlying anastomotic leak to guide management.

Madan et a/

Figure 8. New gas collection following diverticulectomy and
fundoplication for epiphrenic diverticulum. (a, b) Pre-opera-
tive frontal chest radiograph and chest CT show large narrow
necked diverticulum (arrows). (c) Post-operative chest radio-
graph shows large air-filled collection which does not decom-
press following NG tube placement raising concern for leak.
(d) The collection communicates with the oesophagus filling
with oral contrast (arrow). (e, f) Sagittal and coronal chest CT
images reveal air-filled structure to be supradiaphragmatic,
with mucosal folds. Findings are consistent with herniation
and incarceration of the gastric fundus above the wrap mim-
icking a leak. This was confirmed on endoscopy. Teaching
point: peri-anastomotic collections which fill with oral con-
trast may sometimes represent a herniating viscus rather than
a true leak; hence, knowledge of post operative anatomy is
key. Percutaneous drainage of perianastomotic collections
should not be recommended unless these are accurately char-
acterized as true leaks and a herniating viscous is excluded.

N

on imaging and identification of a mucosal pattern on endos-
copy can help differentiate this from a leak. The importance of
making a clear distinction between true leaks and pseudoleaks
due to herniating viscous or redundant anastomosis cannot be
overemphasized since inadvertent placement of a percutaneous
drain or tube into a hollow viscus may cause much harm to
the patient. False negative interpretations can be minimized by
means of using optimized CT protocols, including use of dual
phase studies and oral contrast for CT examinations (Figure 1).
Figure 10 summarizes the value of different components of the
dual phase extended coverage chest CT protocol, and a deci-
sion tree which can help the radiologist troubleshoot cases with
suspected postoperative oesophageal injury.

Close communication and teamwork between
radiologists and surgical team

Accurate assessment of post-operative oesophageal injuries
requires detailed knowledge of the operative details and post-
operative anatomy (i.e. surgical access, type of anastomosis and
time since surgery). This requires close communication with
the surgeon including face-to-face discussion to understand the
post-operative anatomy, to ascertain the clinical question to be
answered and use this information to tailor imaging protocols.
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Figure 9. Post-resection and myomectomy for large bilobed oesophageal leiomyoma. (a, b) Axial and coronal CT images done
with oral contrast following surgery show an air-filled mediastinal collection communicating with the oesophagus and filling in
with oral contrast (arrows). Since this patient was febrile, this was initially thought to represent a leak at the site of myomectomy.
(c) Review of pre-operative CT revealed a large bilobed oesophageal mass distending the oesophagus. The outpouching was
correctly interpreted to be redundant oesophagus. Teaching point: differentiating outpouching due to redundant bowel from
true leak can be difficult since both fill with oral contrast. Knowledge of the surgical details and pre-operative imaging can help

in making the correct diagnosis.

In patients with oesophagectomy, the site of leak and nature of
complications have direct correlation with the surgical access
chosen by the surgeon (transthoracic, transhiatal or minimally
invasive laparoscopic approach).

CONCLUSIONS

In asymptomatic patients with recent oesophageal surgery and
cervical/intrathoracic anastomosis, contrast oesophagogram is
obtained on a routine basis prior to initiating oral feeds. CT chest
with oral contrast is not advocated on a systematic basis, and is
instead reserved for patients with symptoms and probability of
underlying leak/complication.

Optimization of CT protocol is necessary for comprehensive one
stop-shop imaging evaluation of oesophageal injury and leaks.
This involves having extended coverage including lower neck,
chest and upper abdomen as well as scanning the patient pre-
and post-oral contrast administration. Imaging pitfalls-related to
presence of hardware, suture material or oral contrast from prior
examinations can be avoided by their detection on the initial
non-contrast phase.

The differential diagnosis of peri-anastomotic and medias-
tinal/pleural collections in these post-operative patients is
broad and further characterization is necessary before these
can be appropriately managed. Non-filling collections usually

Figure 10. Decision tree to characterize and manage peri-anastomotic collections in patients following oesophageal surgery.

Scan 1: CT chest without contrast

Aim: Detect suture material, hardware, tubes, extravasated oral
contrast from prior studies, sentinel pneumomediastinum

v

Scan 2: CT chest with oral +/- IV contrast
Aim: Troubleshoot peri-anastomotic and pleural fluid collections

Chylous
collection

Infected

Abscess hematoma

Seroma

A

Percutaneous drainage/conservative
management

True leak

Redundant
bowel

Herniated
viscus
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represent abscesses, seromas, chylous collections and haema-
tomas and can be drained percutaneously or conservatively
managed.

Peri-anastomotic and mediastinal/pleural collections which fill
with oral contrast usually represent leaks, and may require endo-
scopic stent placement or re-operation. Occasionally “collec-
tions” may represent herniating or redundant viscous. Close
attention must be paid to surgical details to recognize this entity

Madan et a/

and avoid harm to the patient by erroneously placing percuta-
neous drains in these “collections”

Thorough communication between radiologist and physician
team is essential for appropriate management of patients with
oesophageal anastomotic leaks.
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