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1Emergency in Head and Neck Cancer 
Patients

A. Piccinini, M. Reale, G. P. Santoro, and E. Pasanisi

An oncological emergency can be defined as an acute condition requiring rapid 
intervention to avoid severe permanent damage or death. The neck is a complex 
anatomic region that contains many vital structures in a relatively small area. The 
acute event may be due to the tumor itself or may be secondary to complications 
arising from treatment effects.

Emergent conditions resulting from head and neck neoplasms and their treat-
ment include acute airway obstruction and bilateral vocal cord paralysis, hemor-
rhage, septic complication, and thrombophlebitis. These conditions require accurate 
diagnosis and rapid intervention to avoid severe permanent damage or death. 
Successful treatment requires a coordinated response by emergency medicine phy-
sicians, otolaryngologists, vascular surgeons, and radiologists.

In this chapter, we discuss the most frequent emergencies resulting from head 
and neck tumors and their management.

1.1  Airway Obstruction

Acute airway obstruction refers to a blockage at the level of the upper airway or 
main stem bronchi.

It may result from intraluminal growth (Fig. 1.1) or extrinsic compression of the 
airway by head and neck tumors (Fig. 1.2).
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Fig. 1.1 Tumor mass 
obstructing the glottic 
plane

a b

Fig. 1.2 (a, b) Laterocervical mass on CT scan, axial and coronal planes

Neoplasms of the neck and upper aerodigestive tract generally enlarge slowly, 
coming to clinical attention before the onset of respiratory distress [1].

Most obstructing tumors are hypopharyngeal or transglottic squamous cell carci-
nomas, but obstructing masses may also arise from the nasopharynx, thyroid, tra-
chea, or esophagus. Nerve sheath tumors may result in airway obstruction, typically 
when large and/or multiple as in neurofibromatosis type I or II.

Dyspnea is frequently the only early symptom of airway obstruction, while stri-
dor should be considered a very unfavorable sign (airway diameter decreased to 
<5 mm) [2].

Also, the chemotherapy and radiotherapy treatment can modify the respiratory 
space. These patients could have post-actinic edema that reduces the caliber of the 
upper airway.

A. Piccinini et al.
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Patients who have undergone surgical or radiochemotherapy treatment could 
have a tracheotomy (Fig. 1.3) or tracheal stoma (Fig. 1.4), and an obstruction of the 
tracheal tube or trachea could be present and leads to respiratory distress; in other 
cases, the tracheal tube could be dislocated.

Moreover, bilateral vocal cord paralysis is a cause of upper airway obstruction 
that may be seen in a variety of clinical settings, including malignancy of the thy-
roid, trachea, or esophagus, but also involves iatrogenic causes [1].

Fig. 1.3 Patient with 
tracheal tube

Fig. 1.4 Tracheal stoma in 
laryngectomy patient

1 Emergency in Head and Neck Cancer Patients
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A unilateral vocal cord paralysis is often tolerated without difficulty, while the 
loss of the second cord leads to respiratory distress. In some cases, bilateral vocal 
cord paralysis causes only minimal symptoms until a respiratory infection compro-
mises the residual airway and acute dyspnea and stridor develops.

For all these reasons, airway management in head and neck cancer patients is 
generally more difficult than in other patients [2–6].

1.1.1  Intubation Management

Considering patients without tracheal tube or laryngeal stoma, airway control is 
obtained by either endotracheal intubation or placement of surgical airway. The fol-
lowing options may be applied: orotracheal or nasotracheal intubation in a con-
scious patient by using various devices (laryngoscope, bougie, fiberscope, video 
laryngoscope, bronchoscope), anterograde or retrograde intubation, inhalational 
agent and rapid sequence induction, and cricothyroidotomy—elective tracheotomy 
with local anesthesia of a conscious patient in spontaneous respiration [7].

Endotracheal intubation in difficult airways should be performed in a surgery 
room at the presence of an ENT surgeon, and in Fig. 1.5, the difficult airway algo-
rithm is reported [8].

The intubation with optical fiberscope in a conscious patient is the elective tech-
nique for the cases of difficult airways [9, 10], which can be performed both via the 
nose and via the mouth; in this case, the cooperation of the patient is the key to the 
success of the maneuver. The administration of medication with analgesic-sedative 
effects leads to the increase of comfort and tolerance of the patient, and it is advised 
to avoid medication that induces apnea until securing the airways [11]. The manda-
tory condition for the patient is to maintain spontaneous ventilation during the entire 
maneuver, and the oxygenation of the patient must be improved before and during 
the maneuver. Except in cases of near-total obstruction of the airway, it is possible 
to intubate all cases with a 7 mm ETT [12]. Published reports regarding emergency 
use of this technique have attributed failures to bleeding, secretions, inadequate 
topicalization of airway, lack of patient cooperation, or operator inexperience 
[13, 14].

1.1.2  Surgical Management

In case of acute obstruction, surgical procedure could be performed as a cricothy-
rotomy or as a tracheotomy depending on the patient’s conditions.

The cricothyrotomy (CT) is necessary in emergency condition for patients who 
cannot be intubated or ventilated; every emergency physician should know how to 
perform it.

A. Piccinini et al.
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1.  Assess the likelihood and clinical impact of basic management problems:
A.  Difficult Ventilation
B.  Difficult Intubation
C.  Difficulty with Patient Cooperation or Consent
D.  Difficult Tracheostomy

DIFFICULT AIRWAY ALGORITHM

2.  Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management

3.  Consider the relative merits and feasibility of basic management choices:

A. Awake Intubation VS.

VS.

VS.

Intubation Attempts After Induction of
General Anesthesia

B.

C.

Non-Invasive Technique for
Initial Approach to Intubation

Invasive Technique for Initial
Approach to Intubation

Preservation of Spontaneous Ventilation Ablation of Spontaneous Ventilation

4.  Develop primary and alternative strategies:

A.
AWAKE INTUBATION

B. INTUBATION ATTEMPTS AFTER
INDUCTION OF GENERAL ANESTHESIA

Airway Approached by
Non-Invasive Intubation

Invasive
Airway Access(b)*

Initial Intubation
Attempts Successful*

Initial Intubation
Attempts UNSUCCESSFUL

Succeed* FAIL
FROM THIS POINT

ONWARDS CONSIDER:

1.   Calling for Help
2.   Returning to Spontaneous
      Ventilation
3.   Awakening the Patient

Cancel
Case

Consider Feasibility
of Other Options(a)

Invasive
Airway Access(b)*

FACE MASK VENTILATION ADEQUATE FACE MASK VENTILATION NOT ADEQUATE

CONSIDER / ATTEMPT LMA

NON-EMERGENCY PATHWAY
Ventilation Adequate, Intubation Unsuccessful

LMA ADEQUATE* LMA NOT ADEQUATE
OR NOT FEASIBLE

EMERGENCY PATHWAY
Ventilation Not Adequate,
Intubation Unsuccessful

Alternative Approaches
to Intubation(c)

IF BOTH
FACE MASK

AND LMA
VENTILATION

BECOME
INADEQUATE

Call for Help

Emergency Non-Invasive Airway Ventilation(e)

Successful
Intubation*

FAIL After
Multiple Attempts Successful Ventilation* FAIL

Invasive
Airway Access(b)*

Consider Feasibility
of Other Options(a)

Awaken
Patient(d)

Emergency
Invasive Airway

Access(b)*

* Confirm ventilation, tracheal intubation, or LMA placement with exhaled CO2

Alternative non-invasive approaches to difficult intubation include
(but are not limited to): use of different laryngoscope blades, LMA
as an intubation conduit (with or without fiberoptic guidance).
fiberoptic intubation, intubating stylet or tube changer, light wand,
retrograde intubation, and blind oral or nasal intubation.
Consider re-preparation of the patient for awake intubation or
canceling surgery.Invasive airway access includes surgical or percutaneous

tracheostomy or cricothyrotomy. Options for emergency non-invasive airway ventilation include (but
are not limited to): rigid bronchoscope, esophageal-tracheal combitube
ventilation, or transtracheal jet ventilation.

AMERICAN SOCIETY
OF ANESTHESIOLOGISTS

a. c.

d.

e.
b.

Other options include (but are not limited to): surgery utilizing face
mask or LMA anesthesia, local anesthesia infiltration or regional
nerve blockade. Pursuit of these options usually implies that mask
ventilation will not be problematic. Therefore, these options may be
of limited value if this step in the algorithm has been reache via
the Emergency Pathway.

Fig. 1.5 Difficult airway algorithm. [From JM Christie, M Dethlefsen, RD Cane. Unplanned 
endotracheal extubation in the intensive care unit. J Clin Anesth, 8 (1996), pp. 289–293]

1 Emergency in Head and Neck Cancer Patients
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The steps of the standard technique of cricothyrotomy are described below [15]
 1. Immobilize the larynx, and identify the cricothyroid membrane by palpation 

with the index finger of your nondominant hand. This is achieved by identifying 
the inferior border of the thyroid cartilage and the superior border of the cricoid 
cartilage in the midline of the neck.

 2. While continuing to hold the larynx stable, create a vertical incision in the skin 
overlying the CTM in the midline of the neck, extending the incision approxi-
mately 3–5 cm in length.

 3. After creating your vertical skin incision, palpate the CTM and create a hori-
zontal incision through the membrane. Be sure to direct your scalpel caudally 
to avoid the vocal cords and create the incision carefully, avoiding the posterior 
wall of the trachea.

 4. Keep the tip of your index finger in the incision through the CTM while you 
insert a tracheal hook into the hole, under the thyroid cartilage. Exert upward 
traction on the thyroid cartilage.

 5. Insert a Trousseau dilator to extend the horizontal incision vertically.
 6. Insert the tracheostomy tube through the Trousseau dilator and advance it cau-

dally into the trachea.
 7. Remove the Trousseau dilator and tracheal hook.
 8. Remove the obturator of the tracheostomy tube.
 9. Insert the inner cannula of the tracheostomy tube.
 10. Inflate the balloon.
 11. Attach the tube to a BVM or ventilator.

Once the airway is secured through CT, this should be converted in a tracheot-
omy either immediately or in quick succession because CT may result in a subglot-
tic stenosis needing surgical repair. Nowadays, actually, a set to perform tracheotomy 
in an emergency setting is available in most ENT departments; this is called 
TracheoQuick, and it is provided by Rusch (Fig. 1.6).

The tracheotomy (TT) could be done with the patient intubated: it is a favorable 
condition for a well-placed, uncomplicated tracheotomy. Sometimes, if intubation 
is not possible but the oxygenation of patients is acceptable, it is performed with the 
patient awake in local anesthesia.

Furthermore, some expert ENT surgeons prefer to perform a tracheotomy also in 
emergency condition instead of a cricothyrotomy: in this case, they perform a verti-
cal incision that allows to reach the plane of the trachea more rapidly.

The surgical steps of a classic TT, in the experience of the authors, are the 
following
 1. Horizontal skin incision 2 cm above the superior border of sternum and elevation 

of subcutaneous flap (Fig. 1.7).
 2. Recognition and incision of linea alba cervicalis.
 3. Divarication of strap muscles and individuation of thyroid isthmus (Fig. 1.8).

A. Piccinini et al.
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Fig. 1.6 TracheoQuick, 
emergency coniotomy set, 
Rusch®

Fig. 1.7 Skin incision

1 Emergency in Head and Neck Cancer Patients
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Fig. 1.8 Divarication of 
strap muscle

 4. Separation and ligation of thyroid isthmus for a trans-isthmic tracheotomy 
(Fig. 1.9): The tracheotomy could be done also supra-isthmic or sub-isthmic; 
actually, the trans-isthmic technique is safer for accidental bleeding and facili-
tates the access to trachea during the change of the tracheostomy tube.

 5. Recognition of the trachea, and horizontal incision between second and third 
tracheal rings or third and fourth tracheal rings: The inferior ring could be 
anchored to the skin in order to prevent some difficulties during the management 
of tracheostomy tube in the postoperative period (Fig. 1.10).

 6. Positioning of the cuffed tracheostomy tube (Fig. 1.11).
 7. Suture of the skin if the incision is large.

Every emergency physician should know the difference between tracheotomy 
and permanent tracheostomy (TS) in total laryngectomy patients.

In the first case, the normal connection between oropharynx, hypopharynx, lar-
ynx, and trachea is maintained (Fig. 1.3).

In case of total laryngectomy patients, the larynx is removed and an end tracheal 
stoma is performed; there is no connection between trachea and oropharynx, so in 
these patients, the risk of inhalation is not possible, and in case of emergency, they 
have to be intubated or ventilated through the stoma (Fig. 1.4).

A. Piccinini et al.
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Fig. 1.9 Separation and 
ligation of thyroid isthmus

Fig. 1.10 Trachea incision

In both cases, the tracheal tube or the trachea could be obstructed by mucus or 
other secretions and patients could experience a breath failure.

The tracheotomy tube has another inner tube which prevents the total occlusion, 
and it is sufficient to remove only the inner tube to restore breath function (Fig. 1.12).

Patients in which total laryngectomy has been performed could be affected by 
tracheitis with formation of circumferential crusts that can lead to an obstruction of 
the trachea. In these cases, the trachea should be released from the obstruction with 
the help of a suction catheter.

1 Emergency in Head and Neck Cancer Patients
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Fig. 1.11 Positioning of 
the tracheostomy tube

Fig. 1.12 Tracheotomy tube without and with cuff, Shiley™

In both cases, however, each maneuver must be preceded by a careful endoscopic 
reconnaissance of the trachea.

Another possible emergency is the dislocation of the tracheal tube: in this case, 
every effort should be made to replace the tube. If the original tracheostomy tube is 
too large for the tracheostomy stoma at the time of replacement, then the tract can 
be dilated with a nasal speculum or a smaller tube can be inserted.

The emergency management in tracheotomy and total laryngectomy patients 
with tracheostomy is highlighted in the following algorithms (Figs. 1.13 and 1.14).

A. Piccinini et al.
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Emergency laryngectomy management

Call for airway expert help
Look, listen & feel at the mouth and laryngectomy stoma

A Mapleson C system (e.g. ‘Waters circuit’) may help assessment if available
Use waveform capnography whenever available: exhaled carbon dioxide indicates a patent or partially patent airway

No Is the patient breathing? Yes

Call Resuscitation Team
CPR if no pulse / signs of life

Apply high flow oxygen to laryngectomy stoma
If any doubt whether patient has a

laryngectomy, apply oxygen to face also*

Assess laryngectomy stoma patency

Most laryngectomy stomas will NOT have a tube in situ

Remove stoma cover (if present)
Remove inner tube (if present)

Some inner tubes need re-inserting to connect to breathing circuits
Do not remove a tracheoesophageal puncture (TEP) prosthesis

Can you pass a suction catheter?

No

No

No

Yes

Yes

Yes

Deflate the cuff (if present)
Look, listen & feel at the laryngectomy stoma or tube
Use waveform capnography or Mapleson C if available

Is the patient stable or improving?

The laryngectomy stoma is patent
Perform tracheal suction
Consider partial obstruction
Ventilate via stoma if not breathing
Continue ABCDE assessment

Continue ABCDE assessment

REMOVE THE TUBE FROM THE LARYNGECTOMY STOMA if present
Look, listen & feel at the laryngectomy stoma. Ensure oxygen is re-applied to stoma

Use waveform capnography or Mapleson C if available

Call Resuscitation Team
CPR if no pulse / signs of life

Continue ABCDE
assessment

Secondary emergency oxygenation

Attempt intubation of laryngectomy stoma
Small tracheostomy tube / 6.0 cuffed ETT
Consider Aintree catheter and fibreoptic
scope/Bougie / Airway exchange catheter

Laryngectomy patients have an end stoma and cannot be oxygenated via the mouth or nose
*Applying oxygen to the face and stoma is the default emergency action for all patients with a tracheostomy

Primary emergency oxygenation

Paediatric face mask applied to stoma
LMA applied to stoma

Laryngectomy stoma ventilation via either

Is the patient breathing?

Fig. 1.13 Emergency tracheostomy management. (From [16], with permission)

1 Emergency in Head and Neck Cancer Patients
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Emergency tracheostomy management - Patent upper airway

Call for airway expert help
Look, listen & feel at the mouth and tracheostomy

A Mapleson C system (e.g. ‘Waters circuit’) may help assessment if available
Use waveform capnography when available: exhaled carbon dioxide indicates a patent or partially patent airway

No

No

No

No

Yes

Yes

Yes

Yes

Is the patient breathing?

Call Resuscitation Team
CPR if no pulse/signs of life

Assess tracheostomy patency

Remove speaking valve or cap (if present)
Remove inner tube

Some inner tubes need re-inserting to connect to breathing circuits

Apply high flow oxygen to BOTH
the face and the tracheostomy

Can you pass a suction catheter?

Deflate the cuff (if present)
Look, listen & feel at the mouth and tracheostomy
Use waveform capnography or Mapleson C if available

Is the patient stable or improving?

The tracheostomy tube is patent
Perform tracheal suction
Consider partial obstruction
Ventilate (via tracheostomy) if
not breathing
Continue ABCDE assessment

Tracheostomy tube partially
obstructed or displaced
Continue ABCDE assessment

REMOVE THE TRACHEOSTOMY TUBE
Look, listen & feel at the mouth and tracheostomy. Ensure oxygen re-applied to face and stoma

Use waveform capnography or Mapleson C if available

Call Resuscitation team
CPR if no pulse / signs of life

Is the patient breathing? Continue ABCDE
assessment

Primary emergency oxygenation

Standard ORAL airway manoeuvres
Cover the stoma (swabs / hand). Use:
     Bag-valve-mask
     Oral or nasal airway adjuncts
     Supraglottic airway device e.g. LMA

Tracheostomy STOMA ventilation
    Paediatric face mask applied to stoma
    LMA applied to stoma

Secondary emergency oxygenation

Attempt ORAL intubation
Prepare for difficult intubation
Uncut tube, advanced beyond stoma

Attempt intubation of STOMA
Small tracheostomy tube / 6.0 cuffed ETT
Consider Aintree catheter and fibreoptic
‘scope / Bougie / Airway exchange catheter

Fig. 1.14 Emergency laryngectomy management. (From [16], with permission)
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1.2  Bleeding Management

Bleeding is another possible emergency in patients with head and neck cancer or 
treated for it. Bleeding can occur from direct tumor involvement and/or as a side 
effect of therapy [17]. The possible scenarios are variable: epistaxis, massive 
hemoptysis, neck’s hematoma, and tracheoinnominate fistula.

Even in this emergency situation, the airways are at risk since in case of blood 
inhalation, occlusion of them can occur and/or they can collapse due to extrinsic 
compression. For these reasons, the management of airways is fundamental. If the 
patient has tracheostomy, it is important to insert a cuffed tracheostomy tube and 
maintain it cuffed; if the patient has no tracheostomy, all the previous considerations 
about the management of the airways are the same.

Furthermore, these patients often have coagulation problems, due to concomitant 
coagulopathies or liver diseases; these concomitant pathologies can empathize the 
bleeding. So, it is important to consider the necessity of a transfusion of red blood 
cells in the management of the bleeding and obviously take almost one intravenous 
line for hydration to prevent a hemorrhagic shock.

1.2.1  Epistaxis Management

The nose has a rich vascular supply, derived from both the external and internal 
carotid arteries, as reported in Fig. 1.15, and knowing the anatomy is important to 
predict the focus of bleeding and choose the best way to treat it.

Epistaxis can originate from vessels as a consequence of previous treatment and/
or for other pathologies of the patient or from the tumoral mass. The bleeding may 
originate from the anterior part of the septum, in correspondence to the Kiesselbach’s 
plexus, which is a network of submucosal vessels that are prone to bleeding; in this 

a Anterior
ethmoidal artery

Posterior
ethmoidal artery

Kiesselbach’s
plexus/

Little's area

Superior
labial
artery

Greater
palatine artery

Sphenopalatine
artery

Anterior
ethmoidal

artery

Superior
turbinate

Posterior
ethmoidal artery

Sphenopalatine
artery

Middle
turbinate

Greater 
alatine artery

Inferior
turbinate

b

Fig. 1.15 Vascular supply of the (a) nasal septum and (b) lateral nasal wall [18]
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case, the bleeding is of moderate entity. Or it may have origins posteriorly from 
larger caliber arteries; in this case, the epistaxis could be difficult to manage.

Severe and massive bleeding may be managed by different methods; anterior 
nasal packing [19] is the first attempt, followed by a posterior nasal packing [20]. If 
the packing is not sufficient, a surgical management of the bleeding in the operatory 
room is necessary, and only in selective cases can the embolization be used.

A wide variety of nasal packing techniques are available. In the author’s experi-
ence, the most common are Merocel™ packing and Rapid Rhino™ for anterior 
nasal packing and Epi-Max™ Epistaxis Catheter for posterior nasal packing 
(Figs. 1.16, 1.17 and 1.18). All these types of packing can be associated with the use 
of hemostatic gauze (Tabotamp®/Surgicel®).

Placement of these packs should be in a direction along the floor of the nasal 
cavity (parallel to the ground when the patient is sitting erect with the head in neu-
tral position) towards the nasopharynx, as opposed to the oblique direction of the 
nasal dorsum.

The differences between the packing are described below: Merocel is a com-
pressed, dehydrated sponge composed of hydroxylated polyvinyl acetate; after 
insertion, it requires rehydration with normal saline to achieve its optimal size 
within the nasal cavity and compress the bleeding vessels [21]. The Rapid Rhino™ 
pneumatic nasal tampon (Applied Therapeutics Ltd., Glenfield, UK) consists of an 
inflatable nasal cuff (balloon) with a hemostatic coating (Gel Knit™ fabric; Acordis 

Fig. 1.16 Merocel™
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Fig. 1.17 Rapid Rhino™

Fig. 1.18 Epi-Max™ 
Epistaxis Catheter

Speciality Fibres, Coventry, UK), a valve, and a pilot cuff [22]. Epi-Max™ Epistaxis 
Catheter is a catheter with two inflatable balloons; the proximal one has to be 
inflated with saline solution until maximum 30 cc, whereas the distal one has to be 
inflated with saline solution until maximum 10 cc. The posterior balloon occludes 
the choana and stops every posterior bleeding, the posterior wall of the oropharynx 
has to be clean after the positioning of the posterior nasal packing, and this is a sign 
of a well-managed bleeding.

This packaging is left in place for 48–72 h to allow the healing of the bleeding 
mucosa, and after this time, it has to be removed. During the removal, there is the 
risk of a new bleeding, so it is necessary to remove the packaging in a place where 
all necessaries to manage a new bleeding are present.

The second choice in management of bleeding is the surgical procedure. 
Nowadays, the procedure is totally endoscopic assisted: cauterization can be done 
in the operating room thoroughly and with greater precision, but also ligation of 
sphenopalatine artery or other major caliber vessels can be performed through the 
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endoscopic approach. All these procedures must be performed by an experienced 
ENT surgeon.

In some selected cases, endovascular embolization has been considered an alter-
native treatment of severe epistaxis that has failed to respond to conservative ther-
apy with packing or that was impossible to cauterize. There are several complications 
both intracranial and extracranial related to embolization of craniofacial vessels 
such as stroke and necrosis of nasal or palatopharyngeal soft tissues; thus, this pro-
cedure should be performed by experienced interventional radiologists.

1.2.2  Upper Aerodigestive Bleeding

Upper aerodigestive bleeding can lead to life-threatening airway obstruction, aspi-
ration, anemia, or hypovolemic shock.

Bleeding from the upper aerodigestive tract can occur after surgery or after 
radiotherapy for different causes. Radiotherapy can cause obliteration of the vasa 
vasorum, premature atherosclerosis, adventitial fibrosis, and fragmentation of tunica 
media elastic fibers leading to weakening of the arterial wall [23].

Massive hemoptysis in cancer patients may also be caused by nonmalignant con-
ditions, such as fungal infections, or may be related to thrombocytopenia or other 
coagulation disorders.

Usually, there is a sentinel bleed, and the entity of this bleeding can be self- 
limited, but immediate diagnostic workup followed by treatment should be obtained 
to prevent a catastrophic bleed.

When it is possible, direct pression and packing the focus of bleeding are the first 
things to do to stop it and then organize the next workup. Once the patient is stabi-
lized, CT angiography (CTA) can be an effective screening tool for locating the site 
of hemorrhage and can also assist in procedures performed by the intervention neu-
roradiologist [24]. Arterial embolization offers an effective, safe, and fast method 
for controlling bleeding from tumors [25]. The hemostatic effect is believed to last 
longer in selective embolization than in ligation because embolic materials reach all 
the way to the periphery [26, 27]. Even if rebleeding occurs, repeat embolization is 
relatively easy. In the literature, the recurrence rate of hemorrhage after emboliza-
tion in patients with malignant head and neck tumors is 0–33% [28–32]. Angiography 
alone is not without risks. It has an 8.5% incidence of complications. The incidence 
of neurologic complications is 2.6%, with an incidence of permanent deficit in 
0.33% of the cases. Embolization introduces the added risk of thrombus propaga-
tion, inadvertent detachment of embolization materials, and complications associ-
ated with the intentional carotid occlusion. Other complications include hematoma 
at the catheter insertion site, infection, atheroemboli, and transient hypertension or 
hypotension. Atheroemboli can cause renal failure, bowel infarction, pancreatitis, 
and ischemia of the lower extremities [33].

The alternative to radiological management is the surgical exploration with liga-
tion of involved vessels. The surgical procedure is difficult because of other associ-
ated problems such as recurrent tumor, postsurgical anatomical changes, fistulas, 

A. Piccinini et al.



17

infection, and radiation necrosis. In case of surgery in addiction to neurologic com-
plications, there are relatively high mortality rates and still high risk of bleeding due 
to collateral circulation [26]. During surgery, a cervical incision is performed and 
the focus of bleeding has to be found. When the origins of the bleeding cannot be 
recognized, the key to success is to ligate the external carotid artery in order to stop 
any possible vessel responsible for the bleeding.

1.2.3  Neck Bleeding Management

Acute neck soft tissue hemorrhage is a life-threatening emergency condition that 
may occur in the setting of neoplasia, particularly as delayed complication of pri-
mary or salvage therapy for extensive and/or recurrent squamous cell carcinoma of 
the head and neck.

Acute arterial hemorrhage is particularly dangerous when located in the upper 
aerodigestive tract. Airway obstruction, aspiration, and subsequent asphyxia may 
be lethal.

Radiotherapy is a potential causative agent for arterial erosions: Infiltrating 
tumor regression after radiotherapy may lead to a defect in arterial wall during or 
shortly after completion of the protocol. Bleeding may also result from the long-
term effects of radiotherapy. Radiation-induced vascular changes vary from athero-
sclerosis to necrotizing vasculitis [34].

Other unusual causes of nontraumatic hemorrhage include carotid artery rupture 
due to infection, and massive hemorrhage from highly vascular neoplasms or thy-
roid nodules [1].

“Carotid blowout” is defined as an episode of acute hemorrhage from a damaged 
carotid in a patient who has previously undergone surgical resection for squamous 
cell carcinoma.

In case of acute arterial hemorrhage, the primary focus is emergency stabiliza-
tion of the respiratory and cardiovascular system and cessation of bleeding by pack-
ing the pharynx, followed by surgical ligature or immediate arterial embolization, 
with the vessel occluded permanently if the patient tolerates a preceding balloon test 
occlusion.

Acute profuse hemorrhage that is not self-limited and not well controlled with 
surgical packing has a high morbidity and mortality rate, even with emergent endo-
vascular or surgical therapy. Patients presenting with acute hemorrhage from carotid 
blowout syndrome related to advanced head and neck cancer can be effectively 
treated with covered stent placement, which provides immediate hemostasis; how-
ever, potential delayed ischemic or infectious complications are common in the 
exposed or infected neck.

In case of minor bleeding attacks, the management depends on the size and 
growth of the hematoma itself. The conservative choice with gentle drainage and 
compression dressings is enough when the hematoma seems not to be progressive. 
The surgical way is necessary if the hematoma enlarges rapidly, because there is a 
potential risk of airway compression.
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Fig. 1.19 Ligation of 
internal jugular vein

If the bleeding is a venous bleeding, sometimes it is self-limited, but there could 
be an emergency in case of rupture of the internal jugular vein. The solution for the 
rupture of internal jugular vein is the ligation of it (Fig. 1.19).

In the cases of postoperative bleeding of the neck in which airway compression 
may occur, while waiting to have access to surgery room, it is necessary to open the 
surgical incision in order to drain the bleeding and avoid airway compression. 
Obviously, in all these cases of bleeding, the airway management and intravenous 
support are paramount.

1.3  Tracheoinnominate Fistula

Another possible complication for patients with head and neck cancer and with 
tracheostomy is the formation of a tracheoinnominate fistula (TIF). It is a rare com-
plication after tracheostomy placement ranging from 0.1 to 1% in incidence and 
usually occurring between postoperative days 7 and 14 [35]. TIF is caused by pro-
gressive erosion of the tracheal wall, finally communicating with the adjacent medi-
astinal arterial vessels, most commonly innominate artery, which is located between 
the trachea and the sternum in the superior mediastinum. Pressure from a constantly 
inflated balloon, especially at high pressures, or constant contact with the tip of the 
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cannula causes the problem [36]. Necrosis, chronic inflammation, granulation tis-
sue, and scarring are the hallmarks of the condition [37, 38]. The management is 
surgical with a sternotomy and vascular repair. Direct pressure against the anterior 
tracheal wall digitally with a finger or placing a cuffed tracheostomy tube can help 
to tamponade the bleeding, before the surgical procedure. Unluckily, the mortality 
rate is very high, even when surgical intervention is taken [39]. In literature, endo-
vascular embolization or placement of a stent graft of the innominate artery is 
described as an alternative way of management [35].

1.4  Infectious Emergencies

Head and neck cancer patients during or after the treatment are at risk of developing 
infections. Deep neck infections (DNIs) and abscesses of the neck are those which 
require intensive care admission in 6.1% of cases [40]. They may result in life- 
threatening complications, such as upper airway obstruction, descending mediasti-
nitis, jugular vein thrombosis, venous septic emboli, carotid artery rupture, adult 
respiratory distress syndrome, septic shock, and disseminated intravascular coagu-
lopathy [41–43].

The mortality rate of DNI varies between 1.6 and 2.6% [44].
Chemotherapy is recorded as a risk factor [40, 45, 46]. In literature, mucositis 

and neutropenia are supposed to be the most responsible mechanisms [47]. 
Moreover, radiotherapy induces a variety of side effects on normal tissues neighbor-
ing the neoplasm, and these effects may show clinically and radiologically evident 
abnormalities even months or years later leading to DNI [48].

Furthermore, all these patients have a lot of comorbidities, which increases the 
risk of a serious infection.

Actually, in some rare cases, a DNI or an abscess could be the initial presentation 
of primary head and neck cancer; the incidence is unclear and may be underesti-
mated [49, 50]. A cystic metastasis which becomes infected and presents as a neck 
abscess, or direct tumor which undergoes necrosis and causes DNI, could be treated 
as an infection, and the malignancy remains undetected [51–53]. For this reason, 
every patient who comes to the ENT attention for an abscess or DNI has to be inves-
tigated through a careful anamnesis in order to recognize the right origin of the 
disease.

In case of neck infection, the possible scenarios are a laterocervical mass which 
has all the characteristics of the abscesses like fluid consistence, erythema of the 
neck, and fever, but if it originates in the deep spaces, nothing could be appreciated 
in the neck and the possible signs of it are pharyngodynia, trismus, dysphagia, sial-
orrhea, and dyspnea.

A CT scan with contrast enhancement is necessary to evaluate the extension of 
the infection and to plan a correct management (Fig. 1.20).
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Fig. 1.20 Laterocervical 
abscess with extrinsic 
compression of the airway

In all these cases, after a careful evaluation and serum examination, it is manda-
tory to explore the airways through the fiberscope examination and assess their 
patency. In fact, the upper airways are at risk, as said above, because of extrinsic 
compression or secondary mucosal edema of pharynx and larynx.

The treatment of DNI and abscesses consists of, in addition to antibiotics ther-
apy, securing the airways and, in some cases, surgical drainage. When the patient is 
stable, the correct treatment is endovenous large-spectrum antibiotics, possibly con-
sulting an infectiologist, for 24–48 h with seriated serum examinations and clinical 
and radiological evaluations. In case of improvement, the surgical drainage might 
not be necessary, but if during these hours the clinical conditions worsen, surgical 
drainage and tracheotomy are necessary in order to avoid the complications men-
tioned above.

A possible vascular complication of DNI is septic thrombophlebitis of the inter-
nal jugular vein. This complication is particularly common in intravenous drug 
abusers, and the most common causative organisms are S. aureus and beta- hemolytic 
streptococci [1]. Septic thrombophlebitis is usually managed with hydration and 
antibiotics; in literature, the use of anticoagulation is controversial, but in the expe-
rience of the authors, they result helpful; surgical ligation and/or excision of the 
involved vessel is rarely necessary.
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2Adrenal Emergencies in the Acute Care 
Setting

Molly Oberdoerster, Patrick Shahan, and Dawn Elfenbein

2.1  Introduction

Adrenal emergencies occur in both the traumatic and nontraumatic settings. Adrenal 
gland hemorrhage may be a direct result of blunt or penetrating trauma, whereas 
nontraumatic hemorrhage may occur from spontaneous rupture of an adrenal gland 
tumor or in the setting of acute illness or coagulopathy. Additionally, patients with 
known tumor pathology such as a pheochromocytoma or Cushing’s syndrome are at 
risk for developing rare but life-threatening adrenal crises. The clinical manifesta-
tions and the degree of hemodynamic stability are key factors in determining the 
appropriate evaluation and intervention.

2.2  Adrenal Hemorrhage

Adrenal hemorrhage occurs in the traumatic and nontraumatic setting. Traumatic 
adrenal hemorrhage is usually discovered on computed tomography (CT) imaging 
during routine trauma workup and is very rarely an isolated finding. Traumatic adre-
nal hemorrhage is present in approximately 0.5% of blunt trauma cases and very 
rarely occurs in penetrating trauma. Recent studies have demonstrated that the pres-
ence of blunt adrenal gland injury is not a marker of severe injury or associated with 
increased mortality rate [1]. Blunt adrenal trauma is usually seen in high-impact 
mechanisms and is typically associated with other intra-abdominal injuries. Patient 
presentation may vary widely from hemodynamically stable to critically ill depend-
ing on other associated injuries.
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Nontraumatic adrenal hemorrhage may present in the setting of ruptured adrenal 
tumor, illness, and coagulopathies including antiphospholipid antibody syndrome. 
Tumors associated with spontaneous hemorrhage include pheochromocytoma, 
myelolipoma, metastasis, carcinoma, and adenoma. Patients may present in hemor-
rhagic shock associated with flank pain and fever. Typically, unilateral hemorrhage 
is seen in tumors and blunt trauma, whereas bilateral hemorrhage may be seen in the 
setting of acute illness and coagulopathies. The evaluation and management of adre-
nal hemorrhage are based on the clinical presentation and stability of the patient.

Adrenal hemorrhage often presents with nonspecific symptoms including 
abdominal, flank, or loin pain as well as nausea, vomiting, weakness, and lethargy, 
making the diagnosis challenging. In cases of severe hemorrhage, symptoms of 
adrenal insufficiency may be present. Adrenal hemorrhage on CT scan appears as a 
round-to-ovoid lesion [2]. In the setting of acute adrenal hemorrhage, peri-adrenal 
fat stranding and bleeding into the perinephric space may be present (Fig. 2.1a). 
Attenuation is dependent on the age of the hematoma with acute hematomas having 
high attenuation. Adrenal congestion (adrenal gland thickening, peri-adrenal fat 
stranding) on CT may indicate impending adrenal hemorrhage [3]. Laboratory eval-
uation ranges from patients with normal laboratory parameters to those with leuko-
cytosis and anemia as well as evidence of adrenal insufficiency including 
hyponatremia and hyperkalemia. Derangements in levels of cortisol, ACTH, and 
catecholamine levels may be present and aid in identifying the extent of gland 
destruction/involvement.

a b

Fig. 2.1 (a) CT images of bilateral adrenal myelolipomas; the left has fat stranding and active 
extravasation of contrast suggestive of acute hemorrhage. (b) Angiography of the same adrenal 
tumor showing two areas of active hemorrhage
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In a hemodynamically unstable patient with concerns for acute blood loss ane-
mia and expanding hemorrhage, it is advisable for admission to an intensive care 
unit for close hemodynamic monitoring, blood product resuscitation, serial labs, 
and arterial embolization by interventional radiology. Angioembolization with 
interventional radiology is first-line therapy [4] (Fig. 2.1b). However, if angioembo-
lization is not feasible or fails, proceeding to the operating room for an emergent 
adrenalectomy is the next best course of action.

For adrenal hemorrhage in the clinically stable patient (regardless of traumatic 
vs. nontraumatic etiology) identified on imaging, conservative management with 
admission for observation, IV fluid resuscitation, monitoring labs, and serial 
abdominal exams is advisable. Patients who have had a nontraumatic hemorrhage 
should ultimately be referred to an experienced adrenal surgeon for elective adre-
nalectomy, particularly in large tumors at risk for rebleeding (Fig. 2.2a, b).

In the setting of trauma, when emergent exploratory laparotomy is indicated for 
other reasons and an adrenal injury is incidentally discovered during surgical explo-
ration, the decision of whether to repair versus proceed with resection should be 
based on the clinical status of the patient, viability of the adrenal tissue, and pres-
ence of a contralateral gland [5].

a b

Fig. 2.2 (a) CT image of a giant left adrenal myelolipoma that had bled about 6 months prior to 
obtaining this CT. (b) Giant left adrenal myelolipoma surgical specimen
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2.3  Pheochromocytoma

Pheochromocytoma is a rare catecholamine-secreting tumor of the adrenal gland, 
and symptoms manifest due to excessive catecholamine release. Symptoms may 
occur at any age, although the sporadic form is most common in the fourth and fifth 
decades. However, hereditary pheochromocytoma may present in younger patients 
with persistently elevated blood pressure despite maximal medical therapy. This 
may be seen in the setting of associated genetic syndromes such as multiple endo-
crine neoplasia (MEN) type 2, neurofibromatosis type 1, tuberous sclerosis, and 
ataxia telangiectasia. The classic triad of symptoms associated with a pheochromo-
cytoma consists of episodic headache, sweating, and tachycardia, whereas sustained 
or paroxysmal hypertension is the most common sign of a pheochromocytoma. 
Patients with pheochromocytomas are at risk for developing a pheochromocytoma 
crisis or pheochromocytoma multisystem crisis. Crises typically present as a hyper-
tensive emergency and may be associated with multiorgan failure and cardiopulmo-
nary collapse. It is important to recognize that while the classic presentation is a 
hypertensive emergency, patients may also present with severe hypotension. Other 
manifestations include metabolic derangements, encephalopathy, and hyperther-
mia. Pheochromocytoma crisis may be triggered by acute stress (mechanical or 
psychological) or may be drug induced (glucocorticoids, dopamine receptor antago-
nist, opioids, norepinephrine reuptake inhibitors, neuromuscular blocking agents) 
[6]. Moreover, patients with a known pheochromocytoma are at risk for tumor rup-
ture resulting in potential life-threatening adrenal hemorrhage and subsequent tran-
sient hypocortisolism.

Pheochromocytoma crisis should be considered in patients who present in a 
hypertensive crisis with associated relatively vague complaints of abdominal pain, 
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headache, and tachycardia, and suspicion should be raised in those with laboratory 
values demonstrating end-organ damage. While 24-h urine metanephrine and 
plasma metanephrines are diagnostic for a pheochromocytoma and should be col-
lected in the emergent setting, treatment of a presumed pheochromocytoma crisis 
should not be delayed for diagnostic confirmation. Imaging evaluation with CT 
abdomen and pelvis may demonstrate a large heterogeneous mass on the adrenal 
gland, and the gland itself may have evidence of hemorrhagic changes (Fig. 2.3a). 
Pertinent relevant history including refractory blood pressure control despite opti-
mal medical management in conjunction with imaging findings concerning for an 
adrenal mass raises suspicion for a pheochromocytoma crisis. In the inpatient set-
ting, it is important to consider a pheochromocytoma multisystem crisis (hyperten-
sion, hypothermia, and encephalopathy) in critically ill patients with concomitant 
comorbidities, evidence of end-organ damage, and hypertension refractory to typi-
cal medical management [7].

Pheochromocytoma crisis may result in severe cardiovascular collapse, pulmo-
nary edema, and acute respiratory failure. Unfortunately, laboratory confirmation 
requires an extended period of time, and no rapid testing has yet to be established. 
In patients with a high index of suspicion for pheochromocytoma crisis, immediate 
and rapid treatment of blood pressure control should be initiated with a combination 
of alpha-blockade (phentolamine), calcium channel blockade (nicardipine), and 
direct vasodilators (nitroprusside). Beta-blockade may be initiated for residual/
refractory tachycardia only once adequate alpha-blockade has been achieved as 
unopposed alpha-adrenergic activity can lead to cardiovascular collapse.

Despite maximal medical intervention, patients may continue to clinically dete-
riorate. In hemodynamically unstable patients who continue to deteriorate clini-
cally, despite maximal medical treatment, consideration should be given to 
proceeding to the operating room for an emergent adrenalectomy [8] (Fig. 2.3b). 
Postoperatively, patients should be carefully monitored for transient hypocorti-
solism and subsequently treated with intravenous hydrocortisone as needed, and 
medical endocrinology consult is advised.

a b

Fig. 2.3 (a) CT scan showing right adrenal mass that was a pheochromocytoma. (b) Surgical 
specimen of the pheochromocytoma after it was removed
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constant infusion)
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seen in 30 minutes with gradual
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Direct Vasodilators
Nitroprusside
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Administration:
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Adverse Reactions:

 

2.4  Hypercortisolism

Prolonged tissue exposure to grossly elevated concentrations of glucocorticoids, 
either from an endogenous or an exogenous source, may result in hypercortisolism 
and in severe cases constitutes an acute emergency. Exogenous sources include oral 
steroid medications, whereas endogenous sources may be caused by ACTH- 
secreting pituitary adenoma (Cushing’s disease), benign adrenal lesions (adrenal 
adenoma, micronodular hyperplasia), malignant adrenal lesions (adrenocortical 
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carcinoma), or ectopic ACTH secretion tumors (small-cell carcinoma). Cushing’s 
disease is the most frequent cause of endogenous Cushing’s syndrome and is char-
acterized by secretion of cortisol secondary to an underlying pituitary adenoma. 
However, acute, severe clinical presentations of hypercortisolism are more typical 
of ectopic ACTH-secreting lesions (secretion of ACTH by a non-pituitary tumor) 
and account for approximately 20% of dependent Cushing’s syndrome. The rapid 
control of severe cortisol excess is crucial and lifesaving. Patients with ectopic 
ACTH-secreting lesions in acute, hypercortisolism crises present with hypokale-
mia, hypertension, hyperglycemia, and muscle weakness.

The definition of acute, severe hypercortisolism is fluid and should be considered 
in the context of laboratory abnormalities, presenting symptoms, past history, and 
clinical exam. Severe hypercortisolism may present in conjunction with the onset of 
other acute morbidities including sepsis, heart failure, gastrointestinal hemorrhage, 
thromboembolism, myopathy, opportunistic infections, or ketoacidosis. Laboratory 
abnormalities of hyperglycemia, hypokalemia, and metabolic alkalosis with con-
comitant hypertension should raise suspicion for hypercortisolism, particularly in 
patients with established diagnoses known to elevate circulating glucocorticoids 
(i.e., Cushing’s syndrome, adrenocortical carcinoma, or ectopic paraneoplastic). 
However, patients may present with no prior history and relatively vague com-
plaints. A broad differential and workup should be initiated including comprehen-
sive laboratory evaluation with comprehensive metabolic panel, complete blood 
count, serum cortisol and ACTH, as well as multiphase CT imaging. Imaging find-
ings must be taken into consideration, particularly those with no previously estab-
lished diagnoses but with other clinical evidence concerning severe hypercortisolism. 
Ectopic ACTH-secreting tumors may be seen as lesions in the adrenal glands, lung, 
or pancreas.

Severe hypercortisolism is associated with a random serum cortisol higher than 
40 μg/dL (normal range 5–25 μg/dL) or a 24-h urine free cortisol more than four 
times the upper limit of normal (normal range 10–100 mcg/24). This is often seen 
in the setting of severe hypokalemia (defined as a serum potassium of <3 mmol/L) 
(normal range 3.6–5.2 mmol/L). In the setting of acute, severe hypercortisolism, the 
classic features of Cushing’s syndrome are not evident; however, significant meta-
bolic/electrolyte disturbances are apparent on laboratory analysis [9]. These labora-
tory abnormalities coupled with imaging findings and presenting symptoms should 
raise a high level of suspicion for severe hypercortisolism. Marked increase in 
serum cortisol and adrenocorticotropic hormone with other associated laboratory 
abnormalities in conjunction with concerning imaging findings should prompt rapid 
treatment. If the diagnosis of severe hypercortisolism is presumed, it is imperative 
to immediately initiate treatment and to not delay for diagnostic confirmation.

Treatment includes the rapid reduction of cortisol, correction of metabolic 
derangements, and management of any concomitant comorbidities. Rapid correc-
tion of cortisol should be initiated with oral ketoconazole and/or metyrapone. If 
enteral access is not available or if appropriate cortisol levels are not able to be 
achieved with oral medications, intravenous etomidate has been shown to be 
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effective and safe in reducing elevated cortisol levels. Patients treated with etomi-
date should be carefully monitored in the intensive care unit with sedation scores, 
continuous hemodynamic monitoring, and serial serum cortisol to closely monitor 
levels (every 4–6 h) [10–12].

Intervention is directed at addressing the etiology of the severe hypercortisolism 
with optimal therapy being complete resection of the cortisol-secreting tumor or 
ACTH-secreting tumor. In the setting of severe hypercortisolism, admission to 
intensive care unit with close hemodynamic monitoring and rapid correction of 
elevated cortisol and electrolyte abnormalities with medical therapy should be initi-
ated. Once the acute crisis is medically stabilized, then further treatment with either 
prolonged medical therapy or surgery may be initiated. Transsphenoidal surgery is 
the treatment of choice for ACTH-producing pituitary adenoma when a clearly cir-
cumscribed adenoma is identified. In patients with hypercortisolism secondary to 
ACTH secretion (pituitary adenoma or ectopic ACTH tumor) where the tumor is not 
resectable or non-localized, some patients may benefit from bilateral adrenalec-
tomy, but careful patient selection and a multidisciplinary approach are required for 
this decision as medical management of lack of adrenal function is challenging.

In patients with primary adrenal disease, treatment is directed at removal of the 
adrenal gland or glands. Adrenal tumors should be removed with unilateral adrenal-
ectomy, while bilateral adrenalectomy is indicated for bilateral micronodular and 
macronodular adrenal hyperplasia [13]. Unilateral tumors incidentally discovered 
on the adrenal gland should never be biopsied to determine etiology; rather, they 
should be removed with an oncologic reaction (en bloc with any nodes/invading 
structures) (Fig. 2.4a, b). In patients who continue to clinically deteriorate despite 
maximal medical therapy, emergent adrenalectomy may be considered as a lifesav-
ing measure [14]. Finally, for tumors that are unable to be resected due to local 
invasion, palliative debulking may still be indicated to improve patient quality 
of life.

Either open or laparoscopic surgical approach is reasonable. While the laparo-
scopic approach is associated with less postoperative morbidity and mortality, ulti-
mately surgical intervention should be at the discretion of the comfort level of the 
operative surgeon. Additionally, it is important to recognize that adrenal crisis is an 
emergent complication of bilateral adrenalectomy. Any patient who has bilateral 
adrenalectomy should wear a medic alert bracelet in case of trauma or other crises, 
as patients are unable to mount an acute stress response to trauma or severe illness. 
All patients receiving medical or surgical intervention should be monitored for 
adrenal insufficiency and treated accordingly with intravenous hydrocortisone with 
subsequent taper to oral steroids.
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a

b

Fig. 2.4 (a) CT scan of a right adrenal tumor in a patient with severe Cushing’s symptoms. (b) 
Surgical specimen of the same right adrenal tumor that turned out to be a low-grade adrenal corti-
cal cancer
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Administration:

Initial daily dose 500 mg -1 g (divided 3–4
doses daily)

Titration daily to 250–500 mg
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Pharmacodynamics and Pharmacokinetics:
Onset of action: within 24 hours of
administration
Peak effect: 1 hour
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abdominal pain

Etomidate (IV)

Administration:
Loading dose of 3–5 mg
Followed by continuous infusion of 0.02–0.05
mg/kg/h (1.5–4 mg/hr) 

 Titrate to serum cortisol:
18–29 mcg/DL (500 to 800 nmol/L) in a
physiologically stressed patient

5.5 to 11 mcg/dL (150–300 nmol/L) in a
non-physiologically stressed patient.
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a complete blockade

Hydrocortisone IV is required with
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Pharmacodynamics and Pharmacokinetics:
Half-life: 3–5 hours
Onset of action: 12-24 hours (Adrenal suppression)

Adverse Reactions: Nephrotoxicity, sedation, myoclonus

Modified from: Carroll et al. Continuous Etomidate infusion for the Management of
Severe Cushing Syndrome: Validation of a Standard Protocol. Journal of the
Endocrine Society, 2018; 3(1):1-12. Preda et al. Etomidate in the Management of
Hypercortisolemia in Cushing's Syndrome: a review. European Journal of
Endocrinology. 2012; 167(2):137-143.

Half life: initial 2 hrs, terminal 8 hrs

Maximum dose of 6g/ daily

Serum cortisol levels every 4-6 hours

 

2.5  Adrenal Crisis (Acute Adrenal Insufficiency)

Adrenal insufficiency results from a deficiency of adrenal cortisol production and is 
categorized as primary, secondary, or tertiary adrenal insufficiency. Primary adrenal 
insufficiency arises from a direct insult/failure of the adrenal gland. Secondary and 
tertiary adrenal insufficiency are due to disorders of the pituitary or hypothalamus. 
Adrenal crisis (acute adrenal insufficiency) most commonly occurs in patients with 
primary adrenal insufficiency; however, it may also be seen in those with secondary 
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and tertiary adrenal insufficiency [15]. Adrenal crisis is a life-threatening emer-
gency associated with significant morbidity and mortality and requires prompt 
treatment.

Primary adrenal insufficiency may occur with bilateral adrenal hemorrhage, 
bilateral adrenalectomy, congenital hyperplasia, drug-induced adrenal enzyme inhi-
bition (i.e., mitotane, ketoconazole, and metyrapone), etomidate when continuously 
infused or frequently dosed, as well as other pharmacologic agents such as carbam-
azepine, phenytoin, and phenobarbitone [16]. Adrenal hemorrhage may occur in the 
setting of trauma, or spontaneously ruptured adrenal tumor. Although less common, 
acute adrenal insufficiency may occur in secondary and tertiary adrenal insuffi-
ciency and is typically precipitated by acute stress, pituitary infarct, or traumatic 
brain injury or following surgical cure of Cushing’s syndrome. Additionally, patients 
on exogenous steroids (prednisone 5 mg/day or equivalent for 4 weeks or longer 
across all routes of administration—oral, optical, inhaled, or intranasal) are at 
increased risk for adrenal insufficiency, and abrupt withdrawal from exogenous glu-
cocorticoids may provoke adrenal crisis.

The clinical features of adrenal crisis include hypotension and hypovolemia with 
laboratory abnormalities of hyperkalemia and hyponatremia. However, patients 
often present with vague, nonspecific symptoms such as nausea, vomiting, fever, 
abdominal pain, fatigue, and altered consciousness.

In patients with a suspected adrenal crisis, prompt initiation of treatment is cru-
cial. Serum chemistry, blood serum cortisol, ACTH, renin, and aldosterone should 
be collected as part of the initial evaluation; however, treatment should not be 
delayed for diagnostic confirmatory tests. Rapid correction of hypocortisolism can 
be done with bolus injection of 100 mg IV hydrocortisone (intramuscular may be 
substituted pending intravenous access) followed by 200  mg hydrocortisone per 
24  h (continuous IV infusion or 50  mg of hydrocortisone intravenous injection 
every 6 h). Concurrently, rehydration should be started with isotonic saline or 5% 
dextrose in isotonic saline via continuous IV and titrated based on volume status/
urine output. Patients should be admitted to an intensive care unit for close monitor-
ing of vitals and serial serum chemistry laboratory tests to carefully monitor electro-
lyte abnormalities. Intravenous hydrocortisone replacement should continue at 
50 mg every 6 h until the patient is clinically stable [16]. Following clinical stability 
(normalization of vitals, ability to tolerate oral intake/medication), parenteral gluco-
corticoid therapy may be tapered over 24–72 h and transitioned to oral stress or 
maintenance dose. Once the patient is clinically stable, tapering of intravenous 
hydrocortisone to replacement doses can be initiated within 24–72 h. Patients with 
primary adrenal insufficiency should additionally receive mineralocorticoid replace-
ment when the total daily hydrocortisone dose is lower than 50 mg/24 h. Additionally, 
once a patient has stabilized, precipitating causes of the adrenal crisis should be 
investigated and appropriately treated.

It is important to note that all patients with adrenal insufficiency should take 
emergency precautions by wearing a medical alert bracelet/necklace as well as carry 
an emergency card with the diagnosis, daily medication, and doses listed. Patients 
and family/support members should be educated on the use of injectable 
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glucocorticoids in the setting of an emergency and be instructed to inject the medi-
cation if symptoms of acute adrenal insufficiency occur, nausea/vomiting and 
inability to tolerate oral intake/medications, or if the patient is found unresponsive. 
Following medication administration, the family/support person(s) should seek 
medical help immediately [16].

Adrenal Crisis

Admission to Intesive Care
UnitHistory:

Known history of bilateral
aderenalectomy, abrupt
exogenous glucooritcoid 

ithdrawal

Presenting symptoms/signs:
Hypotension, syncope abdominal

pain/tenderness, fever, altered
mentol stous

Comprehensive laboratory
evaluation

Hyponatremia, hypoglycemia,
hypercalcemia, hyperkalemia, acute

renal failure

Concern for
Adrenal Crisis

Rapid correction of
hypocortisolism

IVF Resuscitation 
altonic saline
5% dextrose in isotonic
soline

Continous hemodynamic
monitoring

Serial labs: close monitoring
and correction of electrolyte

abdnormalitites

Continuous infusion 200
mg/24 for first 24 hours

Hydrocortisone
100 mg IV bolus

Hydrocoritsone 50 mg IV q6

If suspected adrenal crisis do not wait for labartory confirmation, initate
treatment immediately  

2.6  Conclusion

Adrenal emergencies are rare but potentially life-threatening diagnoses that present 
a challenge in the acute care setting. Due to their often vague presentation, a high 
index of suspicion for diagnoses is required. History, presentation, imaging, and 
laboratory values are helpful in aiding the clinician to ascertain the correct diagno-
sis. However, in the setting of a potentially life-threatening adrenal emergency, if 
the index of suspicion is high, initiation of treatment should not be delayed for 
diagnostic confirmation. Rapid intervention and treatment may be lifesaving in 
adrenal emergencies.
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3Thoracic Emergencies

A. Hecker, J. Noll, M. A. Weigand, Markus Hirschburger, 
Jens G. Riedel, M. Reichert, W. Padberg, and M. Hecker

3.1  Introduction

The most frequent acute thoracic emergencies in oncologic patients include airway 
obstruction, endobronchial bleeding, and poststenotic complications such as devel-
opment of fistula with concomitant bleeding, infection, and/or respiratory impair-
ment. Clinical presentations in the emergency room range from slow deterioration 
of the general condition of the patient to acute complications with lethal outcome. 
Securing of the airway is the main task for both emergency and intensive care doc-
tors. Subsequently, the treatment of the cause relies on interventional radiologists, 
bronchoscopy, and eventually intervention of thoracic surgeons.

Table 3.1 provides some overview on typical clinical diagnoses of lung cancer 
patients in the emergency room, published by Gorham et al. in 2013 [1]. Respiratory 
symptoms are—as expected—the most common clinical signs on admission. Of 
patients presenting with respiratory symptoms, 62.8% have dyspnea, 17.7% cough, 
11.5% chest pain, and 8% hemoptysis as the main symptom.
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Table 3.1 Typical diagnoses in lung cancer patients on admission in the emergency room (ER) [1]

Infection 29.4% Pulmonary infection, febrile neutropenia, GIT
Neoplastic progression 21.9% Locoregional, brain metastasis
Pain 12.4% Acute and chronic pain
Gastrointestinal complications 8.4% Side effects of chemotherapy, constipation, 

GERD
Cardiovascular complications 7.1% Pulmonary embolism, deep vein thrombosis

Arrhythmias
Myocardial infarction

Pulmonary complications 3.3% Respiratory distress
Hemoptysis

Others (metabolic, hematologic, 
urological, neurological, etc.)

17.5% Acute renal failure, anemia, 
thrombocytopenia, diabetic decompensation

3.1.1  Airway Obstruction

Both extraluminal airway compression and endoluminal tumor growth can lead to 
airway obstruction, which bears the risk of acute dyspnea and suffocation.

Mediastinal tumor masses (e.g., lymphoma, thymoma, teratoma, bulky disease 
with large lymph node metastases) could lead to compression of the trachea and the 
main bronchi. A concomitant compression of the superior vena cava is clinically 
apparent as an upper venous congestion (see Sect. 3.1.2). After initial airway secur-
ing, definitive management relies on bronchoscopic implantation of self-expanding 
metal stents (SEMSs), silicone stents (without metal stabilization), or hybrid stents. 
The use of a jet ventilation system enables the endoscopist to implant the stent via 
rigid bronchoscopy. In case of malignancy, covered metal stents as well as silicone 
stents are typically used to avoid in-stent tumor growth. Tumors that are primarily 
located endobronchially or infiltrate the bronchial lumen could lead to endobron-
chial obstruction. While endobronchial tumor growth in trachea and main bronchi 
can be typically managed by interventional bronchoscopy, obstruction of peripheral 
bronchi (e.g., segmental bronchi) requires surgical tumor resection in the absence of 
formal inoperability criteria. If resection (e.g., by lobectomy with systemic lymph-
adenectomy) is functionally or technically unfeasible, radiotherapy could be an 
alternative (palliative) therapeutic option. In cases of tumor obstruction of the larger 
airways, flexible (diagnostic) bronchoscopy is the first step to evaluate the tumor 
size and texture; such information allows the choice of the optimal therapeutic 
option. Several therapeutic approaches are available including mechanical tumor 
removal, electrocoagulation, argon plasma coagulation, etc. In contrast to these 
techniques, which offer only temporary solutions for critical respiratory situations, 
the use of endobronchial brachytherapy has long-term efficiency. Nearly all bron-
choscopic methods require both rigid bronchoscopic devices in combination with 
jet ventilators (caveats: risk of burning/explosion if high oxygen concentrations are 
required). Table 3.2 provides a short overview on some advantages and disadvan-
tages of these different techniques.
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Table 3.2 A short overview on the different endobronchial techniques for interventional 
tumor therapy

Therapeutic 
approach Characteristics Advantages

Disadvantages/side 
effects

Mechanical 
procedure

Tumor removal/debulking 
by endoscopic forceps 
and loops

Flexible bronchoscopy 
possible

Increased bleeding 
risk in emergency 
situation

Laser therapy Tumor removal/debulking 
by ND-YAG laser
5–8 mm penetration 
depth

Lifetime prolonged about 
4 months
80% success rate 
(trachea)
40% success rate (lobar 
bronchi)

Complication rate 
<2% (bleeding, 
perforation, asphyxia, 
burning, 
pneumothorax)

Electrotherapy 
(APC)

Argon plasma 
coagulation
2–3 mm penetration 
depth
Often combined with 
mechanical tumor 
removal

Best coagulation, 80% 
success rate (trachea)

Argon gas emboli 
with cerebral and 
cardiac complications 
possible

Photodynamic 
therapy

i.v. Application of a 
sensitizer before the 
endoscopic intervention; 
radiation with red light 
leads to tumor necrosis

Not for emergency 
palliative situations, but 
for destruction of small 
tumors <1 cm (92% 
success rate) (>2 cm 50% 
only)
(Low) Evidence that PDT 
could be superior to YAG 
laser therapy

CT to exclude deep 
tumor infiltration
Increased risk for 
sunburn after 
sensitizer application

Endobronchial 
brachytherapy

Radioactive tracer is 
endoscopically and 
temporarily placed at the 
lung tumor/after loading 
technique (5–10 Gy)
Often combined with 
initial tumor destruction 
by laser therapy

Ongoing trials in 
combination with 
percutaneous radiation 
therapy (boost)

In contrast to 
percutaneous radiation 
therapy, less effective

3.1.2  Superior Vena Cava Syndrome

Malignant tumor masses leading to invasion or external compression of the supe-
rior vena cava account for nearly 90% of cases of superior vena cava syndrome; 
nonmalignant causes include infections/inflammatory processes or thrombosis. 
About 3% of patients with lung cancer (10% of patients with small-cell lung 
cancer) suffer from symptoms of superior vena cava compression ranging from 
edema of the upper quadrants of the body and dysphagia to acute respiratory 
distress caused by laryngeal edema [2]. Diagnosis relies on CT scan, and the 
most effective and safe therapeutic approach relies on percutaneous endovascu-
lar stent implantation, with reported success rates of 80–100%. In patients with 
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small-cell lung cancer, combined chemoradiation is a noninvasive alternative 
(success rates about 80%), but effects are delayed 7–14  days after treatment 
initiation.

3.1.3  Endoluminal Bleeding

Endoluminal bleeding can be caused by a wide range of benign conditions, such as 
tuberculosis, bronchiectasis, aspergillosis, and vasculitis. Reviews of the literature 
from France, the USA, and Italy reveal that about 14–25% of patients with hemop-
tysis presenting in the ER suffer from bronchial carcinoma, which may lead to 
minor (up to 20 mL per 24 h), moderate (20–500 mL per 24 h), or severe bleeding 
(more than 500 mL per 24 h) [3]. In contrast to other locations, even minor endo-
bronchial bleedings bear the risk of life-threatening asphyxia. About 150  mL of 
blood could lead to a nearly complete obstruction of the airways with dramatic 
clinical consequences. It should be kept in mind that not exsanguination, but 
asphyxia leads to death during endobronchial bleeding. Blood loss of 200 mL per 
24 h is associated with a mortality of 40%. The initial step in cases of dramatic 
bleeding should be airway securing, which might require single-lung ventilation, 
bronchial blockers, ECMO, etc. Lavage with cold saline or adrenalin solutions for 
vasoconstriction and argon plasma (APC) or laser coagulation through rigid bron-
choscopy are the methods of choice to achieve quick bleeding cessation (see 
Table  3.2). Rigid bronchoscopy allows more efficient clot removal compared to 
flexible bronchoscopy. If hemostasis could not be achieved through bronchoscopy 
(e.g., in cases of peripheral bleeding of a tumor in the lung parenchyma), bronchial 
arterial embolization is the method of choice. Bronchial arteries originating as 
branches from the thoracic aorta can be occluded using interventional catheters. 
Success rates range between 77 and 100%, and complications such as aortic dissec-
tion, perforation, or neurologic impairments occur in 2–4% of patients. The main 
drawback of such techniques is the high recurrence rate (up to 53% recurrent 
hemoptysis within the first year) [4]. If patients fulfill operability criteria, oncologic 
tumor resection should be undertaken after emergency bleeding control by endos-
copy or interventional radiology. Modern literature shows that mortality was dra-
matically increased if surgery was performed up front to obtain emergency control 
of endobronchial bleeding. Therapeutic algorithms should rely on first-line endo-
scopic or radiological bleeding control, followed by oncologic resection, if possible.

3.1.4  Pneumonia and Lung Abscess

Bronchial obstruction by malignancies is one of the most common reasons for 
pneumonia and has to be kept in mind by every emergency practitioner. Up to 9% 

A. Hecker et al.



43

of patients with pneumonia have a poststenotic inflammation of the lung paren-
chyma. Due to the persisting stenosis, long-term broad-spectrum antibiotics are 
often necessary. If feasible, oncologic resection of the infected tumor-bearing pul-
monary lobe is the gold standard. Otherwise, endoscopic treatment and recanaliza-
tion are indicated.

Obstruction pneumonia can evolve to abscess formation. Tumor necrosis with 
concomitant infection may be another cause for abscess development. If the focus 
of infection gets in contact with the pleural cavity, a tumor-associated pleural empy-
ema may develop. While a lung abscess due to tumor necrosis may be successfully 
treated by surgical tumor resection with curative intent, surgery is also indicated in 
palliative settings to achieve pulmonary/pleural source control and enable adminis-
tration of systemic antitumor treatment. However, in most cases, radical surgical 
tumor resection is not feasible in these patients. Under such circumstances, endo-
scopic treatment of the tumor stenosis by stent implantation or bronchoscopy drain-
age of a pulmonary abscess is a possible palliative therapeutic option. Alternatively, 
external percutaneous transthoracic CT-guided drainage of a pulmonary abscess 
should be considered.

3.1.5  Tracheoesophageal Fistula (TEF)

Tracheoesophageal fistula is a life-threatening emergency in thoracic oncology. In 
the absence of efficient treatment, repetitive aspiration pneumonia leads to death 
within weeks; immediate interventional therapy is required in these patients to 
improve outcomes. Due to the palliative situation in most cases, surgical therapy is 
usually not an option. Endoscopic (bronchial and/or esophageal) stenting could 
bridge the TEF and avoid aspiration. Fibrin application or over-the-scope clipping 
(OTSC) of the fistula is a semi-experimental, individual option, which usually fails 
in the long-term malignant TEF. Malignant fistula between bronchi and aorta leads 
to fulminant hemoptysis with rapid clinical deterioration and death. Emergency 
concepts typically include implantations of thoracic endovascular aortic repair 
(TEVAR) stents.

3.1.6  Neoplastic Pleural Effusions with Trapped Lung

Pleural effusions in oncologic patients are often more complicated due to a trapped 
lung, which could not expand. Intrapleural instillation of cytotoxic agents has lim-
ited effects. In these cases, the use of intermittent pleural drainage, e.g., via a Denver 
pleuroperitoneal shunt, or an external permanent drainage (e.g., PleurX) should be 
considered. In rare situations, a pleurectomy can be discussed in patients with good 
clinical condition.
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3.2  Conclusion

Cancer patients suffering from lung cancer are threatened by a variety of emergen-
cies requiring interventional bronchoscopy or radiology in most cases. 
Interdisciplinary decisions from surgeons, anesthesiologists, radiologists, and pneu-
mologists are necessary to provide best care for these complex emergency patients.
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4Oncological Emergencies: Esophageal 
Cancer

Mircea Chirica and Gaël Roth

4.1  Introduction

Esophageal cancer (EC) is the seventh most frequent cancer worldwide and is 
responsible for approximately 500,000 deaths yearly [1–3]. Multimodal therapies 
have replaced surgery alone in the curative approach of patients with advanced 
EC, and recent overall survival rates (currently approaching 50%) have doubled 
during the last decades [4, 5]. The current trend in modern oncology is offering 
personalized therapeutic pathways to cancer patients through a multidisciplinary 
decision- making process. While this process benefits a large majority of patients, 
it is not adapted to patients experiencing acute complications such as tumor bleed-
ing, upper digestive tract perforation, obstruction, or airway invasion. Indeed, 
such oncological emergencies require quick complex decision-making, which 
takes into consideration the risks and chances of success of emergency therapeutic 
procedures as well as patients’ cancer-related prognosis. Most practitioners have 
limited experience with the management of oncologic esophageal emergencies, 
and reliable management guidelines are lacking in the literature. This chapter 
focuses on the management of oncological emergencies in EC patients, which are 
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classified according to their presentation mode in esophageal obstruction, esopha-
geal perforation, tumor bleeding, and airway involvement. Complications of 
esophagectomy for cancer-requiring emergency management are beyond the 
scope of this chapter.

4.2  Esophageal Obstruction

Dysphagia is a predominant problem in patients with esophageal cancer and is the 
most frequent-onset symptom [6]. Severity of dysphagia ranges from simple dis-
comfort to complete aphagia [7]. Management of dysphagia and particularly treat-
ment of food impaction are an emergency in patients with EC. In patients eligible 
for curative treatments, the preservation of a good nutritional status is cornerstone 
as it allows appropriate patient conditioning for intensive chemotherapy regimens 
and extensive surgery. Restoring swallowing capacities is also important to improve 
the quality of life in patients with advanced EC undergoing palliative treatments. 
Complete obstruction of the esophageal lumen by EC induces regurgitation of food 
and saliva into the airway and can lead to aspiration pneumonia, which might com-
promise short-term survival. EC is a rare cause of food impaction (<2%) which 
requires prompt management [8].

Management of EC-related dysphagia relies mainly on endoscopic procedures 
(dilation, stenting), but alternatives have been described [7].

4.2.1  Endoscopic Management

Endoscopic dilation using either pneumatic balloon or wire-covered boogies is an 
easy and effective procedure of esophageal disobstruction in patients with EC [7]. 
While dilation provides quick relief of dysphagia, in the setting of malignant 
obstruction, long-term effects are very limited with quick symptom recurrence [7]. 
For this reason, dilation is usually associated with esophageal stenting for treatment 
of dysphagia in EC. Esophageal stenting maintains oral intake with short hospital 
stay and improves QOL in palliative patients [6]. Self-expanding metal stents 
(SEMSs) are currently the recommended up-front approach in patients with obstruc-
tive EC [9, 10]. SEMSs are efficient as up to 80% of patients experience dysphagia 
relief [6]. However, stenting may be complicated by retrosternal pain (9%), hemor-
rhage (8%), stent migration (7%), and esophageal perforation (3%) [6]. In case of 
food impaction, pushing the bolus beyond the obstacle is successful in 90% of 
cases; retrieval using a snare should be attempted in case of failure [11]. Enteral 
feeding should always be discussed after disobstruction as these patients are usually 
malnourished.
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4.2.2  Alternative Techniques

Alternative techniques of esophageal disobstruction include radiotherapy, chemo-
therapy, endoluminal brachytherapy, photodynamic therapy, laser therapy, cryoab-
lation, intra-tumoral injection of alcohol or chemotherapy, plasma argon coagulation, 
and surgery. These techniques are marginal, but in combination with endoscopy, 
they may prolong the duration of dysphagia-free periods and improve patient qual-
ity of life [7].

4.2.3  Surgery

Dysphagia palliation by esophagectomy or esophageal bypass procedures is no lon-
ger recommended in patients with advanced esophageal cancer. Due to high mortal-
ity and morbidity rates in patients with short life expectancy, surgery has been 
abandoned and replaced by local endoscopic therapies [7].

However, surgery has an important role in improving the nutritional status of 
patients with obstructive esophageal cancer who are eligible for either curative or 
palliative treatments [12]. Starting re-nutrition prior to complex multimodal thera-
pies is an emergency in patients who had experienced severe weight loss [12]. 
Enteral feeding is highly preferred to intravenous nutrition due to potential infec-
tions, electrolyte abnormalities, liver tests abnormalities, and high costs associated 
with the use of parenteral nutrition. Parenteral nutrition should be generally limited 
to patients awaiting placement of an enteral delivery system [7]. In a recent study, 
surgical jejunostomy proved more effective and less morbid when compared to 
endoscopic stenting in patients with severe esophageal obstruction [13]. Placement 
of a feeding jejunostomy tube at the time of staging laparoscopy is a safe and reli-
able means of providing nutrition in patients with esophageal cancer [14, 15].

4.2.4  Endoluminal Brachytherapy

The technique relies on the endoscopic introduction of a radioactive source into the 
tumor, which allows delivery of high doses of radiotherapy to the tumor with a rela-
tively small involvement of the surrounding healthy tissues [9, 16]. The treatment is 
performed weekly during a 3- to 8-week treatment course, and the response rate for 
dysphagia symptoms is up to 70%. The main drawbacks are the short duration of the 
symptom relief, lasting an average of 2.5 months, and the need for multiple treat-
ments. Brachytherapy complications include esophagitis, stricture, and fistula forma-
tion [16]. Another shortcoming associated with this technique is its lack of availability: 
in one paper, only 6% of 59 US hospitals had access to brachytherapy [17].
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4.2.5  Photodynamic Therapy

Photodynamic therapy has currently a marginal role in the palliation of dysphagia 
in the setting of EC [7, 18]. The technique includes parenteral administration of a 
systemic photosensitizer (porfimer sodium 2  mg/kg) followed (48–72  h) by the 
administration of locally directed light (red light of wavelengths 630 nm). The pho-
tosensitizer is preferentially taken up by tumor cells, and direct application of light 
through an endoscope triggers a photooxidative reaction resulting in cell death. 
Phototherapy was quite effective in palliating dysphagia in one study with a 90% 
success rate 4 weeks after the end of the treatment and a dysphagia-free period of 
80 days [19]. The main drawbacks are the low efficacy rates and temporary photo-
sensitivity with sunburns occurring in 20% of patients [18, 20].

4.2.6  Laser Therapy

Local laser therapy aims at esophageal disobstruction by tumor destruction using 
high-energy lasers such as the Nd:YAG laser. The laser beam is directed at the 
obstructing esophageal tumor through an endoscope positioned approximately 1 cm 
away from the tumor; the energy delivered results in tumor destruction by tissue 
coagulation and vaporization. Early studies have shown rapid improvement in dys-
phagia scores in patients undergoing laser Nd:YAG therapy with average duration 
of symptom improvement of about 4 weeks [7, 21].

4.2.7  Other Techniques

Other procedures have been developed with the purpose of obtaining local destruc-
tion of the tumor by chemical (intra-tumoral endoscopic injection of alcohol [21] 
and of chemotherapy [22]) and thermal (cryotherapy [23], argon plasma coagula-
tion [24]) means. With the advent of endoscopic stenting, most of these techniques 
have been abandoned, but they can still be used in combination for the treatment of 
advanced esophageal cancers [25].

4.3  Esophageal Perforation

Esophageal perforation (EP) is a highly lethal condition with mortality rates of 
around 20% [11]. The association between EC and EP is rare, as EC represents less 
than 5% of causes of EP [26]. Perforation can be due to the spontaneous disruption 
of the esophageal wall continuity at the site of the tumor or most often the result of 
interventional and diagnostic endoscopic procedures [26]. Besides, some authors 
cautioned against liberal use of endoscopic procedures in patients with resectable 
EC, as EP occurring in this setting may compromise oncologic outcomes [27]. 
Although the incidence of iatrogenic perforation of esophageal cancer has increased 
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in parallel with the use of esophageal dilation, perforation complicates less than 5% 
of endoscopic procedures [27, 28].

The management of EP in patients with EC remains controversial, with both 
emergency surgical resection and conservative treatment being advocated [27, 29]. 
The choice of treatment should be individually tailored to the mechanism of perfo-
ration (spontaneous vs. iatrogenic) as well as the patient’s condition and oncologi-
cal expectations.

4.3.1  Conservative Management

Criteria for nonoperative management of EP have been previously described in a 
series including only small numbers of patients with EC [30]. Such criteria may be 
suitable for select patients with perforated EC although data in the literature is 
scarce [27]. Nonoperative management should be considered for intraoperative EP 
during endoscopic maneuvers (endoscopic balloon dilation, endoscopic submuco-
sal or mucosal dissection) [28]. Such patients usually have minimal mediastinal and 
pleural contamination because EP is recognized immediately and they underwent 
fasting before the procedure. Nonoperative management should also be discussed in 
patients with locally advanced, unresectable EC and patients unfit for surgery [27]. 
Conservative treatment requires nil per os diet, insertion of a nasogastric tube for 
gastric decompression, and either enteral (jejunostomy, nasojejunal tube) or paren-
teral nutrition [11]. Large-specter antibiotic therapy is usually recommended. First- 
line attempts at perforation closure rely on endoscopic clipping; use of over-the-scope 
clips and self-expanding metal stents should be considered in case of failure. 
Mediastinal and pleural collections should be drained radiologically and closely 
monitored by endoscopy and/or contrast radiology to assess healing [29].

4.3.2  Surgical Management

In patients with delayed presentation and massive mediastinal/pleural contamina-
tion and in patients with large perforations, surgery is often required, assuming that 
this is within the patient’s goals of care [27]. The delay in diagnosis is the main 
prognostic determinant in patients with EP with mortality rates increasing signifi-
cantly if management is started more than 24 h after EP [11, 26]. The clinical pre-
sentation may be atypical, especially in patients without a previous diagnosis of EC; 
a high grade of suspicion is required to establish the diagnosis of EP and start 
prompt treatment [26]. Emergency surgery for EP in patients without cancer relies 
on suture closure of the esophageal defect associated with pleural debridement, 
wide drainage, and jejunostomy construction [11]. As cancer tissues do not heal, 
esophageal resection is probably the only lifesaving treatment option of EP in 
patients with large defects of EC [31]; this option should be discussed even if R0 
resections cannot be achieved as some patients may obtain prolonged survival 
(Fig.  4.1). In critically ill patients with massive mediastinal and pleural 
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Fig. 4.1 A 63-year-old man with no previous medical history was seen in the emergency depart-
ment for brutal thoracic pain, dyspnea, and hyperthermia. (a) Emergency CT evaluation showed 
extraluminal air and fluid contained to the mediastinum (arrow) and a tumor of the middle third of 
the thoracic esophagus. The patient underwent emergency suture repair of the esophageal defect 
through right thoracotomy and laparoscopic construction of a feeding jejunostomy. (b) 
Postoperative day (POD) 4 CT showed contrast leak into the pleura in a patient with persistent 
sepsis. Transthoracic esophagectomy with cervical esophagostoma was undertaken. The operative 
course was uneventful, and the patient was discharged from the hospital on POD20. (c) At 
3 months, PET-CT showed carcinosis and bone and lymphatic metastases (arrows). Esophageal 
reconstruction was contraindicated, and the patient died of recurrence 3 years later

contamination, a damage control strategy including esophageal exclusion, pleural 
decortication, and thoracic drainage should be considered; esophagectomy, cervical 
esophagostoma, decompression gastrostomy, and feeding jejunostomy are then per-
formed at the time of second-look operation. Esophageal reconstruction with the 
stomach may be considered in fit patients with minimal pleural contamination and 
resectable tumors [27]. However, if these conditions are not met, reconstruction 
should be delayed. Under such circumstances, gastroplasty or coloplasty is usually 
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performed using the retrosternal route after a recurrence-free interval of 3–6 months 
[32]. In a recent paper focusing on esophagectomies after esophageal perforations, 
primary reconstruction was performed in 62% of patients while 38% underwent 
delayed reconstruction [33]. Irrespective of the emergency management method, 
the long-term oncological results of patients with EC who experience EP are disap-
pointing. Di Franco et  al. reported 48 iatrogenic esophageal perforations in EC 
patients of whom 16 patients underwent intention-to-cure esophageal resection; the 
remaining 32 patients either were unfit for surgery or had unresectable tumors. 
There was no significant survival difference between esophagectomy and nonopera-
tive management. The median survival following esophagectomy was 11 months, 
and all patients died of recurrent disease [27].

4.4  Bleeding

Hemorrhage is a common and severe complication in patients with esophageal can-
cer. In a recent study focusing on gastrointestinal hemorrhage in patients with gas-
trointestinal cancer, EC came in fourth position after stomach, liver, and small 
bowel cancers regarding bleeding risks [34]. Overall, bleeding occurred in 9.3% of 
EC patients, and lower third cancers had higher bleeding risks (10.7%) than middle 
third (8.0%) or upper third cancers (6.2%) [34]. Patients with EC may present with 
either low-volume intermittent bleeding from their tumor or brisk and massive 
bleeding if the tumor erodes into the aorta. The etiology and the presentation of 
esophageal hemorrhage condition their management and outcomes.

4.4.1  Minor Bleeding

Patients with EC are at high risk of thromboembolism and bleeding. As occurrence 
of thromboembolic adverse events may reach 33% in this population, EC patients 
are often under anticoagulant therapy [35]. Thromboprophylaxis significantly 
reduces thromboembolic risks but increases tumor bleeding risks as well. Indeed, a 
study reporting hemorrhagic complications in EC patients under anticoagulation 
therapy showed that clinically relevant nonmajor bleeding occurred in 6% of 
patients with 24 months of follow-up [35]; the source of bleeding was gastrointesti-
nal in half of the cases. Several options are available for the management of minor 
bleeding in patients with EC, including endoscopy, surgery, trans-arterial emboliza-
tion, and radiation therapy. Interventional endoscopy is the most frequently 
employed procedure to stop minor bleeding at the tumor site and was associated 
with a substantial reduction in mortality [34]. Efficient endoscopic hemostasis may 
be difficult to obtain due to the rigidity of the tumor that hinders the use of hemo-
static clips; contact thermal therapy using heater probe or bipolar electrocautery 
should be considered under these circumstances. Despite initial successful hemosta-
sis, the rate of recurrence bleeding is high with 30-day rebleeding rates of 33% 
being reported, which is similar to control patients [36, 37]. Another option is the 
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use of hemostatic powder (i.e., Hemospray®), which allows a good immediate 
hemostasis, but recurrence rates are also high [37, 38]. Thus, other procedures 
should be performed as a complement to endoscopy to consolidate hemostasis and 
in case of failure. Various options are available such as radiation therapy for diffuse 
tumor bleeding or embolization in case of brisk hemorrhage [7]. Transcatheter arte-
rial embolization with N-butyl cyanoacrylate has been successfully used to control 
arterial esophageal bleeding in some EC patients [39]. Argon plasma coagulation, 
cryoablation, and Nd:YAG laser therapy have also been used for bleeding control in 
patients with EC, but their use remains marginal [7]. The large majority of these 
technique are still poorly studied in literature, with very low level of evidence of 
their benefit.

4.4.2  Massive Hemorrhage

The esophagus is close to the descending aorta in the middle and lower mediasti-
num, and therefore locally advanced esophageal tumors may occasionally invade 
the descending aorta. Tumor perforation into the aorta results in esophagoaortic 
fistula formation, which is a highly lethal condition unless an immediate and effec-
tive hemostatic procedure can be performed. Treatment of EC by radiotherapy is a 
major risk factor of aortoesophageal fistula, which was responsible for death in 7% 
of patients in one study [40]. A comprehensive review of 500 patients with aorto-
esophageal fistulas revealed that 17% of them were caused by advanced EC [41]. 
Management of malignant aortoesophageal fistula is a difficult challenge, and mor-
tality is very high. Surgical hemostasis is usually not feasible as most of the advanced 
esophageal tumors are unresectable. Thoracic endovascular aortic repair (TEVAR) 
is an established treatment for thoracic aortic aneurysms; recently, this technique 
was reported to enable effective hemostasis in patients with hemorrhage from aor-
toesophageal fistula in patients with esophageal cancer [42, 43]. Recent studies have 
reported the efficacy of prophylactic TEVAR to prevent fatal hemorrhagic events 
during treatment for locally advanced esophageal cancer [43, 44]. Moreover, sur-
vival was improved in patients who underwent prophylactic TEVAR when com-
pared to patients who underwent TEVAR for bleeding [43]. Eventually, 
esophagectomy with curative intent could be offered following TEVAR, and some 
patients who achieved R0 resection obtained long-term survival [43]. Thus, prophy-
lactic TEVAR should be seriously considered in patients with advanced esophageal 
cancer and aortic invasion [44].

4.5  Airway Invasion

Due to the proximity with the trachea and the main left bronchus, invasion of the 
airway is common in advanced esophageal cancer [45]. Airway invasion is sug-
gested by symptoms such as coughing, dyspnea, and hemoptysis, and the diagnosis 
may be confirmed by bronchoscopy [45]. Fistulization into the tracheobronchial 
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tree is a fearsome complication, which was reported in 0.9–4.5% of patients with 
EC [46]. Risk factors of malignant esotracheal fistula include dilation of esophageal 
stenosis, esophageal stent placement, and treatment of the primary esophageal 
tumor by chemotherapy and radiotherapy. The incidence of esotracheal fistula after 
radiotherapy for EC with airway invasion ranged between 33 and 79% [47]. 
Induction chemotherapy prior to radiotherapy reduced this incidence to 6% and is 
an option that deserves consideration in this setting [48].

The major consequence of esotracheal fistula is non-resolving aspiration pneu-
monia, from either direct food ingestion or backward flow of gastric contents into 
the esophagus. Pulmonary sepsis usually leads to patient death in about 6–12 weeks 
in the absence of effective anti-tumor treatment [45].

The management of malignant esotracheal fistulas is a difficult challenge because 
the underlying cancer is invariably incurable. It is thus important to evaluate the 
stage of the cancer and define the goals of treatment according to the expected 
patient survival. Immediate management relies on nasogastric insertion to decom-
press the stomach and minimize regurgitation. Providing best supportive care only 
is a reasonable option when the estimated duration of life of the patient is less than 
12  weeks [45]. Several surgical procedures aiming at esophageal exclusion or 
bypass have been described, but their morbidity and mortality rates are excessive in 
patients with limited functional reserve. It is currently not recommended to perform 
complex surgery in palliative situations with limited life span [45]. Interventional 
endoscopy is the mainstay of esotracheal fistula treatment in patients who are in 
good clinical shape. Insertion of self-expanding esophageal metal stents (SEMSs) 
may provide rapid and effective temporary palliation although it is unlikely to seal 
completely the fistula. The use of a tracheal or bronchial stent, to cover the defect 
from the airway side, may also be effective for palliation. Tracheal stents may be 
used in conjunction with esophageal stents to increase the chances of fistula closure. 
It is recommended to place the airway stent first to prevent airway occlusion by the 
esophageal stent. Double stenting is at risk to further increase the fistula size due to 
tissue necrosis from compression of the tracheal and esophageal walls between the 
two stents. Use of Y-type silicone stents placed across the tracheal carina was effec-
tive in reducing the spillage and contamination of the lungs; the median duration of 
such stents was 4.5  months, which was consistent with the life expectancy of 
patients [49].

4.6  Conclusion

Oncological emergencies are rare in patients with esophageal cancer and have a 
strong negative impact on both short-term survival and long-term oncological out-
comes. Their management must be multidisciplinary and should take into consider-
ation the procedure-related risks, the oncological prognosis of patients, as well as 
their condition and desiderata. The place of surgery is quite limited, and interven-
tional endoscopy is currently the mainstay of treatment of esophageal oncological 
emergencies.
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Highlights
• Gastric cancer is the 6th most common cancer worldwide and the 19th most 

common cancer in the United States [1, 2].
• Gastric oncologic emergencies occur in 14.4–39.6% of presentations and typi-

cally include perforation, hemorrhage, and obstruction [3, 4].
• Perforated gastric cancer is rare, and the initial operation should focus on con-

trolling contamination to relieve peritonitis.
• Emergency presentations are associated with higher morbidity and mortality [5].

5.1  Gastric Cancer

Gastric cancer is the 6th most common cancer worldwide and the 19th most com-
mon cancer in the United States [1, 2]. Incidence is highest in East Asia, Eastern 
Europe, and South America. As the third leading cause of cancer-related deaths, 
gastric cancer is a major contributor to the global healthcare burden [1]. Males are 
disproportionately affected with global annual incidence rates approximately twice 
their female counterparts [1]. Both incidence and mortality are higher among 
African Americans, American Indians, and Hispanics [6]. The incidence and mor-
tality rates for gastric cancer have steadily declined, yet the 5-year survival rate in 
the United States is approximately 33%. Both environmental and genetic factors are 
implicated in the pathogenesis of gastric cancer. Helicobacter pylori is the most 
important risk factor for the development of gastric cancer with an associated six-
fold increased risk of gastric cancer [7, 8]. Other environmental factors associated 
with the development of gastric cancer include high nitrate and salt intake, low fruit 
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and vegetable intake, obesity, and gastroesophageal reflux [9–11]. Approximately 
10% of gastric cancer is aggregated in families, but germline mutations (CDH1) 
account for an estimated 1–3% of cases [12–14]. Emergency presentations of gas-
tric cancer can occur in as high as 39.6% of cases and typically portend a worse 
prognosis [4]. The most common gastric oncologic emergencies include perfora-
tion, bleeding, and gastric outlet obstruction.

5.1.1  Anatomic Classification of Gastric Cancer

Gastric cancer can be classified according to the anatomical location into true gas-
tric cancer and gastroesophageal junction cancer. Gastroesophageal (GE) junction 
cancer can be categorized according to the Siewert classification [15]. Siewert type 
I tumors are located between 1 and 5 cm proximal to the GE junction. Siewert type 
II tumors are located between 1 cm proximal and 2 cm distal to the GE junction. 
Siewert type III tumors are located between 2 and 5 cm distal to the GE junction. 
This classification directs the oncologic management of GE junction tumors accord-
ing to the most recent National Comprehensive Cancer Network (NCCN) guide-
lines—Siewert type I and II tumors are managed according to the esophageal 
adenocarcinoma pathway, whereas Siewert type III tumors are considered true gas-
tric cancer and should be managed as such.

5.1.2  Gastric Cancer: Diagnosis and Additional Evaluation 
in the Non-emergent Setting

Ideally, diagnosis of gastric cancer begins with a focused history and physical exam. 
In the non-emergent setting, diagnostic endoscopy is performed to identify the loca-
tion of the neoplasm and to obtain biopsies of any potentially malignant lesions. 
Standard size or large endoscopy forceps should be used to obtain 6–8 biopsies. 
Staging generally begins with chest/abdomen/pelvis computed tomography (CT) 
imaging with oral and intravenous contrast. Endoscopic ultrasound should be per-
formed to detect the depth of tumor invasion and signs of lymphatic spread. 
18-Fluorodeoxyglucose positron-emission tomography (FDG-PET) should be per-
formed in patients without radiographic evidence of metastasis. Staging laparos-
copy with cytology should be considered to evaluate for peritoneal spread in patients 
with clinical stage T1b or higher [16].

5.2  Gastric Oncologic Emergencies

Gastric cancer is typically asymptomatic or presents with vague, nonspecific symp-
toms such as dyspepsia. The presence of alarm symptoms, such as abdominal pain, 
anorexia, or weight loss, is often associated with advanced disease [17–19]. Acute, 
emergent presentations of gastric cancer include perforated gastric cancer, bleeding, 
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and obstruction. Several single-center studies have demonstrated worse outcomes 
following emergent complications of gastric cancer [3–5, 20]. A single-center study 
in Britain found that among patients requiring hospitalization for an acute gastric 
oncologic emergency, 61% had advanced disease with only 21% undergoing poten-
tially curative-intent resection. Furthermore, the 5-year survival rate for patients 
with emergent presentations was 9% [5].

5.3  Perforated Gastric Cancer

Perforated gastric cancer is a rare complication of gastric cancer. It is estimated to 
occur in 0.3–4% of cases and represents less than 1% of all acute abdomen cases 
[21–23]. Patients with perforated gastric cancer typically present with symptoms 
that are indistinguishable from perforated peptic ulcer disease, including abdominal 
pain with generalized peritonitis [24]. As such, preoperative diagnosis of malignant 
disease is difficult. Perforated gastric cancer is proven to be malignant preopera-
tively in only one-third of cases [24–26]. One systematic review identified older age 
(>65 years) as a risk factor for underlying malignancy in gastric perforations [25]. 
Another single-center study used age greater than 60 years, ulcer diameter 6 cm or 
larger, prolonged symptom duration (>20 h), and a white blood cell count of less 
than 15 × 103/μL as a possible screening tool for malignant perforation. The screen-
ing tool had a sensitivity of 53.7% and a specificity of 98.7% [27]. Intraoperative 
diagnosis can be impaired as inflammation due to peritonitis can mimic local tumor 
invasion and lymph node involvement [27]. Previous reports have estimated that 
approximately 10–16% of all gastric perforations harbored underlying malignancy 
[28]. However, a more recent study identified underlying malignancy in 8% of gas-
tric perforations [29]. Among perforated gastric cancers, tumors are typically 
located in the distal, middle, and upper third of the stomach in 45%, 42.9%, and 
12.1% of cases, respectively [30]. Histopathologic features of perforated gastric 
cancer nearly uniformly demonstrate advanced stage (stage III/IV) and higher his-
tologic grade (G3/G4) [22, 24]. Gastric cancers with perforation of the visceral 
peritoneum overlying the gastric ligaments or omentum are classified as T4 accord-
ing to the American Joint Committee on Cancer (AJCC) Eighth Edition TNM 
Staging Classification [16]. Emergent surgery for perforated gastric cancer is asso-
ciated with significantly worse outcomes than elective resection [31].

5.3.1  Management of Perforated Gastric Cancer

Clinicians should take note of environmental or familial risk factors for malignancy 
and recall the increased risk of underlying malignancy in elderly patients. Initial 
management should include resuscitation with crystalloids and initiation of broad- 
spectrum antibiotics. Per the Infectious Diseases Society of America (IDSA) and 
the World Society of Emergency Surgery (WSES) guidelines, routine empiric anti-
fungal coverage is not necessary for gastric perforations that result in 
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community- acquired peritoneal infection. WSES guidelines suggest that antifungal 
coverage should be administered for patients at high risk for fungal infection, such 
as those that are immunocompromised, at advanced age, in prolonged intensive care 
unit (ICU) stay, with multiple comorbid conditions, and with unresolved intra- 
abdominal infections. The addition of antifungal agents to patients with positive 
fungal culture with community-acquired fungal infection is controversial. However, 
in the presence of hospital-acquired fungal infection from gastric perforation and/or 
in the presence of critical illness, antifungal agents should be started [32, 33]. 
Patients that are hemodynamically unstable with generalized peritonitis should pro-
ceed to the operating room emergently for exploratory laparotomy. Radiologic eval-
uation can be considered in hemodynamically normal patients with generalized 
peritonitis. The initial goal of any surgical intervention should be to control con-
tamination and halt the peritonitis. When a diagnosis of cancer has not been made 
or is unknown, it is critical that all gastric perforations are biopsied to exclude 
malignancy. At laparotomy, the general surgeon must decide between performing 
damage control surgery and resection with reconstruction. Management of perfo-
rated gastric cancer is outlined in Fig. 5.2.

Data regarding the optimal surgical management of perforated gastric cancer is 
limited due to the low incidence of perforated gastric cancer, declining global inci-
dence of gastric cancer, and low likelihood of obtaining a malignant diagnosis pre-
operatively [1, 6, 26]. As such, consensus guidelines for the optimal management 
strategy do not exist, and there is some debate regarding the most appropriate surgi-
cal intervention. Current treatment options for perforated gastric cancer include 
simple repair of the perforation, one-stage radical gastrectomy, and two-stage radi-
cal gastrectomy. Simple repair of the perforation includes closure of the defect with 
a vascularized tissue patch (Graham patch or jejunal serosal patch) or wedge resec-
tion. Pedicled omental patches are appropriate for prepyloric and duodenal perfora-
tions. Jejunal serosal patches can be used when omental patch closure is insufficient 
or has already failed [34]. One-stage radical gastrectomy involves a formal gastric 
resection with negative macroscopic margins and formal D2 lymphadenectomy. 
During a two-stage radical gastrectomy, the first stage controls the peritonitis via 
wedge resection or partial gastrectomy and the second stage includes formal onco-
logic resection with D2 lymphadenectomy at a later date following appropriate 
staging workup. D1 lymphadenectomy includes the perigastric lymph nodes—right 
and left cardiac, lesser and greater curvature, suprapyloric, and infrapyloric. D2 
lymphadenectomy includes D1 nodes plus the nodes along the named vessels of the 
celiac axis—left gastric artery, common hepatic artery, celiac artery, and 
splenic artery.

5.3.2  Graham Patch Repair

Perforated gastric cancer was previously regarded as a terminal disease due to peri-
toneal dissemination of cancer cells. Thus, simple closure of perforated gastric can-
cer was historically the treatment of choice, but it was associated with poor outcomes 
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[22]. Closure or plication alone resulted in a 50–68% mortality rate, attributed to a 
high rate of secondary leak and inflamed, friable, tumor-infiltrated tissue [35, 36]. It 
is possible that the poor outcomes associated with simple repair include a selection 
bias as it is more likely to be performed in frail, elderly patients in poor clinical 
condition. Over the last several decades, curative-intent gastrectomy replaced sim-
ple closure and mortality rates have fallen to 7–20% [24, 37, 38]. Graham patch is 
generally reserved for prepyloric perforations due to peptic ulcer disease. However, 
in the setting of perforated gastric cancer, Graham patch repair may play a role for 
patients with hemodynamic instability, extensive peritonitis, multiple comorbidi-
ties, or known metastatic disease. The goal of the index operation is to obtain source 
control of the intra-abdominal sepsis. In hemodynamically unstable patients, this 
may require damage control surgery in which the perforation should be biopsied 
and debrided, and then Graham patched. In cases where anatomy precludes wedge 
resection (such as in distal or proximal stomach), Graham patch may also be appro-
priate. Large perforations or perforations with underlying tumors may not be suit-
able for closure via Graham patch and gastric wedge resection or partial gastric 
resection is preferable. In such cases, the definitive procedure is a partial gastrec-
tomy with either delayed or immediate reconstruction. In the hemodynamically 
unstable patient, the foregut may be left in discontinuity with a nasogastric tube in 
place for decompression, and a temporary abdominal closure can be placed enabling 
the patient to return to the ICU for ongoing resuscitation. A second-look laparotomy 
may be required, and definitive reconstruction can be performed once the patient’s 
hemodynamic status has improved. Immediate reconstruction should be performed 
in low-risk patients with stable hemodynamics.

5.3.3  Wedge Resection

Wedge gastrectomy or wedge resection can be performed in patients with larger 
perforations outside of the prepyloric region. Generally, wedge resection is pre-
ferred over Graham patch because it affords the benefit of additional tissue for 
pathologic review. The goal of wedge resection is to obtain an appropriate margin 
of healthy tissue without significantly narrowing the stomach. Wedge resection can 
be performed using a handsewn or stapled technique. A linear stapling device can 
be used to excise a triangular “wedge” of gastric tissue that contains the perforation 
and underlying mass. Alternatively, the triangular wedge is excised sharply, and the 
stomach is closed in layers.

5.3.4  Partial Gastric Resection

Upon abdominal entry, the anterior surface of the stomach should be inspected for 
perforation. Failure to identify an anterior perforation should prompt entry to enter 
the lesser sac via the gastrocolic ligament to inspect the posterior surface of the 
stomach. Many advocate for examination of the posterior surface of the stomach in 
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all gastric perforations regardless of whether anterior gastric perforation is identi-
fied. As seen in Fig. 5.1, reconstruction options following hemigastrectomy include 
gastroduodenostomy (Billroth I) and gastrojejunostomy (Billroth II or Roux-en-Y 
reconstruction). Generally, reconstruction with Billroth I avoids complications per-
taining to the duodenal stump or afferent loop. For all reconstruction techniques, the 
stomach must be mobilized liberally with division of the gastrocolic, gastrophrenic, 
and gastrosplenic ligaments. The duodenum should be circumferentially dissected 
at least 2 cm distal to the pylorus. The stomach may be transected proximal to the 
ulcer or mass to obtain negative macroscopic margins using a linear stapling device. 
The duodenum should be transected approximately 1–2 cm distal to the pylorus 
using a linear stapling device. For Billroth I reconstruction, the duodenal stump is 
anastomosed to the remnant stomach in a primary end-to-end fashion. Billroth II 
reconstruction can be performed by anastomosis of the remnant stomach to the 
proximal jejunum in an end-to-side fashion. In Roux-en-Y reconstruction, the rem-
nant stomach is anastomosed to an isoperistaltic jejunal Roux limb and an end-to- 
side anastomosis is performed between the distal Roux limb and proximal jejunum.

a

d

c

b

Fig. 5.1 Reconstruction 
options following distal 
(partial) gastrectomy. 
Intestinal continuity can be 
achieved via (b) Billroth I 
reconstruction, (c) Billroth 
II reconstruction, or (d) 
Roux-en-Y 
gastrojejunostomy. © 
2022, UpToDate, Inc. and 
its affiliates and/or 
licensors. (All rights 
reserved. Reproduced with 
permission)
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5.3.5  Radical Gastrectomy with Lymph Node Dissection

Formal gastric resection represents another therapeutic option for perforated gastric 
cancer. However, radical gastrectomy should only be performed in the rare patient 
where staging has been completed, is hemodynamically stable, and has minimal 
peritoneal contamination. There is a clear survival benefit for patients that undergo 
R0 resection for perforated gastric cancer, although most of this literature originates 
from studies in Japan, where incidence of gastric cancer is higher and routine gastric 
cancer screening is employed. In a Japanese retrospective cohort study of 514 cases 
of perforated gastric cancer, there was no significant difference in 5-year survival 
for one- versus two-stage gastrectomy when curative R0 resection was performed. 
Two-stage gastrectomy had a 78.4% rate of curative R0 resection and a hospital 
mortality rate of 1.9%. In contrast, the curative R0 resection rate and hospital mor-
tality rate for one-stage gastrectomy were 50% and 11.4%, respectively. Although 
one- vs. two-stage gastrectomy have similar 5-year survival rates for R0 resection, 
one-stage gastrectomy has lower rates of curative R0 resection and higher overall 
hospital mortality rates. Rates of D2 lymphadenectomy were also higher for the 
two-stage radical gastrectomy group [39]. Other single-center studies and system-
atic reviews have confirmed these findings [24, 36]. In general, radical gastrectomy 
with lymph node dissection in the emergency setting should only be reserved for 
only the most exceptional cases located at tertiary academic centers where a surgi-
cal oncologist is available and the patient not only has a known diagnosis of gastric 
cancer but has also completed the appropriate preoperative staging. Furthermore, 
the patient must have limited peritonitis and exceptional performance status as mea-
sured by Eastern Cooperative Oncology Group Performance Status Scale (ECOG 
PS) or Karnofsky Performance Status Scale (KPS).

5.3.6  Laparoscopic vs. Open Repair

Surgical interventions can be performed open or laparoscopically. Generally, an 
open technique via an upper midline incision is preferred for patients with unstable 
hemodynamics. Like other laparoscopic surgeries, laparoscopic repair of gastric 
perforation may be advantageous due to smaller surgical wounds, decreased postop-
erative pain, and limited intestinal manipulation. Numerous studies have evaluated 
the outcomes following laparoscopic versus open surgical treatment for perforated 
peptic ulcer disease. A 2013 Cochrane review found no significant difference in 
postoperative mortality, abdominal septic complications, number of reoperations, 
operative time, or length of hospital stay when comparing laparoscopic and open 
surgery for perforated peptic ulcer disease [40]. Similar results were described in a 
2018 meta-analysis published in Journal of Trauma, except for significantly less 
postoperative pain and fewer wound infections following laparoscopic interventions 
[41]. Laparoscopic intervention is at least non-inferior to open surgical repair of 
gastric perforations in stable patients. Further evaluation is required for certain sub-
groups including the elderly and patients with unstable hemodynamics (Fig. 5.2).
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Systemic Therapy
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Resectable Disease

Formal Oncologic
Resection

Fig. 5.2 Management of acute perforated gastric cancer

5.4  Gastrointestinal Bleeding

Acute tumor-related gastrointestinal bleeding is common in gastric cancer and 
occurs in up to 10% of cases [42]. Gastric cancer is the most common cause of 
tumor-related upper gastrointestinal (GI) bleeding and accounts for 2% of all upper 
GI bleeds [42, 43]. Patients will commonly present with hematemesis or melena. 
Initial management of bleeding gastric cancer begins with standard resuscitative 
practices including access with two large-bore IVs (14 or 16 gauge), nasogastric 
tube placement, volume resuscitation, high-dose proton pump inhibitor treatment, 
type and screen, and a restrictive transfusion strategy to maintain a hemoglobin 
level greater than 7 g/dL [44, 45]. Resuscitation with blood products should be per-
formed using balanced component therapy consisting of packed red blood cells 
(PRBCs), fresh frozen plasma (FFP), and platelets administered in a 1:1:1 ratio. 
Functional laboratory measures of coagulation may be obtained (e.g., viscoelastic 
assays) to guide ongoing resuscitation [46]. Treatments for bleeding control include 
endoscopic therapy, transcatheter arterial embolization, radiotherapy, and surgery.
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As outlined in Fig. 5.3, patients with upper GI bleeding should undergo urgent 
upper endoscopy (within 24 h of admission) and active bleeding should be managed 
with endoscopic hemostatic therapies. Recommended endoscopic hemostatic thera-
pies include bipolar electrocoagulation, heater probes, absolute ethanol injection, 
clips, argon plasma coagulation, and hemostatic powder spray TC-325. The most 
common stigmata of recent bleeding in patients with gastric cancer is oozing hem-
orrhage (Forrest 1b) [43, 47]. Ablative therapies, such as argon plasma coagulation, 
should be considered in this setting due to likelihood of extensive superficial or dif-
fuse lesions [47]. Recurrent bleeding following successful endoscopic management 
should undergo repeat endoscopy and endoscopic therapy. Failure of endoscopic 

Bleeding Gastric
Cancer

Supportic Care,
Resuscitation, &

Emergent Endoscopy

Successful
Hemostasis

Rebleeding

Repeat
Endoscopy

Continued
GI Bleeding

Continued
GI Bleeding

TAE or Radiation

Continued GI Bleeding

Open Surgical
Hemorrhage

Control

Resectable
Disease

Two-stage Radical
Gastrectomy

Unresectable or
Poor Surgical

Candidate

Wedge Resection
or Palliative
Gastrectomy

Fig. 5.3 Management of acute gastrointestinal bleeding in the setting of gastric cancer. TAE trans-
catheter arterial embolization
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hemostatic therapy should be treated with transcatheter arterial embolization by 
interventional radiology [44].

At the time of endoscopic examination, the location of the tumor and its proxim-
ity to the gastroesophageal junction should be documented for the purposes of 
future surgical planning. Standard size or jumbo endoscopic forceps should be used 
to obtain 6–8 biopsies of the lesion. Biopsies should be obtained from both the ulcer 
base and margins using the strip and bite technique to ensure that adequate submu-
cosa and muscularis propria are obtained within the histologic specimen [48]. A 
single biopsy is only 70% sensitive at diagnosing gastric cancer, but the sensitivity 
increases to 98% when seven biopsies are obtained in the fashion described above 
[49]. If bleeding is a concern, the endoscopist may consider using cytologic brush-
ings in an attempt to increase the diagnostic yield, but cytologic brushings alone are 
rarely adequate for initial diagnosis [50]. Ultimately, the endoscopist must weigh 
the risks of inducing further bleeding when considering performing tissue biopsy at 
the time of urgent endoscopy for potential tumor-related bleeding. H. pylori testing 
should also be performed at the time of endoscopic examination via biopsy urease 
test or histologic diagnosis using Giemsa or immunohistochemical staining. If 
biopsy urease test is not performed, H. pylori testing should be performed using the 
urease breath test, stool studies, or immunoglobulin assay (although positive immu-
noglobulin assays indicate prior H. pylori infection and do not confirm current 
active infection) [51–53].

Endoscopic management of bleeding gastric tumors is successful in 67–100% of 
cases, which is comparable to the success rates of endoscopic therapy for peptic 
ulcer disease [54]. Rebleeding rates are higher following endoscopic treatment of 
bleeding gastric cancer with rates ranging from 41 to 80% compared to 8–39% for 
peptic ulcer bleeding [44, 54]. Factors associated with rebleeding following suc-
cessful endoscopic therapy for bleeding peptic ulcer disease are extensively studied 
and include active bleeding on endoscopy, ulcer size >2 cm, ulcers on the lesser 
curvature, and posterior duodenal ulcers [55]. There is limited evidence regarding 
risk factors associated with gastric tumor-related rebleeding. A single-center study 
identified transfusion ≥5  units as an independent risk factor for tumor-related 
rebleeding [47]. Age ≤60 years and unstable hemodynamic status were identified in 
another study [43]. Finally, a third study found that a nonexposed vessel and tumor 
>2  cm were predictive of hemostatic failure [56]. Repeat endoscopy with endo-
scopic hemostatic therapy is effective in 89% of cases of rebleeding following ini-
tial successful endoscopic therapy for tumor-related bleeding [54, 57].

Transcatheter arterial embolization (TAE) should be used following failure of 
endoscopic hemostatic therapy. In previous studies, 22.4–50% of patients with 
tumor-related upper GI bleeding had negative angiography findings. Empiric embo-
lization of the left gastric artery and other tumor-feeding vessels was performed on 
patients with negative angiographic finding. TAE had an overall clinical success rate 
of 52–74.8%. Among patients with positive angiography findings, the success rate 
of TAE ranged from 53.8 to 100% [58, 59].

External beam radiation therapy (EBRT) can also be considered for the manage-
ment of acute and chronic gastrointestinal bleeding in the setting of advanced, 
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unresectable gastric cancer. EBRT delivered as a total of 25–30 Gy over 5–10 frac-
tions resulted in hemostasis of approximately 73% of tumor-related bleeding. 
Rebleeding occurs in approximately one-third of patients at a median of 1–3 months 
[60–63].

Surgery is rarely utilized as a method for achieving hemostasis for bleeding gas-
tric cancers. Surgery should be reserved for patients that fail endoscopic hemostatic 
treatment and transcatheter arterial embolization or for hemodynamically unstable 
patients that are nonresponsive to resuscitation. Prior to any surgery, goals-of-care 
discussions should occur and consideration for all options including palliative care, 
especially in the setting of non-curable disease. Data regarding outcomes following 
curative- and non-curative-intent surgery in the setting of bleeding gastric cancer is 
extremely limited. We propose the same damage control principles as utilized in the 
management of perforated gastric cancer. Patients with bleeding gastric cancers that 
are otherwise appropriate for curative-intent surgery should undergo initial surgery 
aimed to halt GI bleeding by means of either oversewing bleeding vessels or partial 
gastrectomy. Most bleeding gastric cancers have diffuse bleeding from ulcerated 
and friable gastric mucosa. As such, most cases will not be amenable to ligation of 
a bleeding vessel. Either wedge resection or gastrectomy is the preferred method to 
achieve surgical hemostasis. The surgical technique is similar to that discussed pre-
viously in the management of perforated gastric cancers.

5.5  Gastric Outlet Obstruction

Gastric outlet obstruction (GOO) is a late complication of advanced gastric cancer. 
GOO is defined as a blockage of the distal stomach or duodenum [64]. Typical pre-
sentations of GOO include nausea, vomiting, anorexia, inability to tolerate oral 
intake, weight loss, dehydration, and electrolyte abnormalities [65]. It is associated 
with poor nutritional status, reduced quality of life, poor performance status, and 
decreased likelihood of receiving appropriate treatment [66]. Most patients with 
gastric cancer presenting with GOO have unresectable disease with over 60% of 
patients with metastatic disease [67]. Initial management should focus on support-
ive care including crystalloid resuscitation, nil per os (NPO), nasogastric tube 
decompression, and consideration for parenteral nutrition. Current treatment options 
for gastric outlet obstruction include decompressive gastrostomy tube with feeding 
jejunostomy tube, endoscopic self-expandable metal stent (SEMS), gastrojejunos-
tomy, and palliative gastrectomy. The primary goal of treatment is to improve symp-
toms such that the patient can tolerate systemic therapy and potentially undergo 
surgery of curative intent.

The optimal management strategy for GOO is controversial. The patient’s over-
all clinical condition, ability to tolerate multimodal therapy, and likelihood of 
undergoing future curative-intent resection should be taken into consideration when 
considering treatment options. Gastrojejunostomy is the traditional treatment for 
malignant gastric outlet obstruction. Gastrojejunostomy is associated with good 
functional outcomes and relief of obstructive symptoms in 72% of cases [36, 
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68–70]. However, other reports have shown that gastrojejunostomy can be associ-
ated with morbidity rates of up to 55% [71]. SEMS insertion is being used increas-
ingly and has been shown to be a safe and effective modality for the management of 
GOO [72–74]. Comparative studies evaluating gastrojejunostomy versus SEMS for 
malignant GOO found that there was no significant difference in either the technical 
success rates, clinical improvement, or incidence of early adverse events between 
the two treatments. SEMS is associated with more rapid improvement of oral intake, 
but long-term relief is greater for gastrojejunostomy. Similarly, recurrent symptoms 
and recurrent intervention are more likely following SEMS [66–71, 75–77]. 
Figure  5.4 represents a contrast radiograph of a GOO alleviated with SEMS.  In 
patients with a good performance status (ECOG 0–1), gastrojejunostomy is associ-
ated with lower adverse events and extended survival [71]. Therefore, most experts 
recommend gastrojejunostomy and reserve SEMS for poor surgical candidates with 
limited life expectancy. Following gastrojejunostomy, completion of staging workup 
and consideration for formal oncologic resection should commence.

In advanced cases, malignant GOO cannot be alleviated or bypassed. Management 
strategies should focus on symptomatic improvement by relieving the obstruction 
and ensuring adequate nutrition. Venting gastrostomy tube placement can also be 
considered via previously described percutaneous, endoscopic, and interventional 

a

c

b

Fig. 5.4 (a) Contrast radiograph demonstrating gastric outlet obstruction. (b) SEMS placed to 
alleviate obstruction. (c) Subsequent SEMS fracture leading to recurrent symptoms
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radiology or open surgical methods [78–80]. Ascites should be drained prior to 
venting gastrostomy tube placement to reduce the risk of infection [80, 81].

5.6  Palliative Surgery for Gastric Oncologic Emergencies

In patients that cannot undergo curative-intent radical gastrectomy, palliative care 
should be initiated early during the hospital course. Early consultation with a mul-
tidisciplinary palliative care team can improve quality of life and enable treatment 
in some patients [82]. The need for palliative care is even more important as 5-year 
survival for gastric cancer is increasing, in part due to advancements in chemother-
apy, immunotherapy, and monoclonal antibodies [83–85]. Palliative management 
includes chemoradiation, systemic therapy, and palliative procedures. Indications 
for palliative care of gastric cancer include patients with unresectable, locally 
advanced, recurrent, or metastatic disease. Options for palliative surgery include 
palliative gastrectomy, gastrojejunostomy, bypass, and venting gastrostomy tube. 
Radiotherapy and endoscopic self-expandable metal stent (SEMS) are palliative 
procedures that can also be used in the setting of advanced gastric cancer. Palliative 
surgery for gastric cancer should be considered in patients with perforation, malig-
nant gastric outlet obstruction, and gastrointestinal bleeding.

There is current debate regarding the role of palliative gastrectomy for advanced 
gastric cancer. Historical reports suggested that palliative gastrectomy was associ-
ated with a 40% mortality rate with limited survival benefits [86]. Some recent stud-
ies have demonstrated immediate perioperative mortality rates of 4% following 
palliative gastrectomy [87]. Several systematic reviews and meta-analyses have 
reported significantly prolonged 1-year survival following palliative gastrectomy 
for advanced stage IV gastric cancers [88–90]. Another 2007 retrospective review 
concluded that palliative gastrectomy may be associated with improved survival in 
patients <60 years and Asian race [91]. More recently, the REGATTA trial random-
ized patients with advanced, non-curable gastric cancer to receive either chemo-
therapy alone or gastrectomy followed by chemotherapy. Gastrectomy followed by 
chemotherapy offered no survival benefit when compared to chemotherapy alone 
[92]. The role of palliative gastrectomy to improve survival remains unclear as 
many early studies did not include modern chemotherapy regimens or staging 
modalities as standard treatment. Generally, palliative gastrectomy should be 
reserved for select patients presenting with significant complications of gastric can-
cer, including perforation, bleeding, or obstruction. However, there may be a role 
for palliative gastrectomy in select young patients with good performance status and 
limited comorbid conditions, although this should occur in the setting of a multidis-
ciplinary team (e.g., tumor board), with shared patient decision-making.
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6Duodenum

Justin S. Hatchimonji, Robert E. Roses, and Jose L. Pascual

6.1  Introduction

Surgical emergencies associated with duodenal neoplasms pose a substantial chal-
lenge. In this chapter, we present an overview of common duodenal neoplasms, 
followed by a discussion of the presentation and management of three primary sur-
gical emergencies: obstruction, perforation, and bleeding.

6.2  Neoplasms of the Duodenum

6.2.1  Primary Duodenal Malignancies

Small bowel cancers are rare, contributing to an estimated 0.6% of all new cancer 
cases and 0.3% of all cancer deaths in the United States in 2021 [1]. The distribution 
of these lesions across the small intestine varies widely by histologic subtype; over 
50% of small bowel adenocarcinomas arise in the duodenum, while neuroendocrine 
tumors (NETs), lymphomas, and gastrointestinal stromal tumors (GISTs) occur less 
frequently in this location (15–20%, respectively). In contrast, most NETs arise in 
the ileum [2, 3]. Incidence of these tumors has not changed significantly over time 
[4], with the exception of a marked increase in the diagnosis of NETs over the last 
2–3 decades [3]. Overall, duodenal malignancies comprise about 25% of all small 
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bowel cancers [5]. Duodenal neoplasms may be difficult to diagnose, as they are not 
screened for routinely and often only present with nonspecific symptoms such as 
abdominal pain, nausea, vomiting, and/or indolent weight loss [6, 7]. In the emer-
gent setting, histologic subtypes may present in any fashion, but GISTs most often 
manifest with bleeding, lymphomas most commonly with perforation, and adeno-
carcinomas most often with obstruction [6].

6.2.1.1  Adenocarcinoma
The duodenum is the site of more than half of all intestinal adenocarcinomas 
accounting for nearly 60% of all duodenal malignancies [2]. A single-center series 
by Halfdanarson et al. suggested that duodenal tumors present at an earlier stage 
than jejunal or ileal tumors, likely owing to earlier onset of symptoms from higher 
flow obstruction [8]. Risk factors for small bowel adenocarcinoma include inflam-
matory bowel disease, celiac disease, and familial polyposis syndromes [9]. In the 
absence of powerful evidence supporting systemic or regional nonsurgical thera-
pies, surgical resection is often a treatment priority. Notwithstanding, many patients 
present with locally advanced or disseminated disease precluding complete resec-
tion, and a broadening experience supports first-line systemic therapy in patients 
with higher risk or metastatic disease [3].

6.2.1.2  Neuroendocrine Tumors (NETs)
Neuroendocrine tumors (NETs) of the small intestine were traditionally referred to 
as carcinoids, though the term NET is increasingly favored and encompasses both 
low-grade, more indolent tumors and higher grade lesions [10, 11]. These tumors 
account for 15–20% of primary duodenal malignancies [2, 3]. Approximately one- 
third of NETs are functional, the majority of which are gastrinomas or somatostati-
nomas [11, 12]. Risk factors for NETs include smoking, alcohol use [13], and 
multiple endocrine neoplasia type 1 (MEN-1) [14]. Endoscopic resection may be 
adequate for small nonfunctional NETs, but larger tumors and gastrinomas often 
require operative management, frequently including regional lymph node removal. 
A more permissive approach to localized NETs of the duodenum may be appropri-
ate in patients with MEN-1 who often have multifocal disease [12]. A landmark 
study on the Zollinger-Ellison syndrome demonstrated that, even among the small 
proportion of MEN-1 patients free of disease immediately after operation, almost 
all recurred at 5 years, suggesting limited impact of surgery in this population other 
than for palliation [15].

6.2.1.3  Lymphomas
Small bowel lymphomas are rare (0.2–0.5 per 100,000  in the United States) and 
primarily present in the jejunum and ileum [16] (Fig. 6.1). Lymphomas comprise 
approximately 10% of all duodenal malignancies [2, 3]. The histologic subtypes of 
duodenal lymphomas vary significantly and are beyond the scope of this chapter. 
The mainstay of first-line treatment for all small bowel lymphomas is chemother-
apy, with the notable addition of H. pylori treatment for mucosa-associated 
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Fig. 6.1 68-Year-old male 
with known duodenal 
lymphoma. CT scan shows 
the distal duodenum and a 
proximal jejunal mass with 
a mesenteric calcified 
focus next to the 
duodenum. The patient 
ultimately underwent a 
pyloric exclusion and 
gastrojejunostomy

lymphoid tissue tumors (MALTs) [17, 18]. There is a role, in selected cases, for 
surgical palliation of symptoms or to improve candidacy for systemic therapy [6].

6.2.1.4  Gastrointestinal Stromal Tumors (GISTs)
GISTs are the most common GI sarcoma and are more commonly diagnosed 
through increased recognition over the past two decades [19]. Approximately 28% 
of all GISTs are located in the small intestine; a quarter of these arise in the duode-
num. Six percent of duodenal malignancies are GISTs [2, 19]. Surgical resection is 
the treatment of choice for localized disease; negative margin resection is the goal. 
Lymphadenectomy is unnecessary as GISTs rarely metastasize to lymph nodes, and 
this may allow for more conservative surgical approaches. The tyrosine kinase 
inhibitor imatinib is active against the majority of GISTs and may be indicated in 
the adjuvant and/or neoadjuvant setting [20].

6.2.2  Benign Duodenal Neoplasms

Benign neoplasms including lipomas, adenomas, leiomyomas, and other entities are 
relatively uncommon in the duodenum. They are often incidental findings or present 
with nonspecific symptoms of abdominal pain, nausea, and/or vomiting. Adenomas 
are the most common of benign lesions. While periampullary location may 

6 Duodenum



78

complicate treatment approaches, many of these tumors can be managed with endo-
scopic or limited operative resection [21, 22].

6.2.3  Extension of a Pancreatic Malignancy

Pancreatic malignancies may infiltrate or compress the duodenum. Pancreatic can-
cer accounts for 3% of all new cancer cases and 8% of cancer deaths [1]. Up to 80% 
of patients with pancreatic cancer present with metastatic or locally advanced dis-
ease; 10–25% of patients develop symptoms of duodenal or gastric outlet obstruc-
tion at some point in their course [23]. The treatment for duodenal obstruction 
traditionally included operative gastrojejunostomy [24], but advances in endoscopic 
approaches have afforded alternatives including plastic or self-expanding metal 
stents [25] (Fig. 6.2). Decompressive gastrostomy tubes placed in surgery, by endos-
copy, or by interventional radiology may also provide palliation in patients with 
particularly poor prognoses [23].

Fig. 6.2 CT scan 
tomogram from a 
70-year-old male who 
presented acutely 
obstructed at the distal 
duodenum from an 
adenocarcinoma. Note the 
distended duodenum and 
stomach. The patient 
ultimately underwent 
resection with 
duodenojejunostomy 
anastomosis
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6.2.4  Metastatic Disease to the Duodenum

Metastatic disease to the small bowel is relatively rare. Melanoma is the most com-
mon malignancy to metastasize to the gastrointestinal tract; the stomach or duode-
num is involved in 5–50% of these cases [26, 27]. Other potential primary cancers 
to metastasize to the duodenum include colon, lobular breast, pancreatic, lung, and 
renal cell carcinomas [7]. Similarly to primary duodenal tumors, metastases may 
present with obstruction or bleeding, though the latter is uncommon [28, 29].

6.3  Surgical Emergencies

6.3.1  Intestinal Obstruction

6.3.1.1  Presentation
Patients presenting with an obstructing mass in the duodenum may manifest a com-
bination of abdominal pain, bloating, and vomiting [30]. The likelihood of an 
obstructive presentation is dependent on the type and location of malignancy; for 
example, about 25% of duodenal adenocarcinomas present with obstruction, but 
this is less common if the tumor is located near the ampulla [31]. Vomiting is a 
hallmark of obstructive presentations, occurring in up to 80% of patients [32], and 
may be large volume and projectile in nature [33]. A shorter duration and rapid 
progression of abdominal pain may indicate a benign etiology rather than malig-
nancy [32], and pain associated with peptic stricture may be more colicky in nature 
[33]. Weight loss is commonly endorsed by patients with gastroduodenal malig-
nancy that has been present long enough to cause obstruction [32].

6.3.1.2  Physical Exam and Laboratory Findings
On examination, patients with a duodenal obstruction may display vague epigastric 
tenderness. A “succussion splash,” or a splashing sound audible through a stetho-
scope when the abdomen is rocked or tapped, may be present, indicating gastroduo-
denal accumulation of contents. Mild diffuse abdominal distention may be present, 
though this is unlikely to be diffuse as the distal bowel will be decompressed. 
Patients may appear dehydrated or malnourished. If patients have been vomiting, 
laboratory examination may reflect hypokalemia and/or a hypochloremic metabolic 
alkalosis [34, 35].

6.3.1.3  Imaging
A variety of imaging techniques may demonstrate the gastric outlet obstruction 
resulting from a duodenal mass. Plain-film X-ray may reveal a “double-bubble” 
sign indicating a distended stomach adjacent to a distended duodenum [36]. 
Similarly, a fluoroscopic upper GI series may demonstrate partial or complete 
obstruction at some segment of the duodenum. However, most commonly, a com-
puted tomography (CT) scan is readily available and used to make the diagnosis of 
an obstructive duodenal mass. Computed tomography offers several imaging 
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characteristics that may help differentiate the various types of duodenal masses. 
GISTs are often relatively large, lobular, well-circumscribed, vascular masses [37], 
while lipomas have the appearance (density) of fat and often appear intraluminal on 
imaging due to their size despite their submucosal location [38]. Adenocarcinomas 
may have an “apple-core” appearance with associated narrowing or thickening of 
the duodenal wall, with or without ulceration or invasion into adjacent structures. If 
there is question as to the extent of local invasion of adjacent structures or encase-
ment of vessels, or if the lesion is periampullary, an MRI can be helpful [39]. NETs 
tend to occur in the proximal portion of the duodenum (first or second segments) 
and appear as focal intraluminal masses [40]. In the setting of clinical intestinal 
obstruction, it may be useful to perform a CT of the abdomen with oral contrast to 
radiographically evaluate for complete or partial obstruction. Oral contrast should 
be preferentially administered via a nasogastric tube and subsequently followed 
with rapid evacuation to avoid high-volume emesis and aspiration.

6.3.1.4  Management
As in any case of gastrointestinal obstruction, a nasogastric tube for gastric decom-
pression is warranted. Electrolyte abnormalities (particularly Mg2+, Ca2+, PO4−, and 
K+) as well as volume depletion should be aggressively corrected. Surgical manage-
ment should focus on both decompression and restoration of gastrointestinal conti-
nuity, with or without resection of the primary lesion. If the patient’s condition 
allows for pathologic diagnosis and oncologic staging, resection may be indicated, 
and if the patient is safely able to tolerate a definitive operation, an oncological 
operation should be performed. Otherwise, palliative surgical management with 
gastrojejunal bypass is often the chosen approach. If the latter is performed, it is 
important that the patient be maintained on acid-suppressive therapy postopera-
tively [30]. If bypass is not feasible, gastrostomy tube placement for drainage with 
or without a jejunostomy tube for feeding may be helpful. Alternatively, endoscopic 
stenting of the duodenal obstruction can be considered [41] (Fig. 6.3). This approach 
is best suited for patients with extremely poor prognosis and life expectancy 
(<6 months), including those with widely disseminated metastatic disease upon pre-
sentation. Duodenal stenting is not without complication risk, as stents may migrate 
or cause perforation or bleeding, or may also obstruct [23, 25, 42]. Depending on 

Fig. 6.3 Commercial 
biliary stent most often 
inserted endoscopically or 
through interventional 
radiology approaches. 
[Courtesy of Cook Medical 
LLC. (With permission)]
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the patient and expected survival, these risks may be mitigated through the use of 
diverse types of stents (i.e., covered vs uncovered) [43].

A subset of patients presenting with duodenal obstruction deserve special con-
sideration: those with some concurrent degree of biliary obstruction. These patients 
may additionally and/or concurrently require a biliary bypass (thus a “double 
bypass”) with a Roux limb anastomosed to both the bile duct and the stomach [24]. 
Outcomes for gastrojejunostomy with or without biliary bypass are reasonable 
given the often debilitated and malnourished nature of this patient population; how-
ever, this procedure has definite inherent risks. An analysis of the American College 
of Surgeons National Surgical Quality Improvement Project (ACS NSQIP) data 
from 2005 to 2011 identified a 20% 30-day morbidity rate when this operation was 
undertaken for patients with unresectable pancreatic cancer. This was found to be 
higher than in patients who underwent laparotomy alone, though no difference in 
mortality was detected, reflecting the grave prognosis for most patients with unre-
sectable periampullary cancer [44]. Unsurprisingly, emergent operation was associ-
ated with increased morbidity [45].

6.3.2  Duodenal Perforation

6.3.2.1  Presentation
Perforation of a duodenal malignancy may occur after an extended period of 
obstruction, from an aggressive necrotic tumor and/or in the context of neoadjuvant, 
adjuvant, or palliative therapy (i.e., radiation or chemotherapy). Patients that develop 
a perforation present with sudden onset of severe epigastric pain and/or diffusely 
throughout the abdomen, particularly if it involves the intraperitoneal portion of the 
duodenum. Conversely, a retroperitoneal or contained duodenal perforation may 
present with more indolent and subtle symptoms including malaise, nausea/vomit-
ing, and fever. Patients with intraperitoneal perforations presenting soon after onset 
may have more localized pain; if later, pain may be more diffuse. The pain may 
radiate to the right shoulder secondary to irritation of the right diaphragm from 
accumulating of subdiaphragmatic succus or gastric contents [46]. In some cases, 
perforations may remain contained or “self-sealed,” in which case the pain may 
actually diminish with time and be nearly resolved upon presentation. Patients may 
also report a history of weight loss or food intolerance leading up to the acute pre-
sentation [47]. In the case of an actively treated duodenal malignancy, perforation in 
this setting may result from tissue necrosis occurring secondary to treatment (i.e., 
following chemotherapy for lymphoma) [48].

6.3.2.2  Physical Exam and Laboratory Findings
Patients can exhibit abdominal tenderness, with or without peritonitis (including 
guarding and rebound tenderness). Depending on the duration of symptoms, this 
may be accompanied with signs of sepsis and shock, including fever, tachycardia, 
hypotension, and hyperlactatemia [47]. It is worth noting, however, that these are 
the signs and symptoms of any free intraperitoneal perforation, including that of the 
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stomach and colon. Given that the duodenum is, in part, a retroperitoneal structure, 
some perforations may be contained and not cause peritonitis [49].

Laboratory workup should include a complete blood count, looking in particular 
for a leukocytosis, and a lactic acid elevation, particularly for patients who are clini-
cally in shock. In those with an unidentified etiology for hollow viscus perforation, 
studies for other potential causes (i.e., H. pylori, gastrin levels) may be helpful, 
though these are less useful in the setting of known malignancy [47]. If malignancy 
is suspected based on history or imaging at the time of presentation, tumor markers 
such as CEA and CA 19-9 can be obtained to guide future surveillance [31].

6.3.2.3  Imaging
Upright or lateral decubitus abdominal radiographs may demonstrate pneumoperi-
toneum, though the sensitivity of this finding is less than 80% [46]. While in some 
cases such findings in themselves may be sufficient to proceed directly to laparot-
omy, in the absence of extreme hemodynamic instability and when at a center with 
rapid access to cross-sectional imaging, it is reasonable to obtain a CT scan to help 
rule out other sources of hollow viscus perforation and to help plan the operative 
intervention [50]. In the setting of perforation, a discrete tumor may not always be 
identifiable on CT imaging, but if a tumor is visible, adenocarcinoma will most 
often appear as a focal area of wall thickening. GISTs, on the other hand, will appear 
as exophytic masses with heterogeneous enhancement with or without ulceration, 
while lymphomas will appear with homogenous enhancement and may have clear 
lymph node involvement [50]. Even small bubbles of gas surrounding any mass 
suggests perforation, as does extravasation of an oral contrast agent [47]. Other 
findings suspicious for perforation include mesenteric fat stranding locally, bowel 
wall thickening, or bowel wall discontinuity [51]. Live fluoroscopic examination 
may be useful, but more time consuming than CT imaging, which has a sensitivity 
of 96% or greater for the diagnosis of hollow viscus perforation [52]. Albeit less 
sensitive, abdominal sonography may be useful in detecting free fluid [53].

6.3.2.4  Management
Broad-spectrum antibiotics should be administered early as mortality in septic 
shock rises steadily for every hour delay in antibiotic administration [54]. The 
patient should be resuscitated promptly while awaiting definitive management. This 
should continue intraoperatively and not delay surgical intervention which, if pos-
sible, should involve resection of the tumor. However, the indications to resect in the 
setting of perforation may be limited, particularly with a mass of unknown pathol-
ogy or in the setting of extraduodenal extension or distant metastasis. Even when 
technically feasible, malnutrition, hemodynamic instability, and organ dysfunction 
(e.g., worsening acute kidney injury) represent relative contraindications to a more 
extensive resection [55, 56].

Intraluminal content spillage and contamination must be controlled early, even 
though definitive management may be delayed for a subsequent intervention (“dam-
age control”) [57]. Definitive management of duodenal perforations can be achieved 
by primary closure and/or omental flap or patch (Cellan-Jones or Graham patch) 
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[58, 59]. This is traditionally done via laparotomy but is increasingly being done 
laparoscopically in those familiar with the technique and in stable patients [60]. 
When the tumor itself perforates, these approaches often fail as the tissue is tenuous 
and will not hold stitches. In this case, alternative surgical management is required, 
and exclusion and bypass may be necessary. Pyloric exclusion involves closing the 
pylorus (either internally through a gastrotomy or by stapling externally across) and 
restoring bowel continuity with a gastrojejunal bypass [58, 61]. There is little data 
supporting this technique in the setting of perforated malignancy, and the benefit of 
pyloric exclusion in traumatic injury has also been called into question [62]. 
Notwithstanding, the significant challenges associated with a perforated duodenal 
tumor sometimes necessitate creative solutions including closure, reinforcement 
with vascularized tissue, exclusion, bypass, or duodenal drainage [63]. The latter 
can sometimes be accomplished with placement of a distal jejunostomy tube 
directed retrograde accompanied by extraluminal drains around the perforated 
bowel segment. Additionally, in the setting of failed attempt at closure or patch of a 
duodenal leak, percutaneous transhepatic biliary drainage may be helpful to 
divert bile.

6.3.3  Duodenal Bleeding

6.3.3.1  Presentation
Patients presenting with bleeding duodenal lesions may manifest similar signs and 
symptoms as those with any upper gastrointestinal bleed including those of simple 
peptic ulcers. They may present with a primary complaint of hematemesis and/or 
melena or experience symptoms of hypovolemia, such as lightheadedness. Most 
often, bleeding is slow, and occult and microcytic anemia is the only indication [64]. 
Melena is a somewhat sensitive sign, as it may reflect as little as 100 mL of luminal 
bleeding. Hematochezia may also be present, particularly if the bleed is brisk [53]. 
Importantly, patients may suffer an intraperitoneal or retroperitoneal duodenal bleed 
and never display findings of intraluminal blood [48]. Bleeding is a more common 
presenting symptom in patients with GISTs, as compared with other tumors [6].

6.3.3.2  Physical Exam and Laboratory Findings
On examination, patients will often have painless bleeding with hematemesis, 
melena, or hematochezia per rectum as described above. If the hemorrhage is brisk, 
the patient will also demonstrate signs of hemorrhagic shock with signs of volume 
depletion, such as pallor and cool, clammy extremities [65]. Vital signs may reveal 
tachycardia with or without hypotension, depending on the class of shock [66, 67]. 
It is important to realize that hypotension may not manifest until 30% of the patient’s 
blood volume has been lost, otherwise termed class III or IV hemorrhagic shock 
[67]. Urine output may be decreased [68]. Laboratory examination is likely to show 
a low hemoglobin, though it may be normal initially. Other laboratory evidence of 
ongoing bleeding may include acute kidney injury with increased creatinine and 
electrolyte derangements [65]. In the setting of an acute bleed, anemia will more 
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likely be normocytic, while in the setting of chronic low-grade bleeding, the anemia 
will be microcytic as with iron deficiency [68]. Additional laboratory abnormalities 
may include elevations in lactate, secondary to tissue hypoperfusion [67].

6.3.3.3  Imaging
As in the case of any upper gastrointestinal bleed, diagnosis and management 
mostly occur in parallel. Often, the preferred initial maneuver (after resuscitation) is 
upper endoscopy, as this can be both diagnostic and therapeutic [53]. Alternatively 
when endoscopy is not available or bleeding is too profuse to allow proper endo-
scopic visualization, CT angiography (CTA) is a rapid and often very accessible 
option. Though not the traditional first-line investigative option, CTA sensitivity and 
positive predictive value have improved, and this may be a reasonable place to start 
in the absence of other options [53]. In this context, oral contrast (i.e., Gastrografin) 
should be avoided in favor of intravenous contrast alone [69]. The sensitivity of 
CTA in gastrointestinal bleeds is about 50%, with a slightly greater sensitivity for 
acute as opposed to chronic bleeds [70]. Data on tumor hemorrhage in particular is 
sparse, but for all GI bleeds, a minimum hemorrhage rate of 0.3–0.5  cc/min is 
required for CTA detection [71]. Other modalities for detection of upper GI bleed-
ing include visceral angiography, which also detects bleeding at the same rates [72], 
and nuclear scintigraphy, which is significantly more sensitive (minimum bleeding 
rate detection at 0.02–0.05 cc/min) but not offering much utility in the setting of a 
bleeding duodenal mass that is likely visible on endoscopy [73].

6.3.3.4  Management
As with any GI bleed, the first priority is prompt evaluation of hemodynamic status, 
remembering that the airway may be in jeopardy in the patient with active hemateme-
sis and may need to be secured prior to further management. Particularly in the 
setting of acute hemorrhage and significant volume loss, ensuring adequate intrave-
nous access is essential to allow for resuscitation [53, 64]. Importantly, there is 
some evidence that a restrictive transfusion strategy (transfusion trigger 7 g/dL) is 
associated with better outcomes than a liberal transfusion strategy (9 g/dL), even in 
upper GI bleeding patients [74]. Another randomized study demonstrated similar 
outcomes between transfusion thresholds of 8 g/dL and 10 g/dL, suggesting that at 
a minimum, a restrictive strategy may be safe [75]. For patients in acute hemor-
rhagic shock, permissive hypotension may result in less blood products transfused 
and may confer a survival benefit [76]. Coagulopathy should be corrected promptly. 
There is controversy regarding the use of tranexamic acid (TXA) in the setting of 
upper GI bleeding. Though there have been meta-analyses suggesting some benefit 
for GI bleeding in general (upper and lower, primarily upper in the included studies) 
[77, 78], the HALT-IT trial, an international, randomized, placebo-controlled trial in 
upper GI bleeds, found no benefit [79].

After stabilization, the primary goal should be nonoperative management of 
acute bleeding, in an attempt to temporize and ultimately plan an elective definitive 
operation (if indicated) [61]. As noted above, the first step in this process should be 
an upper endoscopy, not only to identify the site of bleeding but also to attempt to 
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achieve hemostasis through the use of endoscopic clipping, submucosal epineph-
rine injection, cautery, or application of topical hemostatic agents [61, 80].

Endoscopic management of recurrent duodenal tumor hemorrhage can be enter-
tained, but no data exists to support or recommend it. One might, however, extrapo-
late from bleeding ulcer data, which suggests that repeated attempts at endoscopic 
management may be beneficial [81]. When the bleeding surface has high-risk fea-
tures (i.e., exposed vessel) or when there is a diffuse area of devitalized necrotic 
tissue, trans-arterial embolization may be the more ideal method for definitive 
bleeding control [61, 82, 83]. It is worth noting that, although rebleeding rates are 
high, in the short term, bleeding often either stops with endoscopic intervention or 
is self-limited [84]. This gives providers time to develop more appropriate long- 
term strategies, which may include up-front surgical resection in oncologic fashion 
or neoadjuvant treatment, which may in itself help ameliorate bleeding [85]. In the 
case of unresectable tumors, nonoperative management strategies may help with 
both tumor shrinkage and palliation of bleeding. These may include imatinib for 
GISTs [86] or radiation for other malignancies [87].

6.4  Special Considerations

6.4.1  Metastatic Disease

In certain cases, the surgical emergency may be the index presentation of the 
patient’s malignancy. In some, gross metastatic disease may be readily apparent, 
either on preoperative imaging or intraoperatively. Surgical management of the 
acute issue should not deviate from the approaches described above in the face of 
metastatic disease. Bleeding must be controlled, perforation must be managed, and 
obstruction must be relieved. However, the presence of metastatic disease warrants 
an up-front goal-of-care discussion and might favor less invasive modalities for 
definitive management. For example, an obstruction that might have been manage-
able with a distal gastrectomy might be better managed with a gastrojejunostomy or 
a duodenal stent [25, 42, 43]. As discussed above, bleeding may better be managed 
directly with angioembolization [82, 83]. Perforation, in many cases, will mandate 
operation regardless of cancer stage; however, every attempt should be made to 
limit intervention in cases when operation is not expected to prolong life [61].

6.5  Anatomic Considerations

6.5.1  Involvement of the Ampulla

Surgical emergencies of the duodenum may be complicated by involvement of the 
ampulla of Vater. In cases of tumor bleeding or perforation involving the ampulla or 
periampullary duodenum, the approach should be the same as for metastatic dis-
ease. Less invasive or complex options are preferred, as outcomes from emergent 
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pancreaticoduodenectomy are poor, with perioperative mortality that varies by indi-
cation but may be as high as 20% and a complication rate of 90% [88, 89]. In the 
case of bleeding, endoscopic or interventional radiology management should be 
used, and in the case of perforation, exclusion and bypass should be favored over 
oncologic resection [61].

Decision-making may be slightly more complex in the case of an obstructing 
ampullary tumor, mandating some attention to the bile duct. Indeed, as described 
earlier, biliary obstruction is a common presentation of duodenal and pancreatic 
head malignancies, with 70% of pancreatic cancers presenting with jaundice [90, 
91]. As noted above, both duodenal stents [92] and biliary stents [91] are well- 
accepted options if the tumor is unresectable (Fig. 6.4).

6.5.2  Enteric Access

If in the operating room for one of the above surgical emergencies, one should con-
sider placing enteral access (i.e., jejunostomy tube) prior to closing the laparotomy. 
This is particularly true for the patient undergoing operation for duodenal obstruction 
as there is a significant incidence of delayed gastric emptying after palliative gastro-
jejunostomy [93]. This evidence has been used by some to advocate the use of stent-
ing over gastrojejunostomy [94, 95], but in cases where the decision has already been 
made to perform an operation, a jejunostomy tube may make sense. On the other 
hand, more recent literature suggests important morbidity from prophylactic jejunos-
tomy tube placement [96], both following pancreaticoduodenectomy [97, 98] and 
after resection for gastric cancer [99]. It is unclear, however, whether these data make 
a legitimate argument against jejunostomy tube placement once already in surgery, 
as there may be confounding by indication in that surgeons may opt to place a tube 
in sicker and more frail patients. The issue remains controversial, but there is likely 
a population of patients for whom a feeding jejunostomy should be considered.

Fig. 6.4 64-Year-old male 
with duodenal GIST 
encasing the kidney and 
inferior vena cava who 
subsequently underwent 
gastrojejunostomy and 
pyloric exclusion
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6.5.3  Goals of Care

Patients presenting with duodenal surgical emergencies are at high perioperative 
risk and are often found to have advanced disease. In general, emergency surgery 
carries a significantly greater mortality (12.5% vs. 2.7%) and morbidity (32.8% vs. 
12.7%) risk than elective general surgery [100]. Data on oncologic surgical emer-
gencies is limited, but these risks are likely even higher in patients with malignan-
cies [101]. Beyond the perioperative phase, one must also consider the patient’s 
long- and short-term prognosis prior to undertaking surgical intervention. Adequate 
communication regarding goals of care with the patient and his/her loved ones prior 
to major surgery has long been problematic [102], particularly in emergency sur-
gery [103], but is of utmost importance [104]. A frank preoperative discussion 
should occur between the surgeon, patient, oncologist when possible, and family 
where the risks, prognosis, and goals of care are explicitly stated and all questions 
answered.

6.6  Conclusion

A variety of duodenal malignancies may present with obstruction, perforation, or 
bleeding, requiring prompt resuscitation and consideration of operative or nonop-
erative interventions. While general principles are largely similar to those applica-
ble in non-oncologic emergency surgery, the extent of disease, prognosis, preexisting 
conditions and nutritional status, long-term treatment plan, and the patient’s goals 
of care may complicate decision-making. Careful consideration will be needed to 
proceed to optimal surgical care individualized to the patient, the tumor, and the 
complication.
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7Emergency Presentation of Small Bowel 
Tumours

Ian Stephens, Michael Sugrue, and Brendan Skelly

Tumours of the small intestine are a rare group of diverse neoplasms, which present 
in myriad, non-specific patterns. Both benign and malignant tumours may present 
as acute surgical emergencies, typically with gastrointestinal bleeding, obstruction, 
intussusception, and/or perforation. The emergent treatment of small bowel tumours 
depends on the pattern of presentation, underlying histological subtype, and patient 
factors.

7.1  Aetiology

Despite accounting for over 75% of the length of the gastrointestinal tract, collec-
tively malignant small bowel tumours account for 2% of cancers of the alimentary 
system [1]. More than 40 histological subtypes of small intestine tumours have been 
described. Adenocarcinoma, neuroendocrine tumours, sarcomas, and lymphomas 
are the four most common (see Table 7.1). Even with increasing incidence in the 
USA and Europe, age-standardised incidence rates remain low at 5.7 per 1,000,000 in 
Europe [2].

Adenocarcinoma accounts for 36.9% of small bowel malignancy in the USA [3]. 
The duodenum is the most prevalent site with recent cohort studies showing it to 
account for 60.6% of cases, with near-even distribution of the remainder between 
jejunum (20.7%) and ileum (18.7%). It is commonly associated with genetic cancer 
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Table 7.1 Tumour subtypes

Histological subtype Portion of cases Portion of cases by site
Neuroendocrine tumour 37.4% Duodenum 16%

Jejunum 15%
Ileum 57%

Adenocarcinoma 36.9% Duodenum 59%
Jejunum 42%
Ileum 15%

Lymphoma 17.3% Duodenum 10%
Jejunum 22%
Ileum 17%

Gastrointestinal stromal tumour 8.4% Duodenum 6%
Jejunum 16%
Ileum 4%

Other Duodenum 9%
Jejunum 5%
Ileum 4%

predisposition syndromes such as Lynch syndrome, familial adenomatous polypo-
sis, and Peutz-Jeghers syndrome [4]. Coeliac disease confers an increased risk, with 
absolute risk estimated at 0.06 [5] to 0.65% [6] for affected individuals. Likewise, 
Crohn’s disease demonstrates an increased incidence, estimated at 0.2 per 1000 
patient years with both site and duration of disease affecting risk [7]. Predisposing 
risk tends to result in lower age of presentation, with most cases arising in 
50–70-year-olds.

Increasing incidence of midgut small bowel (jejunal and ileal) neuroendocrine 
tumours (NETs) has led to them overtaking adenocarcinoma as the most common 
subtype of small bowel tumour in the USA, accounting for 37% of cases [3]. Small 
bowel NETs are epithelium tumours characterised by neuroendocrine differentia-
tion, which can secrete functional amines or neuroendocrine hormones. In over 
20–56% of cases, they are multifocal [8, 9].

The gastrointestinal tract is the most common site of extranodal presentation of 
non-Hodgkin’s lymphoma (NHL), accounting for 4–12% of NHL cases in the UK 
and 18–24% of small bowel malignancy. Diffuse large B cell lymphoma is the most 
common subtype, ahead of extranodal marginal zone B cell lymphoma of mucosa- 
associated lymphoid tissue (MALT) [10].

Gastrointestinal stromal tumours (GISTs) arise from the interstitial cells of Cajal, 
which act as smooth muscle pacemaker cells, controlling gut peristalsis. They clas-
sically develop due to gain-of-function mutations in the tyrosine kinase receptor 
c-KIT (80%) or PDGFRα genes [11]. They account for 8.4% of small intestinal 
tumours, most commonly arising in the jejunum and ileum [3].

The small intestine may be involved as a metastatic site of primary malignancies, 
either with extraluminal involvement such as with peritoneal carcinomatous or by 
haematogenous spread from melanoma, sarcoma, breast, or colon cancer.
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7.2  Emergency Presentation

Small bowel tumours have an indolent onset, often resulting in late presentation. 
Symptoms are non-specific and include abdominal pain, nausea and vomiting, anae-
mia, and weight loss. However, they can present acutely with obstruction, perfora-
tion, and gastrointestinal bleeding [12, 13]. Historically, small bowel obstruction in 
the virgin abdomen raised concern of small bowel tumours; they are in fact identi-
fied in only 4% of such cases, with adhesions accounting for 62% [14].

Data on the percentage of small bowel tumours that present as emergencies is 
limited. Most case series or cohorts examine a histological subset or emergency 
presentation as an isolated entity. Tumours present most commonly with acute 
haemorrhage, and obstruction occurs more commonly than perforation [15–17]. 
The exact patterns of presentation depend on underlying histopathology. In a case 
series of 34 patients presenting as acute emergencies across a 10-year period, 44% 
of patients presented with obstruction, 32% with perforation, and 24% with bleed-
ing. All the patients with acute haemorrhages had underlying stromal tumours, most 
perforations were lymphomas (88%), and all carcinoid tumours presented with 
obstruction [12].

Up to 35% of small bowel NETs present acutely: 80% of these present with 
obstruction, 3% with ischaemia, 3% with intussusception, and 9% with pain. 
Compared to other small bowel tumours, they rarely present with acute haemor-
rhage [18]. An estimated 20–56% of small bowel NETs are multifocal at presenta-
tion [9]. Carcinoid syndrome is a unique feature of NETs. It is characterised by 
flushing, diarrhoea, and bronchospasm. It is typically a late feature, suggestive of 
metastatic disease.

Outside of limited case reports and small patient series, there is a lack of data 
surrounding the acute presentation of adenocarcinoma. Between 52 and 64.7% of 
small bowel adenocarcinomas occur in the duodenum and can present with a broader 
symptom complex including gastric outlet obstruction and biliary obstruction as 
well as perforation, bleeding, and obstruction seen with jejunal and ileal tumours 
[19, 20]. Duodenal and periampullary tumours are complex, often requiring special-
ist endoscopic and/or interventional radiology interventions, which in many coun-
tries are not located outside of specialist centres.

A report on the Dutch GIST registry reports 19% of small bowel GISTs having 
required emergency surgery for ileus, perforation, or gastrointestinal haemorrhage. 
When operated on emergently, 23% of patients had R1 or R2 resection [11]. A fur-
ther case series investigating emergency presentation of GISTs—of which the pri-
mary site was stomach in over 50%—reported GI bleeding as the most common 
reason for emergency presentation (48.9%). Interestingly, of this cohort, 15.2% pre-
sented with intraperitoneal haemorrhage as opposed to intraluminal, 28.3% pre-
sented with intestinal obstruction, and 7.6% with perforation and peritonitis [21]. 
When compared to non-bleeding GISTs, bleeding appears to be a protective factor 
for GIST recurrence, as well as a predictor for smaller tumours and longer relapse- 
free survival [22].
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Contemporaneous review suggests that emergency surgical intervention is 
required in 11–64% of primary intestinal lymphomas, with rates of perforation of 
1–25% and gastrointestinal bleeding a feature in 2.2–22%. Obstruction was esti-
mated to occur in 5–39% of intestinal NHL [10] cases. A further case series of 82 
patients across 15  years at a single centre reported tumour complications as the 
indication for surgery in 38 cases with 18 operated on for perforation, 14 for obstruc-
tion, and 6 for bleeding [23]. See Table 7.2.

Metastatic small bowel tumours or extraluminal peritoneal carcinomatous may 
also present as an emergency. Classically, gastrointestinal metastases from cutane-
ous melanoma present with acute haemorrhage; however, they may also present 
with abdominal pain and obstruction [24].

For patients presenting with acute haemorrhage or peritonism due to obstruction, 
ischaemia, or perforation, definitive histological diagnosis will often follow surgical 
intervention. Despite this, understanding the patterns associated with each pathol-
ogy is important to the diagnostic and surgical approach. The non-specificity and 
vagueness of symptoms at early stages warrant consideration of axial imaging for 
patients even without overt signs, especially in high-risk patient cohorts such as 
coeliacs, Crohn’s disease, cancer predisposition syndromes, and those with previ-
ous carcinoma. Identification of a small bowel tumour on axial imaging should 
prompt a skin survey and a carefully considered history of risk factors, carcinoid 
symptoms, and B symptoms.

Table 7.2 Presentation patterns

Histological subtype
Emergency 
presentation Pattern of presentation

Overall Haemorrhage 23–41%
Obstruction 22–26%
Perforation 6–9%

Neuroendocrine tumour 35% Obstruction 80%
Pain 9%
Ischaemia 3%
Intussusception 3%

Adenocarcinoma Limited data Biliary obstruction (duodenal)
Gastric outlet obstruction (duodenal)
Perforation
Haemorrhage
Obstruction
Intussusception

Lymphoma 11–64% Perforation 1–25%
Obstruction 5–39%
Bleeding 2.2–22%

Gastrointestinal stromal tumour 19% Gastrointestinal bleeding 48.9%
Intraperitoneal haemorrhage 15.2%
Obstruction 28.3%
Perforation 7.6%
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7.3  Initial Management and Diagnosis

Initial patient management in the emergency department should focus on resuscita-
tion, analgesia, and early identification and treatment of sepsis with appropriate 
broad-spectrum antibiotics. For bleeding patients and those with obstructive symp-
toms, early transfusion of blood products and insertion of a nasogastric tube for 
decompression, respectively, should be considered.

In rare occasions, patients may not respond to resuscitation due to ongoing acute 
haemorrhage or established peritonism with septic shock and multiorgan failure. 
For these cases, prompt involvement of anaesthesia and critical care is essential. 
With due consideration for patient factors including age, comorbidity, and frailty, a 
diagnostic laparotomy for haemorrhage or source control may be warranted in those 
patients that cannot be stabilised. In the responsive patient, choice of axial imaging 
should be guided by the clinical picture.

7.3.1  Radiology

In a patient with haematemesis, melaena, or fresh blood per rectum when gastros-
copy either has been completed or is not indicated, plain abdominal X-ray offers 
little, and computer tomography angiography (CTA) of the abdomen and pelvis 
should be undertaken with IV contrast. On probability, the colon and stomach are 
the more likely source sites than small intestine. In the 5–10% of cases whereby a 
bleeding point in the stomach or colon is not identified on bleeding study, or first- 
line endoscopic investigations (gastroscopy, sigmoidoscopy, or colonoscopy), and 
the patient has been stabilised, consideration can be given to radionuclide scanning 
with technetium sulphur colloid or 99mTc pertechnetate-labelled red cells, though 
they add little in the initial acute emergent setting. These scans require a minimum 
rate of 0.1–0.5 mL/min to detect bleeding. The usefulness of these investigations 
has been questioned by several studies, which have shown a trend towards high 
incorrect positive rates (10%) or incorrect identification of bleeding site [25–28]. 
Similarly, small bowel capsule endoscopy and/or double-balloon enteroscopy are 
usually not suitable in the acute situation, but can be useful in the stable patient with 
persistent, unexplained anaemia and occult bleeding.

For responders with peritonism and/or obstruction, CT abdomen and pelvis with 
contrast should be performed to guide further management. CT is estimated to 
detect 73% of small bowel tumours. Thickening of the small bowel wall of greater 
than 1.5  cm is highly suspicious for neoplasia. Associated luminal narrowing, 
obstruction, perforation, or ischaemia may be seen. Adenocarcinoma classically 
appears as an annular or ulcerated lesion or a discrete tumour mass. Lymphoma may 
appear as a lead point of intussusception, a nodular filling defect, or an ill-defined 
infiltrating lesion with or without involvement of adjacent tissues, often associated 
with bulky lymphadenopathy. NETs are associated with a desmoplastic reaction 
seen as stellate stranding of soft tissues and mesenteric calcification (Fig.  7.1). 
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Fig. 7.1 Radiological examples of small bowel tumours. (a) Coronal image showing thickened 
small bowel wall, interpretation of images limited by artefact from hip prosthesis. Post-operative 
histology showed a stenotic, annular adenocarcinoma of the small intestine. (b) Axial and (c) coro-
nal images desmoplastic stellate reaction in mesentery associated with primary small bowel neu-
roendocrine tumour. The primary lesion was not identifiable at CT

These features may be more readily identified than the primary tumour. GISTs are 
typically submucosal, solitary masses, but may appear subserosal or intraluminal. 
Features suggestive of malignancy are central liquefication due to necrosis, calcifi-
cation, and irregularity [29]. CT will determine, in cases with associated obstruc-
tion, not only the site and nature of the obstruction but also whether it is complete 
or incomplete, the presence of complications such as ischaemia, or loco-regional 
nodal involvement or metastases.
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CT enteroclysis is highly sensitive (92.8%) and specific (99.2%) for diagnosis of 
small bowel tumours, but it is not useful in the emergency setting, as both perfora-
tion and obstruction are absolute contraindications [30, 31]. Contrast media is deliv-
ered directly to the small intestine via nasoenteric tube, to distend the lumen and aid 
in the identification of luminal pathology. Exact protocols and media used vary 
between institutes. Enterography by comparison involves ingestion of contrast per 
os. Enteroclysis is thought to be marginally more sensitive (94% vs. 93%) and more 
specific (100% vs. 94%) than enterography for identification of small bowel pathol-
ogy, but enterography is more readily accepted and tolerated by patients, with a 
lower dose of radiation [32].

Similar techniques of magnetic resonance (MR) enteroclysis and enterography 
provide radiation-free alternatives to CT. MR enteroclysis has a diagnostic accuracy 
of up to 96.6% for small bowel tumours, with excellent interobserver agreement. 
MRI provides enhanced soft tissue characterisation when compared to CT, which 
can provide more information regarding histological subtype [33]. MR enterogra-
phy has demonstrated to have accuracy (96%) comparable to enteroclysis for 
7–70 mm small bowel tumours [34]. Ongoing advances in MR and CT technology 
are continuing to produce new accurate approaches to diagnostic imaging for small 
bowel pathology. Again, MRI is difficult in the acute presentations as there is a 
requirement for significant breath holding. Its use should be limited largely to elec-
tive and urgent workup.

For completion of staging, thoracic axial imaging in the form of CT should be 
performed perioperatively, with timing dictated by the clinical scenario.

7.3.2  Endoscopy

Standard gastroscopy and colonoscopy do not evaluate the small intestine, except 
the proximal duodenum and terminal ileum. Modern and emerging technologies 
such as small bowel capsule endoscopy and double-balloon enteroscopy provide a 
means of visualising small bowel mucosa and, in the latter, the potential for tissue 
harvesting and/or therapeutic intervention. In the setting of acute GI haemorrhage, 
gastroscopy and/or colonoscopy provide an opportunity for definitive diagnosis and 
therapy. In the small number of cases whereby the bleeding source is the small 
intestine, advanced endoscopic techniques can be employed with the important 
caveat that obstruction and perforation are contraindications warranting primary 
surgical intervention.

Small bowel capsule endoscopy (SBCE) entails the ingestion of a small capsule 
containing a camera, which continually images the lumen of the small intestine as it 
travels through it. Capsule retention occurs in 1–2% of cases; this increases to 
3.6–13% in Crohn’s disease (Fig. 7.2) [35]. Dissolvable capsules have been devel-
oped to try tackle this, but retention at 30 h remains high [36]. The yield for small 
bowel lesions on capsule endoscopy is estimated at 60–78%, with a better yield than 
CT angiography. It should be reserved for stable patients without any evidence of 
obstruction and for that reason has limited use in emergency presentations [37].
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Fig. 7.2 Complications of capsule endoscopy. (a) Axial and (b) coronal images showing small 
bowel capsule endoscope impacted in a fibrostenotic segment of terminal ileal Crohn’s disease 
with resultant small bowel obstruction. While useful in routine and urgent workup of small bowel 
pathology and occult bleeding, its role in the emergency setting is limited

Double-balloon enteroscopy (DBE) can provide histological diagnosis prior to 
resection. A retrospective study of 627 patients undergoing 880 DBE identified 28 
patients with small bowel tumours. Of these, initial histological diagnosis was made 
at DBE for 64.3% compared to 25% at surgery. In 25% of cases, DBE modified 
outcome by delaying or avoiding emergency surgery in three, prompting emergent 
resection in two, and modifying approach in three [38]. The diagnostic yield ranges 
from 12 to 17% for small bowel tumours on DBE [35]. DBE has also provided 
therapeutic options such as argon plasma coagulation, polypectomy, and balloon 
dilatation. As with capsule endoscopy, use of DBE may not be appropriate in the 
acute setting, dependent on the clinical scenario and patient factors.

7.4  Operative Approach

The clinical history supplemented by physical examination will help decide if the 
acute presentation is complicated or simple. Generally, complicated presentation 
will have perforated with signs of peritonism and absent bowel sounds.

Elevated inflammatory markers may also be a guide to early surgery, and the 
trend analysis of the white cell count and C-reactive protein is important. The use of 
a wound bundle will improve outcomes [39], and this should be combined with a 
laparotomy closure bundle to reduce fascial dehiscence, surgical site infection, 
seroma, and dehiscence.
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The first inflection point is whether, or not, to operate. Preoperative histological 
diagnosis broadens options when it can be safely obtained; however, in the emer-
gent case, this is often not possible. In some cases, patients may already have a 
known small bowel GIST, neuroendocrine tumour, or lymphoma and be actively 
undergoing neoadjuvant, medical, conservative, or palliative treatment at presenta-
tion [40].

The approach to surgery will be dictated by patient characteristics, outcomes of 
perioperative investigations, and urgency of the case. In the critically unwell, undif-
ferentiated case in extremis whereby a diagnostic laparotomy is performed, a 
methodical approach must be employed. Rarely, in the unstable bleeding patient, 
the source will be a small bowel tumour, typically a GIST which may bleed into the 
lumen of the GI tract or intraperitoneally.

Identification of a small bowel tumour at laparotomy should prompt a full assess-
ment of the stomach, small intestine, large intestine, peritoneal surfaces, and liver 
(all of which should be performed routinely at diagnostic laparotomy); up to 50% of 
small bowel NETs have multifocal disease at presentation. Presentation with perfo-
ration and obstruction suggests advanced disease in the setting of adenocarcinoma 
and lymphoma, and metastatic disease may be present at surgery. Synchronous 
tumours in bowel are very hard to detect at laparotomy and can be easily missed.

Laparoscopy, while associated with reduced length of stay, has a limited role in 
the management of small bowel tumours outside of select cases due to the common-
ality of multifocal disease; however, it can be used to guide and minimise the size 
of open incision [41]. Surgery should be performed with curative intent, aiming to 
resect macroscopic disease by segmental resection of the involved portion of small 
intestine with its mesenteric lymph nodes followed by anastomosis or diversion 
(Fig. 7.3). Care should be taken when performing the anastomosis. When employ-
ing a stapled technique, it is important that the stapler be held for 30 s before firing 
and that the surgeon has a clear understanding of the difference between a transab-
dominal and linear cutter in terms of stapler ergonomics, use cases, and outcomes.

In the case of bulky terminal ileal disease, this may require ileocolic resection. 
Likewise, advanced disease may require multivisceral and/or extensive mesenteric 
resection. Depending on the surgeon’s skill set and training, in these circumstances, 
consideration should be given to bypass or diverting surgery with a view to obtain-
ing biopsies for tissue diagnosis and referral to specialist centre for definitive treat-
ment; this is especially true for duodenal tumours, which may require 
pancreaticoduodenectomy for oncological resection.
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Fig. 7.3 Operative approach. Based on the (a) clinical assessment, a decision to begin with (b) 
laparoscopy is made. The camera and suprapubic ports are placed in the midline using longitudinal 
incisions. After the (c) the tumour is localised laparoscopically, a decision is made to convert to a 
small lower midline incision incorporating the port sites. (d) The tumour is delivered through the 
incision and resected along the mesenteric root. (e) A slit is made in the antimesenteric side of the 
distal limb prior to anastomosis to correct for the discrepancies in luminal diameter. (f) A hand-
sewn anastomosis is performed with an inverting mattress suture using 3-0 PDS. The mesenteric 
defect is subsequently closed
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7.5  Post-operative Outcomes and Complications

Emergency surgery is in and of itself a poor prognostic indicator. In-hospital mortal-
ity following surgery for an obstructing small bowel tumour is 11.3%, with reopera-
tion and 30-day readmission rates of 4.8% and 9.7%, respectively, and a mean 
length of stay of 13.6 days [42]. Case series are often small, with poor outcomes. 
One such study investigating outcomes following emergency surgery for malignant 
small bowel perforation reported in-hospital mortality rates as high as 42.8% [43]. 
Recent systematic review of management for primary and metastatic small bowel 
obstruction showed 30-day mortality ranging for 13–28% in those that underwent 
surgery and 2–61% in those that were managed conservatively [44].

In a cohort of patients with small bowel lymphoma requiring acute surgery, 
11.3% had major surgical complications including anastomotic leak and prolonged 
peritonitis. Early mortality was also 11.3% [23]. Emergency surgery for SB GISTs 
is associated with a significant rate of tumour spill [11], which in turn is associated 
with a recurrence rate of 49–74% at 2 years [45]. 5-Year survival rate following 
complete resection is 73%, but 26% after incomplete resection [21]. Interestingly, a 
recent large retrospective population study of patients with small bowel NETs and 
synchronous metastases has suggested that upfront resection of primary disease 
confers a survival benefit (11.6 vs. 6.2 years), reduced rate of unplanned acute care 
admissions (48.1% vs. 71.1% at 1 year), and less unplanned subsequent small bowel 
surgeries (18.5% vs. 38.9% at 3 years). It is important to note that this study included 
elective and emergency upfront surgery [46].

It is vitally important that we advocate for our patients by employing evidence- 
based approaches to minimising post-operative complications. Surgical site infec-
tions have significant implications for long-term oncological outcomes after surgery 
and should not be underestimated [47]. Careful attention should be paid to minimis-
ing wound infection through the use of a wound bundle (Fig.  7.4). This should 
include preparation of the abdomen by the removal of hair, use of alcohol-based 
aseptic preparations for both scrubbing and surgical site sterilisation, use of a wound 
protector, and a dedicated closure trolley and instruments [39]. Negative-pressure 
wound therapy is associated with reduced surgical site infection rates [48], and 
these systems are becoming more readily available and affordable. Post-operative 
incisional hernia rates after laparotomy range from 20 to 40% [49] and are symp-
tomatic in up to 84% of patients [50]; use of small bite technique for abdominal 
closure and prophylactic mesh placement can reduce this to 3.9–16% [51, 52].
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Fig. 7.4 Wound closure bound. These images demonstrate elements of a wound bundle including 
(a) use of a wound protector, (b) prophylactic mesh placement, (c) subcuticular skin closure with 
a self-locking stitch, and (d) a negative-pressure wound therapy system. Collectively, these inter-
ventions aim to reduce post-operative complications such as surgical site infection and inci-
sional hernia

7.6  Post-operative Prognosis and Management

Definitive histological diagnosis and pathological staging will dictate prognosis and 
adjuvant treatment.

For adenocarcinoma, nodal involvement is the strongest indicator of long-term 
disease-free survival. Duodenal tumours confer significantly worse 5-year survival 
when compared to jejunal or ileal. Positive margins, lymphovascular invasion, T4 
disease, and poorly differentiated histology are poor prognostic indicators. For duo-
denal adenocarcinoma, node-positive disease has a 5-year survival rate of 21%, 
compared to 65% for node negative [53]. Outcomes are better for jejunal disease, 
with 41% overall survival rate at 5 years. Limited data is available on the use of 
adjuvant chemotherapy in small bowel adenocarcinoma; hence, approaches are 
largely dictated by data from colonic adenocarcinoma. Adjuvant chemotherapy is 
generally advised in the setting of node-positive disease, with some advocating for 
chemotherapy in T3 and T4 tumours. Multivariant analysis shows that chemother-
apy is associated with improved overall survival for stage II and III disease [54]. 
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The BALLAD trial is ongoing, investigating the role of adjuvant 5-FU/leucovorin 
or 5-FU/LV plus oxaliplatin (FOLFOX) compared to observation alone for stage 
I–III small bowel adenocarcinoma [55].

5-Year survival rate for small bowel NETs is excellent, ranging from 52 to 100% 
dependent on stage. For NETs smaller than 1 cm, 1.1–1.9 cm, and larger than 2 cm, 
nodal disease is present in 12%, 70%, and 85%, respectively [56]. Even with 
advanced metastatic disease, 10-year survival rate can be greater than 50%. Multiple 
randomised control trials show improvements in progression-free survival with the 
use of systemic agents including octreotide (PROMID), lanreotide (CLARINET), 
everolimus (RADIANT4), and peptide radioreceptor therapy (NETTER-1) in the 
setting of metastatic well-differentiated disease [57–60]. Where curative resection 
is possible, resection of hepatic metastases can prolong disease-free survival [61].

Adjuvant treatment with imatinib is the standard of care for high-risk GISTs with 
at least one of the following features: size greater than 5 cm and a mitotic rate higher 
than 5 per high-power field units, size greater than 10 cm, or greater than 10 mitosis 
per high-power units [62]. It is also used as a first-line therapy for locally advanced 
and metastatic disease, as well as in the neoadjuvant setting for tumour downsizing 
[63]. Prognosis depends on gender, nodal disease, tumour size, site, and resection 
margins.

The adjuvant treatment of small bowel tumours is a complex and evolving field, 
limited by the rarity of small bowel neoplasia and the diversity of histological sub-
types. It is a largely specialist field, with multiple strong non-surgical management 
options in certain patient cohorts.

7.7  Conclusion

Small bowel tumours are rare, with emergency presentation rarer yet. However, in 
the event of obstruction, perforation, or haemorrhage, disease is commonly advanced 
and urgent surgical intervention often warranted. Though the elective management 
of many subtypes of small bowel tumours is a specialist field, all general surgeons 
must have an appreciation for the common patterns of presentation and pathology, 
so that when faced with the acute case, they are equipped to deal with the patient 
appropriately and expediently when required.

Depending on the skill set and training of the surgeon, they may or may not be 
intimately familiar with the nuisances of management for all varieties of small 
bowel tumours. For those surgeons that do not manage these cases on a regular 
basis, a recognition that temporisation by resuscitation, diversion, or bypass as 
required can be an acceptable strategy for cases that are suitable for transfer to spe-
cialist centres owing to the benefits of preoperative histological diagnosis and neo-
adjuvant treatment options.
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8Right Colon

Silvia Strambi, Dario Tartaglia, Camilla Cremonini, 
Serena Musetti, Massimo Chiarugi, and Federico Coccolini

About one-third of colon rectal cancer (CRC) reveals itself with obstruction, perfo-
ration, or hemorrhage, without having a prior elective diagnosis. Emergency CRC 
surgery is still affected by high morbidity and mortality rates, especially in elderly 
patients (11–35% and 9–22%, respectively) [1].

Right-sided colon cancer more often represents a surgical emergency despite 
CRC screening programs, due to its nonspecific and gradual symptoms (e.g., asthe-
nia, anorexia, dyspnea, nausea, or vomiting) and the tendency to affect older patients 
[2]; in addition, for anatomical reasons (greater diameter of the cecum and ascen-
dant than the left colon), right obstructive tumors have often an advanced stage at 
onset compared to the left ones [3].

For all these reasons, patients presenting with colorectal cancer as a surgical 
emergency have a poorer prognosis than elective ones. The postoperative morbidity 
rate after emergency surgery for obstructive right colon cancer ranges from 46 to 
54%, resulting in higher than elective right hemicolectomy (30%) and also increased 
mortality rate (14.5% vs. 2.6% of elective cases).

The surgical treatment has two main goals: palliation of symptoms and oncologi-
cal radicality. The emergency surgeon has the difficult task of deciding how to bal-
ance these two aspects of treatment to provide the patient with the most appropriate 
standard of care for its specific condition. For this purpose, the surgeon must take 
into consideration the patient’s age, his/her physiological reservoir, comorbidities, 
medication intake, nutritional status (e.g., albuminemia), degree of autonomy in 
daily life activities, and his/her disposition of treatment and wills (relatives and 
caregivers may be involved in the decision). Moreover, a precise cancer stadiation 
during the diagnostic process should be pursued in order to plan the treatment.
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All these conditions must be weighted with the severity of disease at presenta-
tion, hemodynamical status, specific surgical and anesthesiologic risk (assessed 
with ASA score), and experience of the surgeon/center. When a tailored decision 
has been found, it must be clearly communicated to the patient, relatives, or 
caregivers.

Literature shows that bowel obstruction is the most frequent cause of emergency 
presentation (8–60% of cases) followed by perforation (2–22% of cases) and 
bleeding [4].

8.1  Obstructive Right Colon Cancer (ORCC)

Mege et al. in a multicenter study on 2325 patients with obstructive colon cancer 
(ORCC) divided into right- and left-sided, showed that patients with ORCC were 
older, frailer, and more associated with worse prognosis although tumor resection 
and anastomosis are more frequently performed than in left-sided cases [5]. 
Moreover, the obstructive feature of colon cancer itself is reported to have an 
advanced cancer stage at presentation with poor prognostic factors and to be an 
independent high-risk feature of recurrence [6].

Onset of right bowel obstruction can be acute, with severe abdominal pain, 
abdominal distension, and constipation without passing of stool and gas, or sub-
acute with gradual development of symptoms. If the site of obstruction is proximal, 
pain tends to be cramping and more associated to early vomiting, miming a small 
bowel obstruction. Dehydration and alteration of electrolyte balance often compli-
cate the condition; also, respiratory dynamic can be compromised by abdominal 
compression on the diaphragm.

Abdominal examination often shows tenderness without abdominal guarding, 
tympanic and distended abdomen, and excessive or absent peristalsis.

Laboratory exams can demonstrate electrolyte imbalances and metabolic alkalo-
sis due to dehydration and vomiting, often associated with normal/high level of 
hemoglobin and high hematocrit as a sign of deep dehydration; low hemoglobin, 
instead, suggests active or recent bleeding. Leukocytosis can be a result of associ-
ated ischemia or perforation.

Obstruction can be sometimes associated with bowel perforation, either at the 
site of cancer or in the preceding segments, also in relation with the continence 
status of the ileocecal valve; the fecal contamination further increases the postop-
erative morbidity and mortality rates [7].

Abdominal X-ray usually demonstrates large bowel obstruction, but it cannot 
discriminate between mechanical obstructions, requiring surgical treatment, from 
pseudo-obstructions. Abdominal contrast-enhanced CT scan allows to demonstrate 
the exact site of the obstructive mass and the presence of tumor-related findings. In 
the emergency setting, however, diagnosis is often reached only during surgical 
exploration and validated after surgery by histopathological examination.

S. Strambi et al.
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For resectable ORCC, primary tumor resection should be preferred. The gold 
standard treatment for obstructive right-sided or transverse colon lesions is a right 
hemicolectomy or extended right hemicolectomy with ileocolic anastomosis. It is 
considered safe and feasible in most cases, even though patients with right-sided 
colon cancer are usually aged and with advanced locoregional diseases [8] (Fig. 8.1).

Generally, oncologic principles are respected in the resection of ORCC when 
considering the extent of the resection, the surgical margins, and the number of dis-
sected lymph nodes [8], also due to favorable anatomical conditions of the 
right colon.

In selected cases, ORCC can be treated laparoscopically also in acute settings. 
The safety and feasibility of laparoscopy depend on hemodynamic stability, degree 
of abdominal distension, resectability of the carcinoma, and laparoscopic skills of 
the surgeon. The advantages of a minimally invasive approach (shorter hospital stay, 
faster recovery of peristalsis, less intraoperative blood loss, with adequate oncologi-
cal resection) should encourage the use of laparoscopy also in emergency set-
tings [9].

The reported rate of anastomotic leakage after emergency resection is higher 
compared to the rate of elective right hemicolectomy (12–16.4% vs. 2.8–4.1%, 
respectively). Interestingly, the risk of anastomotic leakage did not increase with 
age in reported series [10]; therefore, very advanced age should not in itself repre-
sent a contraindication to perform an ileocolic anastomosis.

Other major postoperative complications related to abdominal surgery could be 
represented by evisceration (due to abdominal wall dehiscence) or wound infection, 
as well as septic shock.

For high-risk patients, terminal ileostomy with colonic fistula can be created 
after resection [11]. If the tumor is unresectable, the creation of loop ileostomy or 
an internal surgical bypass can be a valid palliative option to alleviate obstructive 
symptoms, especially in frail elderly patients [12]. Internal bypass, when feasible, 
should be preferred between the option above to avoid the complications of high 
fecal output of ileostomies [2, 7]. Decompressive cecostomy, except for some per-
cutaneous cases in extremely frail patients, is not anymore currently supported due 
to its inefficacy [7].

Fig. 8.1 Gross 
examination of right colon 
after right hemicolectomy 
for stenosing and ulcerated 
tumor of the cecum near 
the ileocecal valve
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The principles of damage control surgery (DCS) may be applied in case of hemo-
dynamic instability, with tumor resection followed by creation of open abdomen 
with NPWT and delayed anastomosis (after stabilization of vital parameters) [9].

The positioning of a self-expanding metallic stent (SEMS) can be an alternative 
to emergency surgery in high-risk patients, as it allows a prompt palliation of 
obstruction symptoms without the risk of postoperative complications [8]. However, 
since SEMS insertion is not feasible for obstructive cancer of the cecum or ileocolic 
valve, its use is limited in ORCC sited beyond the cecum, and it is technically chal-
lenging compared to its left-side positioning. Despite reported comparable long- 
term oncologic outcome after staged operation (than those of primary emergency 
surgery, possibly due to selection bias) [2], the insertion of SEMS as a temporary 
bridge to elective surgery is not recommended [8].

8.2  Perforated Right Colon Cancer

As previously stated, the site of perforation may be at the tumor itself or at the 
cecum, which becomes distended secondary to distal obstruction. The perforation 
may result in generalized fecal peritonitis leading to septic shock, even if for right- 
sided colon cancer, localized peritonitis with abscess formation is more common 
[13] (Fig. 8.2).

Right hemicolectomy with primary anastomosis, when feasible, is the procedure 
of choice irrespective of the degree of contamination. However, it must be kept in 
mind that the anastomotic leak reaches the highest rates (about 4.5%) in perforated 
emergency cases compared to ORCC and to 0.5–1.4% reported for elective sur-
gery [8].

a b

Fig. 8.2 Rough formation of about 12 cm (partially colliquated) that incorporates the right colon 
showing circumferential and stenosing wall thickening, the right iliopsoas muscle, the right ureter 
that has fistulized to the skin (a), and the duodenum (b)
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RIGHT COLON CANCER
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RIGHT HEMICOLECTOMY with ileo-colic
anastomosis

SEMS

Fig. 8.3 Flowchart for the management of oncological right-sided colon emergencies

In case of hemodynamic instability, DCS with source control, bowel resection, 
open abdomen with NPWT, and scheduled second look (after 24/48 h, depending on 
the patient’s stabilization) with delayed anastomosis or loop ileostomy or terminal 
ileostomy and mucous fistula creation may be considered [8] (Fig. 8.3).

8.3  Hemorrhagic Right Colon Cancer

Hematochezia and colonic hemorrhage are rare emergency presentation for RCC, 
less frequent than obstruction and perforation, that can be caused by ulcerative neo-
plastic lesions. In extremely rare cases, bleeding can be a consequence of the 
tumor’s involvement of adjacent organs; Iwata et al. [14] reported a rare case of 
hemorrhagic shock due to a large mass in the ascending colon invading duodenum 
and pancreatic head and causing gastroduodenal artery bleeding into the colon, 
treated with en bloc pylorus-preserving pancreaticoduodenectomy and right 
colectomy.

In addition to fluids and blood resuscitation, emergency treatment may require 
investigation with angiography to detect the exact source of bleeding, followed by 
transcatheter arterial embolization (TAE) and/or surgical resection [8]; DCS strat-
egy should be of choice if hemodynamic instability persists.
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9Appendiceal Tumors
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Maria Paula Forero Rios, Franco Roviello, 
and Salomone Di Saverio

9.1  Introduction

Appendiceal adenocarcinoma was first described by Berger in 1882 [1], whereas a 
tumor arising from neuroendocrine cells [neuroendocrine tumors (NETs)] was 
reported by Masson in 1928 [2]. Primary appendiceal tumors (ATs) are rare entities, 
occurring in <2% of all appendectomies, with an age-adjusted incidence of 0.12 
cases per million people per year, even if in large databases the incidence may reach 
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0.97 per year [3, 4]. Thanks to the current detection methods, including both imag-
ing and colonoscopy, there was an increased incidence and decreased age at diagno-
sis of AT [5].

Nevertheless, the vast majority of these tumors are not diagnosed preoperatively 
and are often detected as incidental findings with a still high mortality rate [6]. 
Interestingly, most of the tumors are located at the tip of the appendix with a maxi-
mal diameter of <1 cm [7, 8].

AT survival varies by stage at diagnosis, with an overall 5-year survival rate of 
83% for all stages [6–8].

Perforated epithelial ATs are uncommon, with a reported incidence of 0.3% in 
appendectomy [9].

In this context, appendiceal adenocarcinoma is the most frequently perforating 
carcinoma of the entire gastrointestinal tract, occurring most frequently in middle- 
aged or older adults, with a median age at presentation of 40–50 years, while NETs 
or carcinoid tumors occur in younger patients in the second decade [10]. The latter 
are the most common primary malignant tumors arising from the appendix repre-
senting 32–85% of all ATs [11].

9.2  Clinical Presentation and Differential Diagnosis

Preoperative diagnosis of AT is challenging, due to the nonspecificity of both radio-
logical and clinical findings [12]. Symptoms may range from vague nonspecific 
abdominal symptoms to gross abdominal distension and nutritional compromise 
[13], fever and hydronephrosis [14], and vaginal bleeding [15].

The most common presentation is acute appendicitis (AA) (54%) [16–18] and is 
very frequent in adenocarcinomas or goblet cell adenocarcinomas (GCCs). 
Advanced or metastasized tumors may present with abdominal pain or compression 
[19]. Appendiceal torsion is a rare manifestation and presents with symptoms simi-
lar to those of AA [20].

NETs are most commonly related to the presence of liver metastases with a car-
cinoid syndrome, or rather diarrhea, palpitations, high blood pressure, skin lesions, 
and shortness of breath, in less than 5% of AT [21, 22].

Sometimes, AT symptoms may simulate several disorders such as primary blad-
der cancer [23], Crohn’s disease [24], or cecal intussusception [25].

Interestingly, differential diagnosis varies according to both age and sex of the 
patient. During childhood, intussusception, acute gastroenteritis, and Meckel’s 
diverticulitis present with an overlapping clinical scenario.

In young adolescent male patients, differential diagnosis includes inflammatory 
bowel disease, sickle cell anemia, and epididymitis, while in young women, pelvic 
inflammatory disease, ovarian cyst or torsion, ectopic pregnancy, ovarian cancer, 
and urinary tract infection should always be considered. Tumors of the gastrointes-
tinal tract and reproductive organs, diverticulitis, perforated ulcer, and cholecystitis 
should also always be suspected in adults and older people.
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9.3  Classification and Staging

The classification of AT has always been confusing due to the rarity and the multiple 
nomenclatures used to describe this kind of pathology. A recent review of the litera-
ture prefers to classify AT in four broad groups: colonic-type adenocarcinomas, 
mucinous neoplasms, GCCs, and NETs [26]. However, we propose a whole AT 
classification based on the histological features, as suggested by the American 
Society of Colon and Rectal Surgeons (ASCRS) and the World Health Organization 
(WHO) guidelines on AT [27, 28].

It is mandatory to underline that embryological and histological composition of 
the appendix directly correlates with the development of different types of tumors 
(Fig. 9.1a, b). Indeed, the appendiceal epithelium is composed of enterocytes, gob-
let cells, and enterochromaffin cells, which may hesitate in epithelial tumors, GCCs, 
and NETs, respectively. On the other side, lymphomas may arise from the lymphoid 
tissue of the mucosal and submucosal layers, similarly to the Peyer’s patches in the 
small intestine.

The most common ATs are of epithelial and mesenchymal origin. NETs are often 
discovered incidentally. On the contrary, lymphoid tumors are rare and account for 
5% of all malignant lymphomas [28].

Epithelial tumors may be divided into adenomas, a benign AT representation; 
mucinous neoplasms, usually of low grade producing mucin that accumulates in the 
peritoneal cavity; non-mucinous or colonic type which is similar to their colorectal 
counterparts both morphologically and genetically; adenocarcinomas; and GCCs. 
The latter are predominantly composed of mucin-secreting cells, and in a minor 
percentage of neuroendocrine cells, they show a more aggressive behavior with 
respect to NETs.

The nonepithelial tumors are represented by NETs and other rarely encoun-
tered tumors such as lymphomas, mesenchymal tumors, non-carcinoid NETs, sar-
comas, and neuroectodermal and nerve sheath tumors [29] (Table 9.1).

The histologic type of the tumor predicts the biological behavior and the propen-
sity for specific patterns of disease spread and imaging features.

Indeed, epithelial neoplasms can be broadly classified into mucinous and non- 
mucinous based on mucin production. The mucinous group is then divided into 
different subgroups on the basis of their aggressiveness.

Low-grade appendiceal mucinous neoplasms (LAMNs) are characterized by 
well-differentiated adenomas that usually lack infiltrative invasion ability, which is 
instead a characteristic of mucinous adenocarcinoma. Mucinous tumor of uncertain 
malignant potential, mucocele, mucinous cystadenoma, and mucinous cystadeno-
carcinoma are terms no longer in use, but now comprehended in the LAMNs group 
of classification.

High-grade appendiceal mucinous neoplasms (HAMNs) are characterized by 
a more aggressive cytologic atypia but lack infiltrative invasion within the appendix, 
like LAMNs. Although extremely rare, when found, they can be associated with 
invasive adenocarcinoma. The eighth edition of the American Joint Committee on 
Cancer (AJCC) classifies HAMNs as moderately differentiated (G2) [30].

9 Appendiceal Tumors
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a

b

Fig. 9.1 Layers of the appendiceal wall in physiological situations and in appendiceal neoplasm. 
(a) Mucinous neoplasm and mucinous adenocarcinoma. (b) Non-mucinous adenocarcinoma and 
neuroendocrine tumors (NETs). (Illustration by Maria Paula Forero Rios)

Epithelial adenocarcinomas are the most common malignant neoplasms of the 
appendix considering both the mucinous and the non-mucinous histologic type 
(occurring in 37% and 27% of cases). GCCs are seen in 19% of all appendiceal 
neoplasms, while 11% of appendix malignant tumors are represented by NETs [29].
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Table 9.1 Type of appendiceal tumors

Epithelial tumors    • Adenomas
   • Mucinous
    – Polyps
    – LAMN
    – HAMN
    – Adenocarcinomas
    – Adenocarcinomas with signet cells
    – Mucinous signet cells
   • Non-mucinous
   • Adenocarcinomas
   • GCCs
   • PMP

Nonepithelial tumors    • NETs
   • Mesenchymal tumors
    – GISTs
    – Desmoid
    – Leiomyomas
    – Leiomyosarcomas
   • Non-carcinoid NETs
    – Ganglioneuromas
    – Paragangliomas
    – Pheochromocytomas
   • Sarcomas
    – Desmoplastic small round cell tumor
    – HIV-Kaposi sarcoma
   • Neuroectodermal tumors
    – Schwannoma
    – Neurofibroma

Appendiceal adenocarcinomas in their mucinous subtype are characterized by 
invasive glands containing high-grade cytologic atypia and extracellular mucin in 
>50% of the lesion. They express p53, CD44, and CDX2 as their colorectal coun-
terparts [27].

Mucinous adenocarcinomas often demonstrate signet ring cells if poorly dif-
ferentiated. If the signet cells are more than 50%, then the tumor is considered 
mucinous signet cell adenocarcinomas, which is prone to lymphatic spread, and 
staged according to the TNM classification.

GCCs, also called adenoneuroendocrine carcinoma, can be considered as adeno-
carcinomas that show some features in common with NETs; for example, they show 
positive chromogranin A staining. However, their behavior is more aggressive than 
traditional NETs, and it is recommended to treat them as appendiceal adenocarcino-
mas. The term carcinoid tumor is no longer used.

Pseudomyxoma peritonei (PMP) is the term used to define a condition in which 
diffuse mucin deposits can be found throughout the abdomen. The most probable 
cause may be represented by appendiceal neoplasm perforation throughout the peri-
toneal cavity. It is a malignant condition, and the 10-year overall survival is esti-
mated to be 63% after surgery [27].
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PMP is classified on the basis of the degree of cellularity within the mucin in four 
categories: acellular, low-grade histologic features, high-grade histologic features, 
and PMP with signet ring cells [31].

Nonepithelial appendiceal neoplasms include NETs. The characteristics of 
this neoplasm are the same of other NETs that can be found elsewhere in the gastro-
intestinal tract. Appendiceal NETs follow a separate TNM staging with respect to 
the other appendiceal neoplasms.

Other rare nonepithelial appendiceal neoplasms include gastrointestinal stro-
mal tumors (GISTs), lymphomas, and neural proliferations.

9.4  Grading

Mucinous tumors, LAMNs, HAMNs, and mucinous adenocarcinomas are graded 
according to a three-tiered grading system.

G1 or well-differentiated tumors are LAMNs, with low-grade cytologic atypia 
and no signet ring cells. Acellular mucinous tumors are with low cellularity and lack 
infiltration of peritoneum or other organs. G2 or moderately differentiated tumors 
include mucinous adenocarcinomas, low- and high-grade cytologic atypia, and no 
signet ring cells, and G3 or poorly differentiated tumors are non-mucinous adeno-
carcinomas, with high-grade cytologic atypia and signet ring cells [32].

LAMNs can be easily identified because of a broad tumor front invasion, hyalin-
ization, and fibrosis of the underlying tissue. Since HAMNs are often focally inva-
sive, a complete examination of the appendix specimen is strongly recommended.

Mucinous adenocarcinomas show drops of mucin with detached strips, glands, 
and clusters of atypical neoplastic cells inside.

GCCs are poorly differentiated with focal areas, similarly to signet ring cell 
adenocarcinomas.

Regarding appendiceal NETs, grading is not formally part of the staging system. 
However, the European Neuroendocrine Tumor Society (ENETS)/WHO grading 
criteria proposed another classification based on the mitotic rate [28, 33] (Table 9.2).

Table 9.2 ENETS/WHO grading system

Grade 1 Mitotic rate <2 per 10 high-power fields and Ki67 <3%
Grade 2 Mitotic rate 2–20 per 10 high-power fields or Ki67 3–20%
Grade 3 Mitotic rate >20 per 10 high-power fields or Ki67 >20%
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9.5  Staging (WHO Classification of Digestive Tumor—
Fifth Edition)

The TNM classification applies to adenocarcinomas of the appendix and GCCs, 
while NETs are classified separately. Mucinous and non-mucinous adenocarcino-
mas deserve different classifications.

Regarding the mucinous AT, they follow the Union for International Cancer 
Control (UICC) staging system (Tables 9.3 and 9.4).

Tumor is staged as a metastatic disease, when mucin and epithelial cells are 
found in the peritoneal surface. We can distinguish pM1a if the mucin is acellular 
and pM1b if mucin contains mucinous epithelial cells.

Concerning nodal metastasis, the regional lymph nodes (LNs) considered are the 
ileocolic ones. N1c stays for tumor deposits in the absence of nodal metastasis. 
Metastasis is staged as M1a for intraperitoneal acellular mucin, M1b intraperitoneal 
metastasis, and M1c non-peritoneal metastasis.

pT and pN are basically the same of TNM. When the LNs are negative but less 
than 12 (the minimum number necessary to examine lymph node metastasis), the 
tumor is classified as pN0 (Table 9.3).

Table 9.3 Union for International Cancer Control (UICC) staging system for mucinous appendi-
ceal tumors

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial invasion of lamina propria
Tis (LAMN) LAMN confined to the appendix
T1 Invasion of the submucosa
T2 Invasion of the muscularis propria
T3 Invasion of subserosa or mesoappendix
T4 T4a invades visceral peritoneum including mucinous peritoneal tumor or 

acellular mucin on the serosa of the appendix or mesoappendix
T4b directly invades other organs or structures

Nx Cannot be assessed
N0 No LN METs
N1 METs in 1–3 regional LNs

N1a METs in 1 regional LN
N1b METs in 2–3 regional LNs
N1c tumor deposits (microscopic or macroscopic nodules)

N2 METs in 4 or more regional LNs

M0 No distant METs
M1 Distant METs

M1a intraperitoneal acellular mucin only
M1b intraperitoneal METs only, including mucinous epithelium
M1c non-peritoneal METs

METs metastasis, LNs lymph nodes
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Table 9.4 Mucinous appendiceal tumor staging

Stage 0 Tis N0 M0
Stage 0 Tis (LAMN) N0 M0
Stage I T1, T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T4a N0 M0
Stage IIC T4b N0 M0
Stage IIIA T1, T2 N1 M0
Stage IIIB T3, T4 N1 M0
Stage IIIC Any T N2 M1a Any G
Stage IVA Any T Any N M1b G1
Stage IVB Any T Any N M1b G2, G3, GX
Stage IVC Any T Any N M1c Any G

Table 9.5 NET TNM

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 2 cm or less
T2 Tumor >2 cm but <4 cm
T3 Tumor >4 cm/with subserosal invasion/involvement of mesoappendix
T4 Peritoneum or other adjacent structures other than direct mural extension to adjacent 

subserosa

N0 No LN METs
N1 Regional LN METs

M0 No distant METs
M1 Distant METs

M1a hepatic METs only
M1b extrahepatic METs only
M1c hepatic and extrahepatic METs

METs metastasis, LNs lymph nodes

Table 9.6 NET TNM staging

Stage I T1 N0 M0
Stage II T2, T3 N0 M0
Stage III T4

Any T
N0
N1

M0
M0

Stage IV Any T Any N M1

9.6  NETs

Staging of appendiceal NETs is mainly based on tumor size and infiltration of 
serosa/mesoappendix. The great majority of NETs invade the subserosa or mesoap-
pendix and are therefore classified as pT3.

pT and pN correspond to TNM categories. pN0 occurs if the LNs retrieved are 
less than 12 but all negative.

pM1 includes distant METs microscopically confirmed (Tables 9.5 and 9.6).
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9.7  Anatomy and Imaging Features of Each Subtype

Preoperative imaging has a pivotal role both in the diagnosis and in the eventual 
surgery planning process. However, since the most frequent initial manifestation of 
these tumors is an AA, the diagnosis is often confirmed intraoperatively with a fro-
zen section of the appendiceal specimen or later with the histopathology [4, 34, 35].

Nevertheless, morphology and type of AT can also be detected by specific radio-
logic examinations such as computed tomography (CT) scan when an appendiceal 
mass is suspected preoperatively.

Indeed, CT scan has been demonstrated as more sensitive than ultrasonography 
(US) and radiography in the evaluation of the anatomical relations of the tumor and 
other structures. Moreover, CT scan is considered more accurate than MRI in detect-
ing calcifications inside the mass, especially in case of LAMNs [35]. However, 
cross-sectional imaging involving CT, US, and magnetic resonance imaging (MRI) 
is useful for the correct evaluation and definition of an AT [29].

9.8  Imaging Features of Epithelial Neoplasm

9.8.1  Colonic Type/Non-mucinous

These tumors are more often diagnosed after the appendectomy; therefore, little 
information has been reported in literature with regard to their radiologic features.

In the setting of a suspicion of acute appendicitis, on CT scan with contrast 
medium, they usually appear as enlarged in their size, with periappendiceal fat 
stranding and focal soft tissue with no evidence of LAMNs or heterogeneous masses 
infiltrating the entire appendix (Fig. 9.2) [29]. A dilation with diffuse mural thicken-
ing of the appendix can be associated with this type of tumor; indeed, direct inva-
sion of the surrounding tissues and organs can be detected in some cases [29, 36].

9.8.2  Mucinous Type

Mucocele (now included in the category of LAMNs) represents the most common 
finding of mucinous neoplasm of the appendix that appears abnormally distended 
by mucin [4].

Through abdominal X-rays, mucoceles can be identified as a soft-tissue mass 
with peripheral calcifications usually located in the right lower quadrant of the 
abdomen [36]. Internal concentric echogenic layers with a typical “onionskin” 
appearance and curvilinear mural calcifications (in almost 50% of cases) are 
detected at US.

In case of evidence of mucocele on the X-ray examination, MRI usually shows 
characteristics of simple fluid with a variety of signal intensities depending on the 
protein content [37].
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Fig. 9.3 CT scan and US of mucocele in a patient affected by mucinous-type appendiceal neo-
plasm. (Modified from Pickhardt et al. [36])

Fig. 9.2 CT scan of 
colonic-type neoplasm of 
the appendix. (Modified 
from Leonards et al. [29])

At CT scan, malignant mucoceles are identified due to the presence of some 
features such as the dilatation of the appendix with mural nodularity and an irregu-
lar wall thickening. Internal septa, wall calcifications, and straining of the periap-
pendiceal fat are other common findings [36, 38, 39] (Fig. 9.3).
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Once an appendiceal mucocele has been identified at CT, the presence of mucin 
within the peritoneum and pelvic organs should be carefully evaluated in order to 
exclude the development of a PMP [40].

9.8.3  Neuroendocrine Tumors

Although NETs may represent up to 80% of appendiceal neoplasms, their typical 
small size (1–2 cm) and the involvement of the distal appendix in the majority of 
cases (75%) make the instrumental diagnosis very rare and challenging [41].

At US, only in case of AA, appendix appears dilated and noncompressible with 
striated wall thickening. CT scan could identify a diffuse wall thickening of the 
appendix and poorly defined soft-tissue mass with a focus of calcification on the 
root of the mesentery [29, 42] (Fig. 9.4).

The formation of a mucocele represents a quite rare finding at imaging. 18F-FDG 
PET and octreotide scintigraphy can be useful for the staging and follow-up after 
surgery or in case of NETs larger than 2 cm [43]. Moreover, CT scan and MRI 
should be performed to assess possible liver metastases.

9.8.4  Goblet Cell Adenocarcinoma

GCCs usually involve the entire appendix circumferentially and can be mucinous or 
non-mucinous [44].

A large enhancing mass with frequent aspects of infiltration of the surrounding 
structures and likely venous invasion with intraperitoneal spread is the most com-
mon finding at the CT scan [29, 36, 45] (Fig. 9.5). Small calcifications could be 
detected around the lesion.

Fig. 9.4 CT scan features of a carcinoid tumor involving the appendix. (Modified from Bayhan 
et al. [42])
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Fig. 9.5 CT scan showing 
a goblet cell tumor of the 
appendix. (From Pickhardt 
et al. [36])

Fig. 9.6 Axial images from unenhanced CT scan showing an appendiceal non-Hodgkin’s lym-
phoma. (Modified from Pickhardt et al. [36])

9.8.5  Lymphoma

Non-Hodgkin’s lymphoma of the appendix represents an unusual entity that typi-
cally manifests with an AA in patients with no prior history of lymphoma [46].

At CT scan, lymphomatous infiltration of the appendix is shown by a diffuse 
mural soft-tissue thickening preserving the vermiform morphology (Fig. 9.6) [36]. 
Focal dilatation of the lumen, stranding of the periappendiceal fat, and abdominal 
lymphadenopathy could be rarely detected [47].
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9.9  Treatment

There is currently no standardized treatment, and the choice of treatment depends 
on the tumor’s subtype.

9.9.1  Adenocarcinomas

Data on the treatment of appendiceal adenocarcinomas are quite limited. Like in 
case of AT, colonic-type adenocarcinoma is most frequently found incidentally fol-
lowing appendectomy for appendicitis, and consequently, in these cases, T-stage 
information is immediately available and guides the treatment. Patients with Tis 
tumors resected with negative margins are treated with appendectomy alone. It is 
not always easy to differentiate between Tis and T1. For T1 tumors, G1 or G2, no 
vascular or lymph node invasion, and negative section margins, appendectomy 
alone may be sufficient. Patients with unfavorable T1 tumors (G3, vascular or 
lymph node invasion, and/or positive section margins) should undergo right colec-
tomy for adequate staging and resection. For patients with T2 or greater tumors, 
right colectomy is recommended. The rate of LN involvement in the colonic-type 
adenocarcinoma subtype was 30% in the largest population-based study of primary 
appendix cancer [48]. In patients with stage T3 disease, adjuvant systemic chemo-
therapy is recommended, although specific studies for appendiceal adenocarcino-
mas are not available. As for colon adenocarcinoma, adjuvant chemotherapy should 
also be considered for stage II tumors with high-risk features. The rate of distant 
metastases at presentation is not well known but has been reported from 23 to 37%. 
Most often, there is peritoneal dissemination so that for these patients complete 
cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy 
(HIPEC) should be considered if a complete resection can be eventually achieved. 
Surgical resection including metastasectomy of liver and lung lesions is reasonable 
for selected patients with appendix adenocarcinoma [26].

Considering the absence of high levels of evidence, experts recommended that 
adenocarcinomas of the appendix can be treated with systemic therapy according to 
the National Comprehensive Cancer Network (NCCN) guidelines for colon can-
cer [49].

9.9.2  Goblet Cell Adenocarcinomas

The prognosis of GCC lays intermediate between NETs and primary appendiceal 
adenocarcinoma, but the biological behavior of the disease is more aggressive than 
typical carcinoid tumor and often presents with metastatic disease. The 5-year over-
all survival rate based on AJCC staging system is 100% for stage I, but it becomes 
more severe for the other stages: 76% for stage II, 22% for stage III, and 14% for 
stage IV [30].
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Usually, GCCs are found incidentally after appendectomy, and the need for fur-
ther right colectomy is an important question that is still debated. Both the North 
American and European Neuroendocrine Tumor Societies recommend right hemi-
colectomy due to high risk of metastases and improvement in prognosis. However, 
in several published analyses, there is evidence to suggest limited or no benefit of 
right colectomy, primarily in patients with low-grade disease and limited disease 
burden [50, 51]. Therefore, it is reasonable to consider appendectomy alone in those 
patients with tumor evidence. Several studies evaluating the extent of surgical resec-
tion in GCCs have suggested that there is no benefit in performing right hemicolec-
tomy in those patients with small (<1  cm), localized, low-grade tumors without 
high-risk features such as positive resection margins [52].

To summarize, right colectomy is recommended for tumors >2 cm, pT3 or T4, 
with higher grade histology with signet rings, or with positive surgical margins on 
appendectomy. Lastly, despite lack of level 1 evidence, it is also recommended that 
adjuvant chemotherapy with a regimen based on 5-fluorouracil (FU) is offered to 
patients with stage II and stage III GCCs. Historically, the most commonly used 
regimens are FOLFOX (5-FU, leucovorin, oxaliplatin) or FOLFIRI (5-FU, folic 
acid, irinotecan) [53].

9.9.3  Neuroendocrine Tumors

Also, in this case, the debate is open on the choice between appendectomy and right 
colectomy.

In general, the following statements apply to the specific situations:
• T1 (ENETS) or T1a (UICC/AJCC) NETS (i.e., <1 cm): Appendicectomy is usu-

ally curative, if it obtains R0 resection margin. The only exception could be the 
extremely rare situation when the tumor is located at the base of the appendix or 
when a mesoappendiceal invasion of more than 3  mm is discovered with the 
histopathological examination. In these cases, a completion of the resection with 
right colectomy is recommended [54, 55].

• T2 (ENETS) or T1b (UICC/AJCC) NET (i.e., >1 cm but <2 cm): Right colec-
tomy should be considered and discussed with the patient if one or more of the 
following risk factors coexist because of the increased risk for LN involvement 
or distant metastasis (WHO grading G2, vascular or lymph vascular invasion, 
mesoappendiceal infiltration >3 mm).

• T3 (ENETS) or T2 (UICC/AJCC) or higher stage NET (i.e., >2 cm): Right col-
ectomy is recommended [26, 33].

Appendiceal NETs <1 cm with R0 resection margin require no follow-up. For all 
other patients, long-term follow-up is advised [56].

G. Gallo et al.



129

9.9.4  Mucinous Tumors

Appendiceal mucinous neoplasms are a heterogeneous group of tumors with a ris-
ing incidence. Treatment is based on stage and histology.

Patients with Tis (LAMN) are usually treated with complete resection of the 
appendix without the risk for recurrent disease. Given the uncertainty regarding the 
risk of peritoneal dissemination of patients with T3 LAMN, a close and long-lasting 
follow-up over 10 years, even if not standardized, should be recommended. Obvious 
intraperitoneal contamination, histologically confirmed extraperitoneal mucin, 
appendiceal perforation, and peritoneal free cancer cells are considered significant 
risk factors for the development of PMP or peritoneal recurrence.

For patients with LAMN T4a with acellular mucin on the visceral peritoneal 
surface, a close follow-up is recommended similarly to patients with LAMN T3 
[26]. Low-grade tumors in advanced disease require debulking and HIPEC to reduce 
the rate of peritoneal recurrence. However, the roles of additional surgery and 
HIPEC therapy are still uncertain.

Patients with HAMNs should have an appendectomy with negative margins and 
should have long-term follow-up. High-grade appendiceal mucinous carcinomas 
should be considered for systemic preoperative chemotherapy, and in case of bene-
fit, surgical resection and HIPEC treatment should be considered [27].
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10.1  Introduction

Colorectal cancer accounts for about 1.5 million new cases per year and is the third 
most commonly diagnosed malignancy. Worldwide, it represents the second most 
common type of cancer in women (614,000 cases, 9.2% of the total) and the third 
most common cancer in men (746,000 cases, 10.0% of the total), while it is the 
fourth leading cause of death from cancer in the world, with almost 700,000 deaths 
in 2012 [1, 2].

The incidence of colorectal cancer fluctuates by geographic region: the incidence 
in Europe is higher than that in North America, followed by Oceania, Latin America, 
and Africa. In North America, a decreasing rate is reported, as well as in Europe and 
in Oceania and particularly in New Zealand, the USA, and France; on the other side, 
an increasing incidence is observed in Latin America, Asia, and Eastern Europe [3]. 
Nevertheless, the trend of colorectal cancer seems to fluctuate according to the 
Human Development Index (HDI), with a variable due to changes in diet, activity 
patterns, smoke attitude, and screening programs. An increasing incidence of 
colorectal cancer is observed in the population younger than 50 years: this could 
potentially encourage an update in the screening programs [4, 5].

Nevertheless, up to 33% of patients with colorectal cancer will present with 
symptoms requiring acute or emergent surgical intervention despite the increased 
screening efforts [6, 7]. Large bowel obstruction, perforation, and hemorrhage are 
common emergency presentations. Rates of morbidity, mortality, and stoma forma-
tion are higher for patients who require an emergency intervention than those who 
are managed electively [8, 9]. Worse outcomes are related to the emergency itself 
and to baseline differences in the two patient groups, with the emergency patients 
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having dehydration, electrolyte abnormalities, poor nutrition, neglected comorbidi-
ties, and more physiologic derangements.

Tumor biology may also play a significant role in their presentation and out-
come. Cancers resected in an emergency setting are more likely to present lympho-
vascular invasion of a more advanced T stage, and a higher histologic grade and 
contemporary liver metastases are a common finding [6–10]. If it is required to 
operate at the patient’s acute presentation, the diagnosis and accurate staging infor-
mation may not be available or complete. When the initial findings suggest general-
ized metastatic disease, the necessity for an emergency intervention may have 
long-term implications.

The difficulties of patients presenting with suboptimal physiology and limited 
information require individualization of their surgical management. The principles 
of an oncologic resection for colorectal cancer surgery include wide proximal and 
distal margins and high ligation of the vascular pedicle for extended lymphadenec-
tomy (≥12 nodes). These oncologic principles should be maintained even in emer-
gency operations for colorectal cancer.

The objectives of the treatment of colon cancer-related emergencies according to 
the American Society of Colon and Rectal Surgeons clinical guidelines committee 
are as follows: (1) avoid the negative effect of any immediate complications; (2) 
accomplish the best possible tumor control; and (3) make sure timely recovery to 
permit the initiation of appropriate adjuvant chemotherapy or systemic treat-
ment [11].

In this chapter, the authors discuss specific emergency situations related to left 
colon cancer and their management options.

10.2  Left Colon Obstruction

Obstruction is a very common symptom of colorectal cancer, with the incidence 
ranging from 15 to 29% [11]. It is also the most common indication for emergency 
surgery for colorectal carcinoma, making up to 77% of emergencies in a recent 
series [3]. Likewise, the most common cause of large bowel obstruction in adults is 
colon malignancy [1, 12, 13]. By itself, surgery for large bowel obstruction in a 
patient that presents acutely should be performed oncologically, even if an official 
diagnosis of malignancy has not yet been reached. The patients presenting with 
obstruction and with no evidence of metastatic disease should be operated upon 
with curative intent [1]. The clinical presentation of complete bowel obstruction 
from colorectal carcinoma is usually delayed by a gradual onset of symptoms. The 
patients may describe an increasing difficulty with their bowel movements or self- 
medication with laxatives. They can develop significant abdominal distension 
before complete obstipation occurs, and it results in the need for emergent medical 
attention. Such an insidious and subtle onset of symptoms can result in relatively 
stable patients. Typically, late signs consist of severe dehydration and electrolyte 
abnormalities. In certain cases, symptoms can be sudden in onset, with severe 
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persistent colicky abdominal pain [14]. Absence of passage of flatus and/or feces 
and abdominal distension are the most common symptoms and physical signs [15].

Physical examination of the abdomen shows abdominal distension, tenderness, 
and absent or hyperactive bowel sounds. Initial complaint of bloody stools and pas-
sage of blood per rectum, despite the absence of bowel movement, can be associated 
with colon cancer. A rectal cancer may be palpable as an intrinsic lesion [16, 17].

Laboratory tests are directed at evaluating the electrolyte imbalances, elevated 
urea nitrogen, and metabolic alkalosis that may occur due to vomiting and 
dehydration.

Computerized tomography (CT) has become the golden standard imaging 
modality for patients presenting with symptoms of obstruction of the colon. It is 
quickly available in emergency departments and can localize, with a sensitivity of 
96% and specificity of 93%, an obstructing lesion [18, 19]. Especially with the use 
of a triple-contrast protocol with oral, rectal, and intravenous (IV) contrast, CT can 
make an accurate diagnosis in up to 89% of the cases. CT also offers precise staging 
information of both locoregional and distant disease spread [15–19].

Although less commonly used in current practice, the hydrosoluble contrast 
enema is also a valuable imaging technique. In colonic obstructions, sensitivity and 
specificity are 80% and 100%, respectively [15–17]. CT may not be able to identify 
a small intraluminal lesion that is readily apparent on contrast enema in a stool- 
filled colon.

When possible, colonoscopy offers the ability to identify and localize an obstruct-
ing lesion as well as to confirm a diagnosis with tissue sampling. Colonoscopy also 
offers the possibility for relief of obstruction with the placement of endoluminal 
stents. Endoscopy is often not appropriate nor available in the emergency setting, 
and patients presenting in critical condition might require surgical intervention 
before an endoscopic procedure and evaluation is arranged. When faced outside the 
emergency setting, a lesion that cannot be overlapped with a standard colonoscope 
(diameter 11.8–13.0 mm) is more likely to necessitate an emergency operation, with 
a hazard ratio of 6.9 (1.6–29.7) [4]. This finding demands a quick referral to a 
surgeon.

Obstructing colon cancers can be identified as occurring either proximal or distal 
to the splenic flexure, with the site of the disease having a significant impact on 
treatment options. The left colon is more susceptible to obstruction, most com-
monly in the sigmoid colon [20]. The reasons for this are a relatively narrow colonic 
luminal diameter, a tendency toward morphologically more annular lesions, and 
thicker stool consistency [21].

10.3  Management of Obstruction of the Left Colon

The most common sites for obstruction by colon cancer are the descending and 
sigmoid colon because of the narrow bowel diameter and thicker stool consistency. 
Compared to the proximal lesions, there are significantly more options for the sur-
geon addressing such patients. Even though it is generally accepted that a specific 
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approach must be individualized to each patient, according to the surgeon’s exper-
tise and the available resources, significant controversy remains on the best possible 
emergency management of these obstructing left colon cancers. The treatment alter-
natives are reported in a 2010 guideline statement, which was updated in 2017, from 
the World Society for Emergency Surgery (WSES) and Peritoneum and Surgery 
Society [22, 23].

10.4  Loop Colostomies

An established component of the surgical treatment options for obstructing distal 
colon cancer is the loop colostomy, with the intent of providing definitive oncologic 
resection in a staged approach. The obstruction is therefore controlled in the first 
stage with a proximal loop colostomy formation. In a second stage, the cancer is 
then resected, and the stoma is reversed. Otherwise, the colostomy reversal can be 
performed as a third stage. The transverse or descending colon could be utilized 
depending on the patient and tumor-specific factors. Most of the time, a loop ileos-
tomy is not suggested because the presence of a functional ileocecal valve may 
prevent sufficient relief of the obstruction.

The loop colostomy approach is a safe option best suited to patients who are too 
fragile to undergo resection. The application of this staged approach has the advan-
tage that it minimizes the operative time and the surgical trauma during the acute 
presentation of such patients, when tissue integrity is not optimal and physiologic 
derangements exist. In some cases, the initial colostomy may even be performed 
with only local analgesia [24]. It also decreases the risk of contamination from an 
unprepared bowel and allows complete staging and multidisciplinary review of the 
patients before definitive treatment [25, 26]. Still, loop colostomies are frequently 
associated with high complication rates, including hernia, stomal prolapse, and 
dehydration, and additionally this approach does not allow an oncologic resection. 
Loop colostomy might also be suitable when the cancer invades adjacent organs and 
is locally advanced, limiting the feasibility of a correct oncologic resection in the 
emergency setting.

10.5  Hartmann Procedure

The classic Hartmann procedure requires the resection of the primary lesion with 
the creation of an end colostomy and closing of the distal colon/rectum. Large 
reviews have established the feasibility of an emergency resection following the 
standard oncological principles of high ligation of the vascular pedicle, and retrieval 
of at least 12 regional lymph nodes, and en bloc resection of other adjacent tissues 
for negative margins [27, 28]. Like a loop colostomy, this approach alleviates the 
risk of an anastomotic leak. Hartmann resection is currently considered as the most 
common operation performed for distal colon carcinomas presenting in an emer-
gency setting [29–31].
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The literature has not shown any worse short- or long-term outcomes in patients 
undergoing formal Hartmann resection compared with the staged approach, despite 
the longer operative time for a formal resection. A randomized study by Kronborg 
[32] showed no difference in mortality, recurrence rate, and cancer-specific survival 
between colostomy and Hartmann’s procedure in the emergency-setting patients. 
The only significant difference found in this study was the longer hospital stay in the 
patient group that received the staged approach due to the multiple subsequent oper-
ations needed. Notably, this study has been criticized for its long accrual period, the 
heterogeneous underlying pathology, and the incomplete follow-up. A Cochrane 
systematic review in 2004, that did not include the Kronborg study due to method-
ological flaws, made the same conclusions [33]. The WSES guidelines concluded 
that colostomy formation (staged approach) should be reserved for “damage con-
trol” cases, unresectable tumors, and cases where multimodal treatment is antici-
pated before formal resection [28].

A contradictory conclusion was made by another randomized controlled trial 
(RCT) that found no difference in outcomes, transfusion rates, or duration of hospi-
talization between Hartmann’s procedure and a staged approach [34]. The investi-
gators of this study claim rather that colostomy for staged approach is ideal for 
healthier, younger patients who will undergo a definitive surgery in as little as 
2–3 weeks when less inflammation and bowel distension will allow a technically 
easier and more oncological resection [34]. However, most investigators agree that 
the Hartmann’s resection is the procedure of choice for older patients with a high 
American Society of Anesthesiologists (ASA) score, advanced obstructions, and 
proximal bowel distension and whose underlying medical comorbidities might pre-
clude definitive surgery in a staged manner [28, 32–34].

The main disadvantage of the Hartmann procedure is the residual stoma. The rate 
of Hartmann’s reversal is only 20% among patients with colon cancer, for reasons 
including complications from treatment, advanced disease, and poor performance 
status [35, 36]. Operations to restore intestinal continuity are also associated with 
significant morbidity and mortality rates [15]. Colostomies are not without their 
own complications, and rates increase the longer they are in place, unfavorably 
affecting the quality of life of these patients [37, 38].

10.6  Single-Stage Primary Resection and Anastomosis

For several years, a single-stage oncologic resection with primary anastomosis was 
considered high risk in the emergency setting. Concerns included increased extent 
of surgery and operating room time, difficulty in manipulating and mobilizing a 
distended colon, potential for contamination of the peritoneal cavity, and further 
physiologic derangement to a critically ill patient. Patients may be severely mal-
nourished due to poor oral intake before their presentation with an obstruction. 
Going forward with an operation before nutritional optimization might increase the 
risk for postoperative complications, especially if the proximal bowel is ischemic, 
dilated, or otherwise not appropriate for anastomosis. Of paramount importance are 
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the complications from an anastomotic leak, which can be catastrophic and delay 
adjuvant systemic chemotherapy. Recent extensive studies have established the fea-
sibility of primary resection and anastomosis (PRA) in appropriately selected 
patients. Resection with primary anastomosis can reduce the length of stay and the 
number of operations needed, with similar morbidity and mortality rates. 
Retrospective data and non-randomized reviews show the rate of anastomotic leak 
in the emergency settings to be 2.2–12%, which is almost the same as the rates in 
elective colon resection of 1.9–8% [28]. Thus, in the position statement from the 
Association of Coloproctologists of Great Britain and Ireland, PRA is recommended 
even in acutely symptomatic distal colon cancers [37, 39].

The appropriate patient selection is critical for the success in this high-risk envi-
ronment. Specific factors related to poor outcomes in obstructing colon cancer oper-
ations include surgery within 24  h of presentation, advanced cancer stage, age 
greater than 70, ASA grades III–IV, and preoperative renal failure. For any of these 
factors, either a primary anastomosis with a protecting loop ileostomy or a Hartmann 
resection with end colostomy should be carried out.

10.7  Total Abdominal Colectomy

For selected patients, another option is total abdominal colectomy with ileorectal 
anastomosis (TAC/IRA). It removes the distended and potentially ischemic proxi-
mal colon by resecting back to the healthy terminal ileum for a primary anastomo-
sis. This approach is particularly suitable for cases with suspected synchronous 
tumors or hereditary colorectal cancer syndromes. Another very significant indica-
tion for TAC/IRA is a cecal perforation or impending perforation, which is common 
in advanced distal obstructions.

Overall, leaving the transverse colon intact and performing a double resection to 
remove the cecum and the distal tumor separately are not recommended [40].

10.8  Self-Expanding Stents

Self-expandable metal stents (SEMSs) represent a nonoperative modality to deal 
with distal colon malignant obstructions. These stents were initially developed in 
the 1990s in patients considered as poor candidates for resection surgery or for pal-
liation of obstructions from unresectable tumors [41, 42]. They are also used as a 
temporary “bridge to surgery” therapy, with the goal of allowing elective resection, 
possibly laparoscopic.

SEMSs require the endoscopic placement of a guidewire across the obstructing 
lesion, often with the assistance of fluoroscopy, followed by an uncovered, self- 
expanding metal stent. Balloon dilation is not usually necessary. Once the stent has 
been positioned, success is confirmed by the passing of air and fluid past the obstruc-
tion. If required, the endoscope can be advanced through the stent to visualize the 
proximal colon. Even though stenting is technically feasible for all areas of the 
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colon, it is better studied and more successful for lesions of the left colon. Stenting 
is an attractive option for emergency surgery. Supporters claim that stenting can 
allow the treating team to stabilize the patient, optimize medical comorbidities and 
nutritional status, correct dehydration and other electrolyte imbalances, complete 
the oncologic staging, and engage a multidisciplinary team. Early studies that sup-
ported the use of SEMS in this situation discussed that as a bridge to surgery, stents 
might lower stoma rates and reduce morbidity and mortality if compared to surgery 
alone [42–47]. Not all published data, though, have supported these claims, as in a 
recent observational study that compared SEMS to surgery as a bridge to surgery.

Despite relatively low rates of complications (micro-perforation rate 13%) and 
high technical success rates with stent placement (91%), there was no difference in 
rates of primary anastomosis or stoma creation and no difference in perioperative 
mortality [47].

In a large meta-analysis and systematic review, the clinical success rate by reliev-
ing the obstruction with SEMS placement was only 52.5% overall, compared with 
the 99% achieved with surgery. The morbidity and mortality were again similar 
between groups; however, the rates of primary anastomoses were unexpectedly low 
in the bridge-to-surgery group, only 64.9% compared with 55% in the surgery-first 
group, with no statistical difference. Anastomotic leak rates were marginally better 
in the stented patients but also not statistically significant [48].

Stent placement is not without a risk. In fact, of the six RCTs comparing up-front 
surgery to SEMS in left colon obstructing cancers, half stopped enrollment early 
due to high rates of stent-related complications, most notable perforation during 
deployment [49]. Other complications include migration, failure to relieve the 
obstruction, and subsequent stent occlusion. Tumor perforation during stent deploy-
ment likely mandates emergency surgeries. The peritoneal spillage adds further 
physiologic stress to the patients and might limit the surgical options in the setting 
of feculent peritonitis. Some authors argue that even following uncomplicated posi-
tioning, the local trauma from a stent may boost tumor cell dissemination and 
worsen oncological outcomes [50]. A retrospective comparative study using SEMS 
for a bridge-to-surgery therapy found a higher cancer-specific mortality in the 
SEMS group (48% vs. 21% for surgery only) and a significantly lower overall 
5-year survival in the SEMS group when compared to surgery alone (25% vs. 62%, 
respectively). There were also nonsignificant benefits for the surgery-only group in 
recurrence rates, disease-free survival, and mean time to a recurrence. Stent inser-
tion, in fact, in the study’s multivariate analysis, was the only modifiable factor 
affecting the poor outcomes in that arm. In general, success rates are higher and 
complication rates lower in the SEMS case series when experienced endoscopists 
are involved. Yet, further studies are needed before SEMS is considered the standard 
of care for malignant left colon obstructions. Stents may prevent a morbid operation 
in the existence of the metastatic disease or short life expectancy and allow faster 
initiation of systemic chemotherapy. To limit complication rates, SEMS should only 
be performed by endoscopists with an adequate expertise.
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10.9  Perforation

Perforation is the second most common cause for urgent or emergent surgery asso-
ciated with colorectal cancer, with an incidence range of 2.6–12% [51, 52]. The 
perforations most commonly occur at the site of the primary tumor due to necrosis 
and friable tissue. They may progress to either free or contained perforations, 
depending on the position.

Perforation can also happen proximal to an obstructing cancer. Distension and 
increasing pressure from a complete obstruction distally follow the law of Laplace, 
which can eventually result in ischemia of the proximal bowel and perforations at 
distant proximal sites. The most common site of this type of perforation is the cecum 
[6]. This clinical presentation has been described as an independent prognostic fac-
tor for morbidity and mortality [7]. An obstructing carcinoma increases the risk of a 
perforation, with rates ranging from 12 to 19% [53]. Perforation is described to be 
the most lethal complication of colorectal cancer. In some studies, the mortality 
associated with a secondary peritonitis from perforation is as high as 30–50% 
[1, 54].

10.10  Free Perforation

Free perforation with spillage into the peritoneum is suggested by the classic find-
ings of generalized peritonitis, including involuntary guarding and rebound tender-
ness. CT imaging may show free fluid, air at the perforation site, free air, portal 
venous air, or pneumatosis intestinalis. Colorectal perforation seeding in the perito-
neal cavity is a surgical emergency with a poor outcome. The golden standard in the 
diagnosis of a perforation from colorectal carcinoma is the CT with a specificity of 
95–97%, sensitivity of 95–98%, and accuracy of 95% [1]. These patients can rap-
idly progress into disseminated intravascular coagulation, septic shock, multisystem 
organ failure, and death. Even though emergency surgical intervention is usually 
required, outcomes have been generally poor, with mortality ranging from 6 to 33% 
in older studies [55–57]. Even in the most recent series highlighting advanced criti-
cal care management, by Yamamoto and colleagues [55], the mortality is 12%. Risk 
factors included low preoperative blood pressure and older age. Patients and fami-
lies should be thoroughly instructed about the poor prognosis before any kind of 
operation in the emergency setting of a perforated colorectal cancer.

The surgical approach is typically an open exploration and thorough washout 
with the identification of the perforation site. Even without the established diagnosis 
of malignancy, resection of the perforated site should follow the principles of onco-
logic resection with extended lymphadenectomy for a precise pathology staging.

Despite the poor perioperative mortality, patients that present with perforation 
from a colorectal carcinoma, without findings of extensive metastatic lesions, 
should still be treated with a curative intent. Tumor perforation does not directly 
impact the M stage but upstages the lesion’s T stage to T4. An oncologic resection 
typically concludes with the creation of an end stoma. Primary anastomosis may be 
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considered in the carefully selected patient, given that the anastomosis is protected 
with a diverting loop ileostomy [29].

Lesions proximal to the splenic flexure, when they cause perforation, are twice 
more probable to result in peritonitis rather than to localized abscess [58]. As well, 
poorly contained leaks should also be expected when the perforations mentioned 
above happen at a distal obstructing carcinoma, which ends in ischemia and perfo-
ration of the proximal bowel, most of the time, the cecum. The operation of choice 
in these situations is subtotal colectomy. An ileorectal or ileocolic anastomosis may 
be considered in low-risk patients.

10.11  Abscess

Contained perforations may possibly present with localized tenderness. Imaging 
could reveal a phlegmon or an abscess, which is more common than free perforation 
in the descending and sigmoid colon lesions [59]. Many cases of perforated colorec-
tal carcinomas presenting as abscesses are not diagnosed preoperatively and can 
mimic diverticulitis or appendicitis on CT imaging.

The role for percutaneous drainage of a contained perforation from a carcinoma 
differs from that of a benign disease. In the presence of extensive metastatic disease, 
treatment with antibiotics and percutaneous drainage avoids the morbidity of an 
operation. In some cases, however, drawn-out infectious complications can delay 
systemic chemotherapy.

In the absence of widely disseminated disease, percutaneous drainage of a con-
tained perforation may result in seeding tumor cells along the drainage tract, mak-
ing the disease metastatic [59]. When malignancy is suspected, drains should be 
placed in a manner where the drain tract and the skin can be resected en bloc with 
the cancer in a later stage. Definitive surgical management involves the en bloc 
resection of the mass and any invaded adjacent organs and/or percutaneous drains 
whenever it is technically possible [1].

10.12  Bleeding

In patients with colorectal cancer, gastrointestinal bleeding is reported in up to 50% 
of the cases [1, 60]. Most of these bleedings, however, are self-limited, are of low 
volume, and do not require an emergency surgical intervention. Bleeding is fre-
quently an early symptom of a colorectal tumor, which is associated with a lower 
risk of advanced stage at presentation. Patients often remember precisely, to the day, 
when the bleeding began, unlike the insidious onset of an obstructing cancer [61]. 
Bleeding is sometimes complicated by the fact that most acute tumor bleeding is 
likely to happen in the setting of chronic anemia due to cancer and blood loss from 
the tumor. Massive, acute gastrointestinal bleeding from a colorectal tumor is rare. 
The initial management is targeted at resuscitation, establishing large-bore IV 
access, stabilizing the patient with crystalloid, and correcting any underlying 
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coagulopathy or other metabolic abnormalities. Localization of the source of bleed-
ing should be attempted before any surgical treatment whenever possible in the 
clinically stable patient. 1 Endoscopy can identify the source in 74–89% of cases, 
although this technique may be limited in an unprepared colon [62, 63]. A less sen-
sitive modality is the tagged red blood cell scan, which localizes the source of 
bleeding in 26–72% of the cases. Nevertheless, it cannot detect bleeding at rates as 
low as 0.1 mL/min, making it a potential screening test before angioembolization. 
Embolization has documented success rates of 42–86%; however, it has the risk of 
worsening, if present, intestinal ischemia [1, 64]. This option might be more attrac-
tive in the case of a metastatic disease to avoid laparotomy and associated delays in 
starting systemic chemotherapy.

Surgery is still the most effective and definitive approach when dealing with a 
bleeding colorectal cancer. Some general indications for surgical intervention 
include (a) slow bleeding requiring more than three units of blood products per day, 
(b) hemodynamic instability despite transfusion of more than six units of blood 
products, (c) inability to stop the bleeding with endovascular or endoscopic tech-
niques, or (d) recurrent and persistent episodes of hemorrhagic shock [65]. Resection 
should follow the oncologic principles with a curative intent when the site of hemor-
rhage has been localized. The decision to perform a PRA with or without proximal 
diversion or form a stoma should be carefully considered in light of any coagulopa-
thy, anemia, and unstable hemodynamics that often come with the bleeding patient.

10.13  Minimally Invasive Surgery

Several case series and case-control studies have described an emergency laparo-
scopic colectomy for symptomatic colorectal cancer. Laparoscopy typically requires 
longer operative times but is associated with lower blood loss, shorter hospital stay, 
and similar morbidity and mortality when compared with open surgery. The rates of 
conversion to open surgery range from 0 to 17% in emergency colectomies [63, 66].

Appropriate patient selection is central to the safety and feasibility of minimally 
invasive techniques in the emergency setting. A prerequisite is the surgeon’s experi-
ence with elective laparoscopic colectomy techniques.

The first case report of an emergency robotic colectomy was recently published 
for a hemorrhagic right-sided colon cancer, with good postoperative and oncologic 
outcome [63].

10.14  Outcomes

The feasibility and effectiveness of oncologic resections in the emergency setting 
have been well demonstrated. Teixeira et al. [7] documented that R0 resections are 
possible in up to 92% of emergency colectomies. Patients for whom R0 resections 
were not achieved had bulky T4 lesions or could not tolerate more radical en bloc 
resections. Adequate lymphadenectomy (>12 nodes) was documented in 71% of the 
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cases. The oncologic and long-term outcomes for colorectal cancers presenting with 
emergency complications are worse than their elective counterparts. A recent retro-
spective review from Ireland included 34% of colon resections performed emer-
gently and collected during the long-term follow-up to assess oncologic outcomes. 
Emergency resections were performed with perforation as the diagnosis for 8% of 
the cases, in which the lesions were more often T4 (38% vs. 13%) and lymph node 
positive (58% vs. 38%). Positive margin rate was much higher compared to the elec-
tive cases and found in 10% of emergency cases compared with only 1% of elective 
cases. The median survival for emergency cases was 59  months compared with 
82 months for elective cases during the same time for a 5-year follow-up [10]. Other 
investigators showed similar results [67], although precisely the cause for these 
worse outcomes is still under debate [68].

High complication rates have been associated with urgent or emergent colectomy.
One retrospective review of 209 consecutive colectomies in a single institution 

found higher rates of wound infections and wound dehiscence and a higher rate of 
intra-abdominal abscesses in emergency colectomies [67]. The perioperative mor-
tality rates for emergency colorectal cancer resections range from 5 to 34% [68–71]. 
The imminent threats to life will dictate how resources are assigned to the resuscita-
tion and preoperative workup. The liberal use of stomas is encouraged and demon-
strated in most series.

10.15  Conclusion

Specific complications occur frequently in patients with left colon cancer and 
threaten immediate survival and long-term oncological outcomes. Multidisciplinary 
management (surgeons, radiologists, endoscopists, oncologists) is required, and 
oncological principles should be respected during emergency treatment.
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Ga-ram Han, Justin T. Brady, Mohamad B. Sonbol, 
and Vanessa P. Ho

11.1  Introduction

Colorectal cancer patients present as emergencies in approximately 30% of cases, 
despite screening with colonoscopy, computed tomography (CT) colonography, 
fecal occult blood tests, fecal immunochemical tests, and fecal deoxyribonucleic 
acid (DNA) test [1, 2]. Unfortunately much of the literature on colorectal emergen-
cies is not specific to rectal cancer. However, there are three common types of surgi-
cal emergencies encountered in rectal cancers: obstruction, perforation, and 
bleeding. When feasible, management of these emergencies should address life- 
threatening acute disease while still optimizing oncologic outcomes [3]. In the elec-
tive setting, rectal cancer workup includes a full colonoscopy; staging computed 
tomography of the chest, abdomen, and pelvis; magnetic resonance imaging (MRI) 
of the pelvis with rectal cancer protocol; and serum carcinoembryonic antigen 
(CEA) level [4]. Unfortunately, this is not feasible in an emergency presentation. In 
addition, patients requiring emergency interventions tend to present with more 
advanced disease and subsequently have increased morbidity and mortality [5]. In 
cases of advanced rectal cancer warranting palliative treatment, a multidisciplinary 
approach should be taken with shared decision-making, taking into consideration 
the patient’s priorities and anticipated life expectancy.
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11.2  Obstruction

11.2.1  Clinical Presentation

The initial presentation of 8–29% of patients with colorectal cancer is with obstruc-
tive symptoms [6]. Patients with obstructing rectal cancers may present with crampy 
abdominal pain, distension, or obstipation. History may also reveal constipation, 
hematochezia, unintentional weight loss, mucoid stools, or change in the caliber of 
the stool. Emesis tends to be a late finding and may not occur in the presence of a 
competent ileocecal valve. In patients with low rectal cancer, patients may have a 
history of tenesmus or sensation of incomplete evacuation with bowel move-
ments [7].

11.2.2  Workup

A focused history should include the date of last colonoscopy and a family plus 
personal history of colon polyps or cancer. In the absence of complications, the 
abdominal exam is usually non-tender. Focal tenderness may be suggestive of isch-
emia or localized perforation. Generalized tenderness with guarding and rebound is 
suspicious for a bowel perforation. Patients with a competent ileocecal valve and a 
complete large bowel obstruction are at particular risk for cecal perforation due to 
closed loop physiology. Tachycardia can reflect intravascular dehydration or 
impending bowel compromise. Digital rectal examination should evaluate for a hard 
mass, although malignancy in the proximal rectum may not be palpable. The size, 
distance from the anal verge, top of the anal sphincters, and presence of fixation to 
the surrounding structures should be noted. Lastly, patients should be examined for 
signs of lymph node or distant metastases by evaluation for jaundice, scleral icterus, 
and inguinal or supraclavicular lymphadenopathy [7].

Workup should include complete blood count and comprehensive metabolic 
panel. Results may reveal evidence of fluid sequestration in the intestines causing 
hypovolemia and electrolyte derangements. Leukocytosis is a worrisome finding 
and could suggest near or complete obstruction or associated complications such as 
perforation.

An upright and supine abdominal radiograph is a reasonable choice for the first 
imaging study as it is quick, easy, and cost-effective to identify surgical emergen-
cies including free air or pneumatosis coli. It has been shown to have a sensitivity of 
84% and specificity of 72% for diagnosing large bowel obstructions [8]. Abdominal 
X-rays may also be used to estimate the cecal diameter; a diameter greater than 
9–12 cm is worrisome for impending perforation.

In a patient with an acute large bowel obstruction suspected to be related to rectal 
cancer, CT of the abdomen and pelvis with intravenous contrast is the diagnostic 
test of choice. It has a sensitivity of 91–96% and a specificity of 91–93% in the 
diagnosis of colonic obstruction [9, 10]. It can diagnose large bowel obstruction and 
provide valuable information about the tumor including location, extent of tumor 
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involvement, and presence of lymphadenopathy or distal metastases. It may also 
define the size of the colonic diameter, reveal whether the ileocecal valve is compe-
tent based upon the presence of small bowel dilation, and identify the presence of 
complications including perforation, ischemia, and/or necrosis.

Contrast enemas may provide further information with a sensitivity of 80–96% 
and specificity of 98–100% for diagnosing colonic obstructions, although these may 
be deferred in the acute setting in favor of cross-sectional CT imaging [8, 11]. For 
enemas, the preferred contrast material in these cases is an air contrast or water- 
soluble contrast study, as barium increases the risk of peritonitis and mortality if a 
bowel perforation is present [7, 12]. Localization of the level of obstruction is more 
accurate than with standard plain films, and an “apple-core” lesion may be identi-
fied. Water-soluble contrast enemas may also detect small intraluminal lesions that 
can be challenging to identify on CT scans of a stool-filled colon although these are 
unlikely to cause obstruction [11]. Despite these benefits, contrast enemas are infre-
quently obtained as they may increase abdominal pain and risk of perforation.

TNM staging is not required in the emergent setting but may be completed after 
management of the acute disease; most patients presenting with obstructive rectal 
cancers have already progressed to stage III or IV disease [3]. If possible, obtaining 
a CT scan of the chest for staging may be helpful to anticipate the needs for adjuvant 
chemotherapy if lung metastases are present.

11.2.3  Treatment

Obstructive rectal cancers pose a challenging scenario; treatment goals are to relieve 
the obstruction while optimizing the overall oncologic outcomes. Obstructing 
tumors tend to be locally advanced, and it can be difficult to achieve the desired 
oncologic margin with emergent resection [13]. The presence of an obstructing 
tumor has been suggested by some to be an indication for neoadjuvant therapy [14]. 
We advocate avoiding oncologic resection in the emergent setting for an obstructing 
rectal cancer to permit the administration of neoadjuvant therapy prior to resection 
(Fig. 11.1). However, this remains an area of debate.

Management should begin with resuscitation and correction of any electrolyte 
derangements. Treatment of the obstruction must be performed expeditiously to 
avoid progression to ischemia or perforation. In patients with a competent ileocecal 
valve, the obstructing mass causes a “closed loop” configuration, and therefore, 
these patients are at the highest risk of perforation [15]. Patients with emesis or 
evidence of an incompetent ileocecal valve may benefit from decompression with a 
nasogastric tube while awaiting more definitive management. Signs of generalized 
peritonitis, perforation, or closed loop physiology with ischemia or necrosis man-
date emergent surgical intervention. The tumor distance from the anal verge should 
be characterized to determine options for further management. Proximal tumors are 
10–15 cm from the anal verge, while distal tumors are 0–5 cm from the anal verge.

In patients with proximal rectal cancer, there are two options available: endo-
scopic stent placement and proximal diverting stoma creation. Several case series 
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Fig. 11.1 Management of malignant obstruction due to rectal cancer

have suggested that there may be a higher local rectal cancer recurrence rate in 
patients who undergo stent placement although this has not yet been definitively 
demonstrated in the literature. Possible reasons for the increased local recurrence 
rates could be due to the risk of perforation with endoscopic stent placement and 
shedding of tumor cells during stent deployment or secondary to local inflammation 
from the presence of the stent [16, 17]. If the patient is expected to have a limited 
life expectancy, then stenting may be the better palliative option. There is the risk 
that endoscopic insufflation for stent placement could make colonic distention 
worse and present an increased risk for perforation for patients with a competent 
ileocecal valve, so patients must be chosen carefully. If, however, the small bowel 
distension suggests an incompetent ileocecal valve and/or the cecum is not dilated 
as a result of obstruction, stent placement as a bridge to surgery is a reason-
able option.

In patients with distal rectal cancer, decompression with a proximal diverting 
stoma is strongly recommended [3]. Endoscopic stent placement is not anatomi-
cally feasible in the lower rectum as the distal extent of the stent must be placed 
above the anorectal ring. Failure to do so could cause chronic perianal pain, fecal 
urgency, tenesmus, fecal incontinence, poor quality of life, and increased risk of 
stent migration [18].
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11.2.4  Creation of a Diverting Ostomy

Emergent fecal diversion may be achieved through creation of a proximal diverting 
loop ostomy. The loop configuration allows for fecal passage through the afferent 
limb as well as venting of the bowel between the stoma site and the obstruction [19]. 
In addition, a loop ostomy permits endoscopic evaluation of the entire colon for 
synchronous lesions prior to the definitive oncologic resection. It is pertinent to note 
that emergent surgery due to obstructing colorectal cancer is associated with a mor-
tality rate of 15–34% and a morbidity of 32–64% [20].

If feasible, preoperative stoma site marking should be performed. In the setting 
of obstruction, it may be difficult to assess for sites of skin folds, but it is important 
to make sure that the patient can see the stoma in cases of a large pannus. Preoperative 
preparation should include broad-spectrum antibiotics, a urinary catheter, and 
lithotomy positioning to allow access to the rectum. Depending on the patient’s 
degree of abdominal distension and body habitus, a laparoscopic approach may be 
considered. Minimally invasive surgery has been shown to have a shorter recovery 
time and reduced rates of infectious complications, both of which may facilitate 
timely initiation of neoadjuvant therapy. However, bowel distension causing loss of 
abdominal domain may preclude a laparoscopic approach. In addition, open surgery 
may result in increased adhesion formation, rendering the subsequent resection lon-
ger or more challenging.

Diversion via a sigmoid loop colostomy is recommended. In the subsequent 
oncologic resection, the sigmoid colostomy may serve as the proximal end of the 
anastomosis. Other stoma options include a transverse loop colostomy or a divert-
ing loop ileostomy. A transverse loop colostomy has an increased risk of prolapse, 
making it difficult for the patient to manage, and subsequent colostomy takedown 
can be technically more challenging. A diverting loop ileostomy could theoretically 
cause a closed loop obstruction between a competent ileocecal valve and the 
obstructing tumor and would not alleviate the risk of cecal perforation. Patients who 
have had prior mobilization of the right colon or who have distended small bowel on 
preoperative imaging may have an incompetent ileocecal valve, and therefore this 
theoretical risk may not be relevant. However, increased risk of fluid loss via an 
ileostomy is still a consideration. To date, there is no data to indicate which type of 
diversion—colostomy or ileostomy—is superior. We recommend against creation 
of a right-sided colostomy as it is more challenging to reverse than an ileostomy and 
provides no functional benefit over loop ileostomy.

11.2.5  Endoscopic Stent Placement

An alternative option for the stable patient with proximal to mid-rectal tumors who 
have no signs of ischemia or perforation is endoscopic placement of self-expanding 
metal stents. This procedure is performed under moderate sedation in the endoscopy 
suite with the assistance of fluoroscopy. The stent should have at least a 2 cm over-
lap with normal colon on either side of the lesion and have a diameter of at least 
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24 mm [21]. Endoluminal stenting can provide decompression of the bowel, elimi-
nate the need for a surgical procedure under general anesthesia, and serve as a 
bridge to a semi-elective oncologic resection [22]. It has a success rate of 83–99% 
and a short recovery time which allows rapid initiation of neoadjuvant therapy 
[23, 24].

Stent placement must be carefully utilized, as it has a major complication rate of 
23–32% including ulceration, bleeding, tenesmus, occlusion, stent migration, and 
perforation [24, 25]. Stent placement is not recommended in patients who are on an 
antiangiogenic agent such as bevacizumab because of the heightened risk of perfo-
ration [26]. Dilation of the narrowing prior to stent placement is also discouraged 
due to an increased risk of perforation [23]. Stents that are placed too far distally 
may cause symptoms of anorectal pain that are prohibitive. It is therefore recom-
mended that the lesion be at least 3 cm proximal to the top of the anal sphincters to 
undergo stenting [27].

After stent placement, the obstructive symptoms should subside within a few 
days. Abdominal radiograph may be used to evaluate stent position and to confirm 
appropriate bowel decompression.

11.2.6  Palliative Care

Endoscopic placement of self-expanding metal stents is the recommended treat-
ment for patients that present emergently with an acute large bowel obstruction but 
have widely metastatic disease, terminal life expectancy, or comorbidities that pre-
clude resection. In this subset of patients, stenting can be successfully placed in up 
to 97% with a short hospital length of stay and with relatively low rates of morbidity 
and mortality [27]. Repeat treatment may be needed such as endoscopic interven-
tions, re-stenting, or subsequent fecal diversion [27, 28]. Palliative stenting does not 
change long-term survival but does improve quality of life with equally effective 
decompression compared to surgical management in this population [29].

Other palliative options are laser therapy or fulguration. If these less invasive 
procedures are unable to decompress the large bowel, a palliative diverting stoma 
may be considered [15]. In the stable patient with a partial bowel obstruction due to 
rectal cancer and without proximal bowel dilatation, chemoradiotherapy may be a 
reasonable option for symptomatic management and to prevent progression to com-
plete obstruction.

In patients unable to undergo stent placement, laser therapy is a viable palliative 
option with a 65–91% rate of achieving long-term relief of obstructive symptoms 
[30–34]. Treatment usually requires multiple sessions to be effective; thus, for 
patients with an acute obstruction, in general, this is not an option. Advantages of 
laser therapy include simple application, cost-efficiency, and minimal morbidity or 
mortality [35]. Furthermore, laser therapy can treat obstruction and bleeding, 
whereas a diverting stoma does not address bleeding symptoms [36]. The risk of 
complications increases with multiple therapy sessions and includes bleeding, 
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perforation, fistula formation, and pain [33]. Laser therapy can be used after self- 
expanding metal stent placement for tumor ingrowth causing reocclusion.

Endocavitary fulguration involves debulking of the rectal tumor under regional 
or general anesthesia and is another option for palliation of obstructing rectal can-
cers that is now rarely used.

11.3  Perforation

11.3.1  Clinical Presentation and Workup

Perforation in colorectal cancer is overall rare, occurring in 2.6–12% of patients, but 
has significant negative implications for patient outcomes [37]. The mortality rate 
for tumor-related perforation presenting emergently is as high as 65% [3]. Surgeons 
should have a keen suspicion that perforation often represents locally advanced dis-
ease and potentially metastatic disease. The presentation can be quite variable based 
on if the perforation is intraperitoneal, extraperitoneal, a free perforation, or con-
tained. Additional factors to consider are if the patient is currently receiving chemo-
therapy as this may affect clinical presentation and therapeutic options. Regardless 
of the situation, the immediate priority is to control sepsis, followed by optimization 
of oncologic outcomes. Rectal cancer is best treated in a multimodal fashion; thus, 
definitive resection is usually reserved for a later date and temporizing surgery may 
be preferred.

11.3.2  Intraperitoneal Perforation

Patients with a high rectal cancer with intraperitoneal perforation will present with 
the typical signs of a perforated viscus including tachycardia, fever, generalized 
peritonitis, altered mental status, and tachypnea. Patients with contained perforation 
may present with focal peritonitis. In patients with perforated cecum due to a down-
stream obstruction, the symptoms may resemble late appendicitis with generalized 
peritonitis [7].

We recommend CT scan of the abdomen and pelvis with IV contrast for diagnos-
tic imaging. CT scan has a sensitivity and specificity greater than 95% for detection 
of perforation [38]. In general, oral contrast has a limited role when there is concern 
for perforation from rectal cancer and will provide an undue delay in obtaining the 
scan. Rectal contrast may be helpful in defining patient anatomy and the extent of 
perforation but does have the theoretical risk of worsening intraperitoneal contami-
nation. The additional benefit of CT scan is that it allows for staging of the abdomen 
for evidence of liver metastasis or carcinomatosis. If CT scan is unavailable or the 
patient is hemodynamically unstable, an acute abdominal X-ray series (including an 
upright chest radiograph to assess for free air) can be combined with contrast enema 
radiograph to evaluate for obvious extravasation. If there is concern for perforation, 
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it is important to notify the performing radiologist so that water-soluble contrast is 
used instead of barium due to the risk of barium peritonitis.

11.3.3  Extraperitoneal Perforation

Patients with an extraperitoneal perforation will often present with symptoms of 
rectal pain and may also have tachycardia and fever. On physical exam, they may 
have minimal discomfort on abdominal exam due to a low perforation. On digital 
rectal exam, a defect may be felt for a low-lying tumor or elicit pain due to local 
inflammation if a defect is not palpated.

For imaging evaluation, we again recommend CT scan of the abdomen and pel-
vis with IV contrast. The use of rectal contrast in this setting may further define the 
perforation anatomy but often is not tolerated due to pain. If CT is not available, 
plain-film X-rays to rule out intra-abdominal perforation are helpful. Contrast 
enema in the setting in which CT is not available is the best imaging test to delineate 
the rectal anatomy. Although rectal MRI is the local staging imaging of choice, in 
addition to CT, it should be deferred until after control of sepsis.

11.3.4  Treatment

Management of tumor-related perforation begins with resuscitation, correction of 
metabolic derangements, and administration of IV antibiotics. Further treatment 
depends on the level of perforation as well as the stability of the patient (Fig. 11.2).

11.3.5  Intraperitoneal Perforation

Perforation of high rectal cancers that are intraperitoneal can be treated similarly to 
perforation due to colon cancers. Emergent surgery is generally required, with the 
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Fig. 11.2 Management of bowel perforation due to rectal cancer
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primary goal of controlling contamination [3]. A well-placed clamp or suture across 
the site of perforation is the first step of the operation. The next steps depend on 
patient stability and site of perforation. Patients may perforate at the site of the 
tumor due to locally advanced disease. They may also perforate upstream from the 
tumor due to obstruction as mentioned previously [7]. If the perforation occurs 
immediately proximal to the malignancy, an extended resection to include both 
areas of pathology may be considered [3]. If the proximal perforation is far removed 
from the tumor site (i.e., the cecum), we recommend resection of the perforated seg-
ment with creation of a proximal end stoma and mucous fistula. We advise against 
trying to anastomose the colon and create a more proximal stoma as the intervening 
segment of bowel is often attenuated from the obstruction and not amenable to anas-
tomosis. Options for reconstruction and closure also depend upon the patient’s clin-
ical status at the time of surgery.

We will focus on perforation at the site of tumor for the discussion below. In the 
unstable patient, simple bowel resection at the site of perforation with the bowel left 
in discontinuity and temporary abdominal closure may be all that is possible. After 
aggressive resuscitation in the intensive care setting, the patient can be brought back 
to the operating room for a more definitive surgery.

For contained perforations, one can consider drainage by interventional radiol-
ogy (IR), but this is a temporizing measure as tumor does not tend to seal itself as 
compared to IR drainage of diverticular abscesses. This may allow for complete 
staging of the patient and/or transfer to a higher volume rectal cancer center for 
more definitive treatment.

For the stable patient, a definitive operation is preferred. Surgeons should aim for 
an oncologic resection with 5 cm proximal and distal margins for upper rectal can-
cers and 1–2 cm for more distal rectal cancers. In general, a high ligation of the 
inferior mesenteric artery near the takeoff from the aorta allows for appropriate 
yield of at least 12 lymph nodes [4]. The distal dissection will involve entering into 
the avascular mesorectal plain for an oncologic total mesorectal excision (TME). It 
is easiest to enter this plane posteriorly and carry the dissection around anteriorly. It 
is important to identify and protect the ureters during this dissection. Most patients 
in this situation are best served with an end colostomy. Factors to be considered 
when deciding whether to perform an anastomosis include patient stability, medical 
comorbidities, tissue quality, technical challenges in performing a tension-free 
anastomosis, and duration and extent of fecal contamination [15]. Carefully selected 
patients may undergo primary anastomosis, but in that scenario, strong consider-
ation should be made for a diverting loop ileostomy. If the surgeon is unfamiliar 
with this anatomy, it may be better to transfer the patient to a tertiary center with an 
available colorectal surgeon rather than perform an oncologically inadequate sur-
gery or risk injuring neighboring structures.
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11.3.6  Extraperitoneal Perforation

For extraperitoneal perforations, the septic source is somewhat confined within the 
mesorectum. These patients are most likely to benefit from a multidisciplinary 
approach for their lower rectal cancer including neoadjuvant chemoradiotherapy. 
Thus, surgical interventions should aim to minimize further contamination. Some 
patients may be managed with percutaneous drainage, but there is concern for seed-
ing the drainage tract with tumor cells which could make the patient unresectable. 
Therefore, any drain should be placed such that the drain and tract can be later 
excised. Because of this concern, many patients undergo proximal diversion as a 
method to control sepsis.

Similar to the management of tumor-related obstruction, the preferred stoma is a 
diverting loop sigmoid colostomy. In the setting of nonreconstructible rectal cancer, 
the distal limb can be transected, and the proximal sigmoid stoma limb left in situ 
as the definitive stoma. If a sigmoid colostomy cannot be fashioned, a loop ileos-
tomy is preferred as these patients will often require ileostomy following oncologic 
rectal cancer resection after neoadjuvant therapy.

After the patient has been treated with neoadjuvant chemoradiation, the onco-
logic resection should include the usual margins as well as all tissues that have been 
exposed to the malignant cells by the contained perforation and drainage tracts. This 
may require a more extensive procedure such as a pelvic exenteration or extra- 
mesorectal dissection [15].

11.4  Bleeding

11.4.1  Clinical Presentation

Rectal cancer is a relatively rare cause of emergent, severe lower gastrointestinal 
bleeding, accounting for under 10% of all bleeding episodes in patients greater than 
50 years of age [39]. It is more likely to present as a low-volume, transient, or inter-
mittent bleed that prompts evaluation with an outpatient colonoscopy, leading to the 
diagnosis of rectal malignancy [11, 39]. However, it is not uncommon for patients 
with rectal bleeding or rectal cancer to have a delayed presentation. Patients may 
attribute rectal bleeding to hemorrhoids and defer proper evaluation [15]. A study 
by Forbes et al. looking at the risk factors for delay in symptomatic presentation in 
patients with malignancies found that 37% of patients with rectal cancer sought 
medical care over 3 months after the onset of symptoms, ranking this disease as the 
second most common type of malignancy to have a delayed presentation [40].

When rectal cancer presents with lower gastrointestinal bleeding in the emer-
gency department, patients report bright red blood per rectum and other symptoms 
of acute blood loss anemia including lightheadedness, unsteadiness, fatigue, palpi-
tations, nausea, thirst, diaphoresis, clammy skin, visual changes, irritability, leth-
argy, confusion, or syncope. They may complain of other symptoms of rectal cancer 
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such as change in bowel habits, malaise, weight loss, abdominal pain, or pelvic 
pain [7].

11.4.2  Workup

A focused history should be obtained to characterize the rectal bleeding including 
the volume of blood loss and any recent rectal trauma. History-taking should include 
previous GI bleeding, prior colonoscopy results, prior diagnoses of colorectal 
malignancy or anorectal pathology, previous abdominopelvic surgeries or proce-
dures, and any family history of colorectal cancer and/or inflammatory bowel disor-
der. It should also include screening for factors that may cause prolonged bleeding 
such as anticoagulant or antiplatelet use, liver failure, chronic renal disease, or 
bleeding disorders.

Severe hematochezia is defined as continued bleeding in the first 24 h of admis-
sion, a fall in hemoglobin by at least 2 g/dL, and requirement of at least 2 units of 
packed red blood cell (PRBC) transfusions. Severe bleeding may cause hemody-
namic changes that reflect the degree of blood loss. Patients with <15% blood loss 
in Class I hemorrhage exhibit mild tachycardia. With 15–30% blood loss (Class II), 
patients become tachypneic and the pulse pressure narrows. Class III hemorrhage 
with 30–40% blood loss leads to hypotension and pale, cool skin. Class IV hemor-
rhage with >40% blood loss causes hypotension with end-organ effects such as 
altered mental status, loss of consciousness, and, eventually, cardiac arrest.

In patients with rectal tumor-associated bleeding, patients often have painless 
hematochezia with a benign abdominal examination. External perianal examination 
should be performed to evaluate for significant hemorrhoids, anal fissure, or rectal 
prolapse. On digital rectal examination, a rectal mass may be palpated. If it is not 
obviously apparent that the hematochezia is due to a lower gastrointestinal source, 
a nasogastric tube should be placed for examination of the color of the gastric fluid. 
If the gastric aspirate is bloody, evaluation for an upper GI source should commence.

Workup should include complete blood count, comprehensive metabolic panel, 
coagulopathy panel, and type and screen. Depending on the duration and severity of 
the tumor-associated hemorrhage, patients may have a normal hemoglobin or may 
exhibit normocytic anemia. The acute bleeding episode may be superimposed on 
anemia of chronic disease due to malignancy or on chronic anemia secondary to 
low-volume tumor-associated bleeding, previously attributed to benign anorectal 
pathology such as hemorrhoids [11].

Anoscopy and rigid proctosigmoidoscopy are cheap, rapid diagnostic tools that 
can be performed at the bedside. Common anorectal causes for bleeding can be 
ruled out, such as hemorrhoids, rectal prolapse, diverticular bleeding, or proctitis, 
and bleeding rectal tumors can be visualized [41]. The distance of the rectal tumor 
from the anal verge should be noted for eventual surgical planning [41]. In patients 
with brisk, arterial bleeding, anoscopy and proctosigmoidoscopy can also guide 
application of packing to temporize the bleed. In stable patients, colonoscopy is the 
recommended diagnostic modality to localize the bleeding site and has the 
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advantage of also being therapeutic. Although a bowel prep is helpful, it is not nec-
essary in all patients. The bleeding rectal tumor can be identified, and synchronous 
colorectal lesions should be ruled out. Endoscopic treatment modalities are dis-
cussed in the next section.

Imaging modalities include CT angiography, tagged red blood cell scans, and 
traditional angiography, though for patients presenting in the emergency setting 
with rectal bleeding, the source may be more evident. CT angiography is the pre-
ferred initial imaging and can localize the area of hemorrhage with a sensitivity of 
approximately 92% with active bleeding [39]. In patients with intermittent bleed-
ing, the sensitivity decreases to 45–47% [15]. It is quick, widely available, does not 
require a bowel prep, and can detect bleeds with a rate as low as 0.3 mL/min [15]. 
Only IV contrast should be given as oral, or rectal contrast may obscure localiza-
tion. The arterial phase images are best for identifying active extravasation or vas-
cular malformations, while the portal venous images are valuable in detecting bowel 
wall thickening or hypovascular lesions [39]. Disadvantages include the exposure to 
ionizing radiation, potential for kidney injury due to IV contrast, and low sensitivity 
of localization with intermittent bleeds. It also allows for planning for IR-guided 
interventions.

Tagged reg blood cell scans have a sensitivity of 93% and specificity of 95% and 
can be used with bleeding rates as low as 0.04 mL/min [42]. However, these scans 
take time to perform the red blood cell radiolabel. In addition, for patients present-
ing with emergent bleeding, the site should be easily found via rigid 
proctosigmoidoscopy.

Although traditional angiography is an option for bleeding localization, it is 
infrequently used for initial diagnosis due to its invasive nature and the efficacy of 
the other two forms of imaging. This method can localize the hemorrhage with a 
bleeding rate as low as 0.5–1.5 mL/min [15]. If interventional radiology treatments 
(e.g., angioembolization) are required, traditional angiography is performed at the 
beginning of the case to establish the target treatment site.

11.4.3  Treatment

Management of the patient presenting emergently with a bleeding rectal mass 
should begin with standard resuscitation, including two large-bore IVs with crystal-
loids or blood transfusions as needed. Underlying coagulopathy or metabolic 
derangements should be corrected. Direct pressure should be applied, if possible, to 
the area of hemorrhage. Control of the bleeding site may be achieved with local 
interventions, endoscopic therapies, interventional radiology therapies, radiation 
therapy, or surgical intervention (Fig. 11.3).
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Fig. 11.3 Management of lower gastrointestinal bleeding due to rectal cancer

11.4.4  Local Interventions

If the patient can tolerate bedside examination with anoscopy or rigid proctoscopy, 
local interventions may be attempted to achieve hemostasis. Packing may be placed 
in the rectum to tamponade the bleeding and temporize the bleeding until more 
definitive treatment can be pursued. The packing material may be using Kerlix or 
topical thrombogenic materials such as Surgicel® (Ethicon, Cincinnati, OH, USA) 
or Gelfoam® (Pfizer, New  York, NY, USA). Treatment of the bleeding site with 
formalin swabs may be considered. However, the application of formalin can cause 
a burning sensation if touching the perianal skin and be difficult to tolerate. In addi-
tion, care should be taken to avoid accidentally touching healthy tissue with the 
formalin swab.
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11.4.5  Endoscopic Therapies

Colonoscopy is diagnostic and therapeutic and may localize the bleeding site in 
74–100% of patients [15]. If patients are stable, this is the diagnostic and therapeu-
tic modality of choice. A bowel prep is helpful but may not be necessary. Sometimes, 
a tap water enema may suffice. Overall, endoscopic therapies are effective in attain-
ing hemostasis but are encumbered by significant rebleeding rates [43]. Nevertheless, 
these treatment modalities may help the patient avoid undergoing an emergent oper-
ation or may temporize the bleeding long enough to allow treatment with chemo-
therapy, radiation therapy, or an oncologic resection [43].

Depending on the tumor morphology and size, clips, bands, or Endoloops® 
(Ethicon, Cincinnati, OH, USA) may be used [44]. The rebleeding rate with clips is 
as high as 33%, and with bands, it is approximately 6% [15]. Tumor-associated 
bleeding is often diffuse. The bleeding surface may be sprayed with topical agents 
such as thrombin products or Hemospray® (Cook Medical, Bloomington, IN, USA), 
a hemostatic powder approved for hemostasis in non-variceal GI bleeds [44]. 
However, if there is persistent bleeding, the topical agent can obscure the site of 
bleeding, making it more difficult to target further therapies. Alternatively, ethanol, 
epinephrine, or hypertonic saline with epinephrine may be injected around the 
bleeding site to promote thrombogenesis [44]. Rebleeding rate with epinephrine 
injection has been reported to be as high as 35% [15].

Contact and noncontact thermal techniques may be used endoscopically. Contact 
thermal therapies include the use of monopolar or bipolar electrocautery, heater 
probes, or coagulation forceps. Although these methods have high rates of initial 
success, studies have shown a 33–80% risk of rebleeding within 30 days [44].

Noncontact thermal therapies include laser ablation and argon plasma coagula-
tion (APC). Endoscopic laser coagulation is most often performed using the neo-
dymium yttrium argon garnet (Nd:YAG) laser. The laser energy causes coagulative 
necrosis and tissue vaporization, and multiple sessions may be necessary for resolu-
tion of bleeding. It has been shown to take 2–5 sessions in 80–90% of patients to 
attain initial hemostasis and has a complication rate of 2–15% and a rebleeding rate 
of 10–80% [43, 45]. Laser ablation can be challenging in angulated areas of the 
rectum or with circumferential or long-segment lesions. Endoscopic laser therapy 
may be combined with other treatment modalities such as radiotherapy to improve 
its efficacy in palliating rectal bleeding [36, 46].

In APC, electrocautery is used to ionize argon gas, which is released from the 
probe to cause coagulative necrosis and fulguration of the tissues. It is highly effec-
tive at achieving initial hemostasis but has a rebleeding rate of approximately 33% 
[44]. When used properly, the effects are limited to a depth of 2–3 mm, and there-
fore, it is safer than laser ablation with a lower risk of causing perforation. It is also 
faster, less expensive, and simpler to use than laser ablation and, therefore, has 
become the favored noncontact thermal therapeutic modality for the management of 
gastrointestinal bleeding [45].
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11.4.6  Interventional Radiology Therapies

If endoscopic therapies have failed to control the bleeding site or are not possible 
due to obscured visualization from significant ongoing hemorrhage, angiography 
with arterial interventions may be performed by the interventional radiologist. 
Angiography is completed to localize the area of bleeding, and the feeding artery is 
super-selectively catheterized as distally as possible for treatment [47]. Once the 
catheter has been placed at or beyond the mesenteric border, the vessel is embolized 
using coils or particulate, liquid, or gel embolic agents [42, 48]. Angioembolization 
may be successful in achieving hemostasis with active arterial bleeding in 50–100% 
of patients with a rebleeding rate of 22–24% [15]. The risk of ischemic complica-
tions from embolization is now rare due to the development of smaller catheters, 
able to super-select distal vessels.

When the distal artery is unable to be super-selectively catheterized or when 
there is a wide area of bleeding, intra-arterial vasopressin infusion may be adminis-
tered to induce local vasoconstriction and clot formation [43]. It can be successful 
in 59–90% of cases but has a high rebleeding rate of 36–43% and may cause sys-
temic hemodynamic changes, arrhythmias, or bowel ischemia. The catheter is left in 
place for 24–48 h, which introduces the risk of catheter dislodgement, infection, and 
line-associated thrombus formation [42, 47].

Risks of angiographic interventions include recurrent bleeding, bowel ischemia/
perforation, access-site bleeding or hematoma, and arterial complications like dis-
section, perforation, or pseudoaneurysm [47].

11.4.7  Radiation Therapy

Radiation therapy is effective in causing hemostasis in 87–100% of patients with 
bleeding rectal tumors [3]. It is indicated with failure of other nonoperative inter-
ventions at obtaining hemostasis and is the first-line therapy for palliative treatment 
[3, 49]. Radiation therapy stimulates release of von Willebrand factor, causing 
improved platelet adhesion to the extracellular matrix of endothelial cells, resulting 
in platelet plug formation. It can cause vessel fibrosis and tumor shrinkage, resulting 
in long-term hemostasis [49]. In palliative radiation therapy for bleeding rectal can-
cers, there is a 78–87% complete response rate to therapy and up to a 100% partial 
response rate [50, 51]. In one study, 91% of those who had hemostasis after radia-
tion therapy suffered no subsequent rebleeding events [50]. Radiation may be com-
bined with chemotherapy for neoadjuvant treatment or for palliation. The side 
effects of radiation therapy appear to be mild to moderate in severity. Potential 
complications include radiation enteritis or proctitis, adhesive bowel obstruction, 
pelvic scarring, chronic pain, rectal stenosis, skin fibrosis or necrosis, and fistula 
formation [52].
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11.4.8  Surgical Resection

Resection is the most definitive therapy for a bleeding rectal mass. In general, clini-
cal indications for surgery are as follows, although risks and benefits must be 
weighed depending on the specific clinical scenario [11]:

 – Hemodynamic instability despite administration of greater than 6 units of packed 
red blood cells (PRBCs)

 – Transfusion requirement of greater than 3 units of PRBC daily
 – Bleeding refractory to endoscopic or angiographic interventions
 – Persistent bleeding with obstruction, perforation, intussusception, and/or 

peritonitis

Unless the patient’s disease burden has already deemed this to be a palliative 
case, the resection should be performed with curative intent, in keeping with general 
oncologic principles. Surgical options with localized tumor-related bleeding include 
a Hartmann’s procedure, an abdominoperineal resection, a resection with primary 
anastomosis with or without a proximal diverting loop ileostomy, or pelvic exen-
teration. The choice of surgical procedure depends on the extent of invasion to local 
structures and the level of the tumor in relation to the anal sphincter. The decision 
on whether to perform an anastomosis is determined by the operative hemodynamic 
stability of the patient, their comorbidities, and any anticipated technical challenges 
in creating a tension-free anastomosis. One must also consider the risk of anasto-
motic leak with resultant delay in adjuvant therapy. When primary anastomosis is 
performed in the emergent setting of rectal cancer, a protecting loop ostomy should 
be considered as well.

11.4.9  Experimental Therapies

Other promising treatment modalities for tumor-associated bleeding in rectal cancer 
include IV desmopressin and radiofrequency ablation [44, 53]. A study looking at 
the safety and preliminary efficacy of desmopressin in patients with moderate-to- 
severe hemorrhage due to rectal adenocarcinoma showed complete hemostasis in 
58% and at least partial hemostasis in 92% of patients treated with the maximal 
tolerated dose. Most adverse events were mild to moderate in severity and reversible 
[53]. Randomized phase III clinical trials are needed for further investigation into 
the effectiveness of this medication for this purpose.

11.5  Outcomes of Emergency Surgery

Overall, patients undergoing emergency surgery have worse oncologic outcomes 
compared to patients undergoing elective surgery. Due to the physiologic strain 
from perforation, patients may not be able to undergo en bloc resection, precluding 
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the best oncologic outcome [54]. Most of the literature on perforation does not dis-
tinguish between colon and rectal cancer patients. Mortality rates at 30 days are as 
high as 40.5%, but a more recent series found a mortality rate of 11.8% [55, 56]. 
Phang et  al. compared outcomes of patients with rectal cancer presenting emer-
gently vs. electively [5]. They found that disease-specific survival at 4 years for 
stage II cancers was 14% worse and for stage III cancers 13% worse in the emergent 
presentation population. Local recurrence was 5% higher in stage II emergent 
patients and 50% higher in stage III emergent patients.

11.6  Oncologic Considerations

Systemic treatment with chemotherapy and molecularly targeted agents is com-
monly used in the management of patients with rectal adenocarcinoma. The cyto-
toxic agents that are usually used are oxaliplatin, irinotecan, and fluoropyrimidines 
(fluorouracil or capecitabine). On the other hand, targeted agents are mainly used in 
the metastatic setting and can be mainly classified into agents targeting epidermal 
growth factor receptor (EGFR) and others targeting vascular endothelial growth 
factor (VEGF) inhibitors such as bevacizumab [57].

11.6.1  Perforation

VEGF inhibitors carry a black box warning for the risk of gastrointestinal perfora-
tion, wound healing complications, and hemorrhage. The incidence of gastrointes-
tinal perforation with bevacizumab is estimated to be at 0.3–3% across different 
studies with highest incidence in patients with prior pelvic radiation [58]. Overall, 
majority of these perforations occur within 50 days of the first dose. A perforation 
episode is a contraindication for any subsequent use of VEGF inhibitors.

11.6.2  Bleeding

Both chemotherapy and VEGF inhibitors carry a risk of bleeding. However, VEGF 
inhibitors have been found to be associated with a fivefold increased risk of bleed-
ing compared to chemotherapy alone [58]. Overall, severe bleeding (grades 3–5) 
ranges from 0.4 to 7% in patients receiving bevacizumab. Any grade 3–5 hemor-
rhage is considered a contraindication for subsequent use of VEGF inhibitors [58].

11.6.3  Wound Healing Complications and Timing of Restarting 
Systemic Therapies

The decision regarding the timing of restarting chemotherapy after surgery is based 
on multidisciplinary discussion between the treatment teams. Overall, this depends 
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on the patient recovery from the surgery rather than a direct effect of the chemo-
therapy on the healing process. This is in contrast to VEGF inhibitors where such 
agents are known to interrupt would healing [59]. Therefore, it is recommended not 
to administer bevacizumab for at least 28 days after surgery and until the wound is 
fully healed.

Chemotherapy is usually started about 4 weeks after major surgery and prefera-
bly no longer than 8 weeks in the adjuvant setting, with some studies suggesting 
worse survival for patients who were started after 8 weeks [60].

11.7  Conclusion

Rectal cancer patients who present with acute obstruction, perforation, or bleeding 
must be managed to address life-threatening surgical disease, with attention to 
future oncologic treatments or options as able. For patients with complex oncologic 
disease, collaboration with colorectal surgery and/or oncology may be warranted 
for long-term treatment planning. Therapy may also require a multidisciplinary 
team, involving not only surgical and medical oncologists, but also gastroenterol-
ogy, radiation oncology, interventional radiology, and palliative medicine special-
ists when indicated. Unfortunately, patients with emergent presentations have 
decreased long-term survival compared to patients who present non-emergently. 
Lastly, it is of utmost importance to consider palliation and symptom management 
throughout the course of treatment, to ensure alignment between patient priorities 
and medical goals.
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12Liver Oncologic Surgical Emergencies

Morgan Schellenberg, Sulaiman Nanji, Michael J. Raphael, 
and Chad G. Ball

12.1  Introduction

Liver malignancies are the third most common cause of death from cancer, after 
lung and colorectal malignancies, representing 8% of overall deaths from cancer 
worldwide in 2020 [1]. Despite being the third most common cause of cancer death, 
liver malignancy is only the seventh most common cancer diagnosis, comprising 
5% of all new cancer diagnoses [1]. The discrepancy between frequency of death 
and diagnosis implies a particularly dismal prognosis after liver malignancy, with 
20% relative survival [2]. This makes liver malignancies the second or third most 
lethal malignancy in the United States, after pancreatic cancer (10% relative sur-
vival) and esophageal cancer (20% relative survival) [2].

Liver tumors can arise from any of the hepatic cell types, most commonly the 
hepatocytes or cholangiocytes, and can be primary or metastatic. The most common 
primary liver malignancies are hepatocellular carcinoma (HCC) followed by 
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cholangiocarcinoma. There are a number of benign primary liver tumors as well, 
including hemangiomas, focal nodular hyperplasia lesions, and hepatic adenomas. 
Metastatic liver tumors are far more common than primary liver tumors. 
Gastrointestinal tract tumors, particularly colorectal malignancies, as well as breast, 
pancreas, lung, and kidney primary malignancies are particularly prone to liver 
metastasis.

Liver malignancies may be diagnosed incidentally or following investigations 
based on symptomatology, including jaundice, pain, bleeding, weight loss, or con-
stitutional symptoms. Risk factors for liver malignancy may also be helpful to elicit 
because associated diagnoses can increase the likelihood of underlying liver malig-
nancy. These include extrahepatic malignancies with the potential to metastasize to 
the liver; cirrhosis; hepatitis B infection, which can cause HCC in the absence of 
cirrhosis; nonalcoholic steatohepatitis (NASH); and other comorbidities known to 
increase the risk of cirrhosis and/or liver malignancy, such as hepatitis C infection, 
tobacco or alcohol use, and obesity.

Fortunately, liver masses infrequently pose a surgical emergency. It is important 
nonetheless for general surgeons to have an approach to hepatic surgical oncologic 
emergencies in order to be prepared for them when they do occur. Oncologic surgi-
cal emergencies of the liver may arise as the result of the tumor itself, either from a 
primary tumor or tumor metastases or as a sequela of tumor treatment, which can 
occur following operative intervention, locoregional therapies, or chemotherapy. 
This chapter explores these emergent complications and their surgical management 
after first providing an overview of the relevant hepatic anatomy and physiology as 
well as an approach to emergent liver surgery.

12.2  Anatomy and Physiology

The liver is an abdominal solid organ located in the right upper quadrant. It is affixed 
anteriorly to the abdominal wall by way of the falciform ligament and ligamentum 
teres; superolaterally to the diaphragm via the paired triangular and coronary liga-
ments; and posteriorly to the retroperitoneum and retrohepatic inferior vena 
cava (IVC).

The liver is divided into eight segments and three sectors, corresponding to areas 
of liver parenchyma with shared blood supply, lymphatics, and biliary drainage. 
These segments are particularly relevant when oncologic liver resections are 
planned. Segment I is synonymous with the caudate lobe posteriorly. Segments II–
IV represent the left lobe of the liver, which is distinguished from the right lobe of 
the liver, comprised of segments V–VIII, by Cantlie’s line. Cantlie’s line is defined 
by the trajectory of the middle hepatic vein and bisects the gallbladder fossa.

Blood is supplied to the liver by way of the proper hepatic artery and portal vein. 
The proper hepatic artery is the continuation of the common hepatic artery after it 
spawns the gastroduodenal artery. The common hepatic artery, in turn, is a branch 
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of the celiac trunk, which is the first unpaired branch off of the aorta. The proper 
hepatic artery provides approximately 50% of the oxygen delivery to the liver but 
30% of blood inflow. It courses in the hepatoduodenal ligament to the porta hepatis 
with the portal vein and common bile duct before dividing into the right and left 
hepatic arteries. It must be noted that only approximately 80% of patients have this 
conventional hepatic arterial anatomy [3]. In the remaining 20% of individuals, the 
right and/or left hepatic arteries are aberrant and termed replaced or accessory.

Instead of dividing from the proper hepatic artery, a replaced right hepatic artery 
typically arises from the superior mesenteric artery and is the most common aber-
rancy in hepatic arterial anatomy [3]. A replaced left hepatic artery commonly 
branches off the left gastric artery. Because of the relative frequency of aberrant 
hepatic arterial anatomy, consideration should always be given to the possibility of 
replaced and accessory vessels during preoperative surgical planning and intraop-
erative dissection and in the presence of ongoing hemorrhage following standard 
vessel ligation/occlusion.

Portal venous anatomy is more consistent. The portal vein tributaries are the 
splenic vein and superior mesenteric vein, which converge behind the pancreatic 
head to form the portal vein. The portal vein supplies 50% of oxygenation to the 
liver but 70% of its blood flow. Within the hepatic parenchyma, the portal vein 
divides into the right and left portal veins to supply the respective lobes of the liver.

Venous drainage of the liver occurs through a separate pedicle, via the three 
hepatic veins (right, middle, and left), which are largely intraparenchymal short- 
segment veins that drain directly into the closely apposed retrohepatic IVC. The 
separation of blood inflow and outflow in the liver makes vascular exclusion of this 
abdominal solid organ more complicated than bleeding control of solid organs with 
a single vascular pedicle containing both inflow and outflow vessels, such as the 
kidney. This distinction is an important consideration in hemorrhage control for 
surgical oncologic liver emergencies, as discussed further below.

The biliary drainage of the liver occurs via the intrahepatic biliary tree, com-
prised of bile canaliculi present throughout the liver, which coalesce into interlobar 
bile ducts. In the right and left lobes of the liver, these join as tributaries to form the 
right and left hepatic bile ducts. These ducts become extrahepatic just below the 
hilar plate, where they course for a short segment before fusing to form the common 
hepatic duct. The common hepatic duct, in turn, is met by the cystic duct to form the 
common bile duct. The common bile duct is joined within the pancreatic head by 
the pancreatic duct, and these combined structures then empty together into the 
second stage of the duodenum via the ampulla of Vater through the sphincter 
of Oddi.

The liver serves a number of important physiologic functions. These include a 
central role in protein, carbohydrate, fat, and vitamin metabolism; protein and 
enzyme synthesis; detoxification and toxin excretion; fat digestion; and coagula-
tion. Because of these numerous essential functions, the anhepatic state is incom-
patible with life.
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12.3  Surgical Principles of Emergent Liver Surgery

In the discussion of emergent hepatic surgery, the operative considerations are pre-
operative preparations, patient positioning, choice of incision, exposure, and neces-
sary interventions. Preoperative preparations begin with a history and physical 
examination and include obtaining a set of vital signs and establishing intravenous 
access. Any further presurgical workup hinges upon the clinical stability of the 
patient. Exsanguinating patients, for example from a ruptured hepatic adenoma or 
HCC, will have the inciting lesion diagnosed intraoperatively, and surgical hemor-
rhage control should not be delayed.

Stable patients, however, should undergo relevant laboratory investigations, 
including a complete blood count and coagulation profile, as well as any relevant 
tumor markers such as alpha-fetoprotein (AFP) and CA 19-9. Cross-sectional imag-
ing typically begins with a computed tomography (CT) scan of the abdomen and 
pelvis with intravenous contrast. Arterial and venous phases will allow for the diag-
nosis of the majority of liver emergencies, including liver abscess or active extrava-
sation of contrast, indicating ongoing bleeding. In a bleeding patient with the liver 
as a suspected source of hemorrhage, an arterial phase is a necessity.

More nuanced diagnosis of select liver lesions may necessitate a four-phase CT 
scan of the liver. These four phases are non-contrast, arterial, portal venous, and a 
delayed venous phase. In some circumstances, such as those involving an obstruct-
ing cholangiocarcinoma, magnetic resonance cholangiopancreatography (MRCP) 
is a useful imaging modality to specifically image the intra- and extrahepatic bili-
ary tree.

Before proceeding with a discussion of surgical control of hepatic hemorrhage, 
it must be stated that the standard treatment for patients with ongoing hemorrhage 
from hepatic tumors remains nonoperative, including percutaneous-based angioem-
bolization by interventional radiology. Most hepatic tumors are preferentially sup-
plied by the hepatic artery, so selective embolization of the supplying arterial branch 
is often sufficient to achieve hemorrhage control. Not only can this process be more 
selective than surgical ligation of a hepatic artery, which can be treacherous in the 
hands of a non-hepatic/transplant surgeon, but it also avoids many of the associated 
risks of open surgical procedures, which is particularly beneficial in patients with 
chronic liver disease such as cirrhosis.

In the unstable patient, however, patient positioning for hepatic oncologic surgi-
cal emergencies is the same as for emergent surgical intervention for abdominal 
trauma and for most hepatic cases. The patient is positioned supine on the operating 
room table with the arms abducted and appropriate pressure points padded. In cases 
of significant bleeding as the cause for the oncologic emergency, it is prudent to 
proceed as one would for a bleeding trauma patient. This includes prepping and 
draping prior to induction of general anesthesia to facilitate prompt surgical hemor-
rhage control in case the patient becomes increasingly hypotensive or suffers car-
diac arrest after induction. The abdomen and chest should both be prepped in case a 
thoracic incision is necessary for hemorrhage control.
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The surgical incision for hepatic oncologic surgical emergencies will generally 
be a midline laparotomy. In select circumstances, such as intervention for a hepatic 
abscess, a right subcostal incision may be appropriate. A right subcostal incision is 
also best when the pathology is located in the right lobe of the liver as it improves 
ease of right lobe mobilization, particularly in obese patients and those with a deep 
peritoneal cavity. In patients with previous midline laparotomy incision, a right sub-
costal incision may also avoid adhesions or iatrogenic bowel injury upon abdominal 
entry. Although a right subcostal incision gives more immediate access to the liver, 
it provides limited exposure of the abdomen. For hemorrhage control cases and in 
general for hepatic surgical emergencies, a midline laparotomy is a more prudent 
selection since it affords broad and extensile exposure. Extension of a midline lapa-
rotomy to the patient’s right side (“T-ing” off the incision) will improve exposure to 
all intra- and perihepatic anatomy. As a result, it represents the ultimate right upper 
quadrant surgical exposure. After gaining access to the peritoneal cavity, the next 
maneuvers hinge upon the indication for operative intervention.

12.3.1  Hemorrhage Control

For hemorrhage control cases, an intraoperative blood salvage device (cell saver) 
should be utilized if the inciting lesion is suspected to be nonmalignant, particularly 
in centers with limited access to blood products. After entering the abdomen, begin 
by inserting a self-retaining retractor and evacuate the intraperitoneal blood with 
suction or sponges. Rapidly divide the ligamentum teres between ties and/or energy 
instrumentation, and take down the falciform ligament. Next, use vectored packing 
above and below the liver to obtain temporary hemostasis. This typically provides 
at least a brief moment to apply a fixed-wall retractor while the next steps are 
planned. Communication with anesthesiology, the scrub technician, and the circu-
lating nurse is critical throughout this process.

If the packing has temporarily controlled the bleeding, gently remove the packs 
next and inspect the underlying bleeding oncologic lesion. A variety of techniques 
can be used to achieve hemostasis, including electrocautery, sutures placed to the 
liver capsule, topical hemostatic agents (such as a combined saline/radiofrequency 
energy device [4]), liver resection (nonanatomic or anatomic), balloon catheter tam-
ponade of the lesion [5], and tractotomy. In the context of a bleeding tumor, liver 
resection may be the most reasonable option to remove the inciting lesion if this is 
feasible and the surgeon has oncologic experience. However, surgical oncologic 
principles should never be prioritized over control of exsanguination. A large or 
deep location of the tumor, or the presence of abnormal surrounding liver paren-
chyma such as in the case of a cholestatic or cirrhotic liver, may preclude safe liver 
resection in the emergent setting. In these cases, achieving hemostasis without 
tumor resection will be the best approach.

If the bleeding is not controlled by packing or the hemorrhage control techniques 
presented above, locate the foramen of Winslow and apply a Pringle maneuver to 
occlude the porta hepatis. This will reduce inflow to the liver via the proper hepatic 
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artery and the portal vein, unless there is a replaced left hepatic artery or accessory 
hepatic arteries. If packing and a Pringle maneuver do not abate the hemorrhage, the 
hemorrhage is significant and a rapid but organized approach must be undertaken. 
Before proceeding to total hepatic vascular exclusion, improve exposure via the 
addition of a right subcostal incision and/or by taking the right diaphragm off of the 
ribs, taking care to leave a cuff of diaphragm apposed to the chest wall to facilitate 
later reconstruction. In some cases, a sternotomy or right thoracotomy may be nec-
essary to improve exposure and allow for direct hemorrhage control and/or total 
hepatic vascular exclusion.

This will provide a few minutes of abated hemorrhage in which the liver is rap-
idly mobilized along its ligamentous attachments to expose the area of bleeding and 
directly control it. In total hepatic vascular exclusion, there are four points of vascu-
lar occlusion: the porta hepatis, the aorta, the suprarenal infrahepatic inferior vena 
cava (IVC), and the suprahepatic IVC.  Occlusion of the porta hepatis is often 
already accomplished from an earlier Pringle maneuver (e.g., Rummel tourniquet, 
vessel loop, or vascular clamp to free up space and hands).

The aorta should be clamped prior to IVC occlusion as the dramatic preload 
reduction that occurs from caval occlusion is likely to precipitate cardiac arrest 
unless it is preceded by removing the outflow needs to the body below the dia-
phragm. The suprahepatic IVC can be occluded infradiaphragmatically or intraperi-
cardially. The selection of occlusion site depends on surgeon experience and the 
specific pathology encountered. Proponents of intrapericardial occlusion site ease 
of dissection, while opponents accurately point out that this requires a chest incision 
(sternotomy or thoracotomy). Surgeons who prefer to access the suprahepatic IVC 
below the diaphragm avoid the need for chest entry but may encounter a more chal-
lenging dissection in the setting of hemorrhage, albeit one that is comfortable and 
familiar for hepatobiliary and transplant surgeons.

The fourth point of occlusion is the infrahepatic IVC above the insertion of the 
renal veins. This exposure requires a Cattell-Braasch maneuver, in which the right 
colon is first medialized off the retroperitoneum by dividing the white line of Toldt 
and taking down the hepatic flexure. A Kocher maneuver follows to mobilize the 
duodenum. The third and final step is mobilization of the small bowel mesentery off 
the retroperitoneum along the line traced from the cecum to the ligament of Treitz. 
This provides complete exposure of the infrahepatic IVC, at which point the supra-
renal portion is identified and occluded with a sponge stick (mobilization risks addi-
tional IVC injury).

Once total hepatic vascular exclusion is in place, rapidly begin to mobilize the 
liver off the retrohepatic IVC by dividing the right triangular and coronary liga-
ments with electrocautery. With this maneuver, the right lobe of the liver can be 
completely mobilized to the retrohepatic IVC, providing direct access to the area of 
bleeding in order to achieve hemorrhage control. This must occur quickly given the 
physiologic impact on the patient during vascular occlusion.
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12.3.2  Infection Control

If the operation pursued is for the management of hepatic necrosis or abscess, access 
to the liver and initial division of the ligamentum teres and falciform ligament pro-
ceed in the same fashion. The liver can be mobilized as necessary to access the area 
of infection by using electrocautery to divide the ligamentous attachments as 
needed. Nonanatomic liver resection may be necessary to remove necrotic liver 
parenchyma, although consideration of anatomic resection with a neoplastic incit-
ing lesion is appropriate with the same caveats as discussed above. If resection is not 
required and simple drainage will suffice, laparotomy pads should be placed around 
the abscess prior to drainage to avoid contaminating the peritoneal cavity with pus 
and/or tumor cells. The surgeon should always remember that the presence of neo-
plastic lesion as the underlying cause of an infective process has a significant impact 
on optimal patient management. While underlying malignancy should not prevent a 
surgeon from obtaining prompt source control in the context of life- threatening sep-
tic shock, it is prudent to involve a hepatobiliary surgeon or surgical oncologist in 
the care of non-critically ill patients with a malignancy-associated abscess. This 
allows for careful and deliberate management planning to avoid seeding tumor cells 
while treating the infective process.

Lastly, if the operation pursued is for the management of a biliary oncologic 
emergency, the incision and approach will depend upon the specific emergency. 
Emergent surgical decompression of the biliary tree, for example in the case of 
cholangitis from choledocholithiasis, biliary stricture, or obstruction from a tumor, 
should only be undertaken if percutaneous or endoscopic attempts to do so have 
failed or are unavailable and transport to another facility is unsafe or unavailable. 
This is particularly evident in the associated mortality rates of surgical versus per-
cutaneous/endoscopic therapy for life-threatening cholangitis (50% vs. 5%). When 
surgical biliary diversion is necessary, it may be accomplished via bypass or T-tube 
insertion proximal to the area of obstruction.

12.3.3  Oncologic Surgical Emergencies in Patients with Chronic 
Liver Disease

Patients with chronic liver disease deserve special commentary. Perioperative 
patient care optimization before emergent general surgery is especially critical in 
this patient population and is well described elsewhere [6]. Surgical access (open or 
laparoscopic) and placement of retractors should be planned to avoid engorged 
abdominal wall veins and to optimize surgical exposure in anticipation to the most 
critical operative steps. Despite the lack of formal definitive evidence, bipolar and 
ultrasonic energy devices, mechanical vascular staplers, and topical hemostatics are 
highly useful adjuncts in attempting to decrease both operating time and blood loss. 
This seems particularly true for the surgeon entering the abdominal wall with asso-
ciated dilated veins. Use of a concurrent ligating and cutting energy instrument in a 
careful and cautious manner can help prevent massive blood loss. Postoperative 
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coagulopathy can easily facilitate bleeding from initially minor sources, so extra 
attention to hemostasis is required throughout the operation.

Utilization of intra-abdominal drains to help control postoperative ascites and 
prevent surgical wound complications is a controversial topic. Improved control of 
postoperative ascites and potential associated surgical wound complications pres-
ents a compelling rationale for prophylactic drainage. This must be balanced against 
the risk of contamination of ascites and increased postoperative fluid shifts.

As a general rule, the most expeditious and least invasive operation should be 
utilized, including a laparoscopic approach where feasible and safe. The safety of 
laparoscopy in cirrhotic patients has been historically challenged due to the theo-
retical risks of hemorrhage from abdominal wall varices during port placement, 
detrimental effects of pneumoperitoneum on hepatic perfusion, and technical limi-
tations to approaching intraoperative hemorrhage. These concerns, however, have 
been vastly mitigated over the years by experience and energy technologies.

The superiority of emergent laparoscopic over open cholecystectomy in cirrhotic 
patients has been demonstrated in terms of operative blood loss, surgical time, post-
operative pain, morbidity, and hospital length of stay. Technical difficulties must be 
expected in retracting the liver and identifying anatomic landmarks due to hepatic 
distortion.

In cirrhotic patients, an increased risk of intraoperative hemorrhage should be 
expected. In laparoscopic surgery, utilization of additional ports and meticulous 
operative technique assist in preventing iatrogenic injuries. Venous hemorrhage can 
be temporized by brief increases in pneumoperitoneum pressure and compression 
with sponges. If application of electrocautery is contemplated for gallbladder bed 
bleeding, a high setting (i.e., 100 units on the spray setting) and precise contact to 
the site of bleeding are recommended. In cases where this technique does not arrest 
ongoing bleeding, placement of a clip immediately beside the site of hemorrhage 
into the liver in a perpendicular manner can be helpful as an ignition tool for 
cauterization.

12.4  Tumor-Related Emergencies

12.4.1  Primary Tumor

Regardless of the specific tumor pathology, the underlying management principles 
of primary liver tumor-related surgical emergencies are the same. Circumstances 
necessitating emergent intervention may include hemorrhage, thrombosis, necrosis/
abscess, and cholestasis.

12.4.1.1  Hemorrhage
Bleeding from a hepatic tumor, such as hepatocellular carcinoma (HCC) or a large 
hepatic adenoma, only necessitates emergent surgical intervention in the hemody-
namically unstable patient who does not respond to resuscitation with blood prod-
ucts. Hemodynamically normal patients and patients who respond at least transiently 
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to blood transfusion should undergo an appropriate diagnostic workup before estab-
lishing an appropriate treatment plan. In the acute setting, this diagnostic workup 
would include a CT scan with IV contrast and basic laboratory investigations 
including a coagulation profile. Hemodynamically stable patients with a bleeding 
liver tumor who have evidence of contrast extravasation on CT scan, and down-
trending hemoglobin, and those who only transiently respond to blood transfusion 
may benefit from broad or selective angioembolization. This represents definitive 
hemorrhage control in the acute setting and allows time for further diagnostic 
workup, including biopsy once the bleeding has resolved if necessary, and referral 
to a hepatobiliary surgeon or surgical oncologist for definitive treatment. Bleeding 
is typically considered an indication for resection, even if a malignant component to 
the mass has not been definitively identified.

12.4.1.2  Thrombosis
Thrombosis of branches of the hepatic arterial, hepatic venous, and/or portal venous 
systems may occur as a result of a liver tumor. In the context of malignancy, how-
ever, this rarely represents an emergency as the thrombosis is then a chronic process 
which allows collateral flow to develop.

12.4.1.3  Necrosis/Abscess
Liver abscesses in the setting of hepatic oncology can occur from spontaneous or 
treatment-induced tumor necrosis or from hematologic spread of intra-abdominal 
infection. Tumor necrosis is the intended goal of locoregional therapies for liver 
tumors such as HCC. The induced cell death, which leads to necrosis, from thera-
pies including thermal ablation such as radiofrequency ablation (RFA), transarterial 
chemoembolization (TACE), transarterial radioembolization (TARE), and others 
aims to prolong patient survival by diminishing tumor size and reducing tumor bur-
den. It can, however, cause necrosis of healthy liver parenchyma and result in 
hepatic abscess formation. This is covered in further detail below under Treatment- 
Related Emergencies. Regardless of the etiology of the necrosis/abscess, nonopera-
tive management with supportive care and antibiotics as appropriate should be 
pursued whenever possible. If percutaneous or surgical intervention is necessary 
and time permits, discussion and care coordination with an oncologist and hepato-
biliary surgeon should be pursued to ensure that oncologic principles are respected 
while achieving source control of infection.

12.4.1.4  Cholestasis
Cholestasis can occur both as a treatment-related consequence, for example among 
patients with neuroendocrine tumors on somatostatin analogs [7], and as a result of 
the liver tumor itself. In the first scenario, somatostatin analogs function by induc-
ing tumor cell apoptosis and inhibiting tumor angiogenesis to stop or slow tumor 
growth. However, cholestasis and cholelithiasis are consequences of somatostatin 
therapy, particularly when it is administered for a long term. Symptomatic choleli-
thiasis, for example acute cholecystitis or cholangitis, among liver oncology patients 
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on somatostatin analogs is treated as in non-oncology patients, provided that usual 
criteria for safe surgical intervention are met such as the absence of coagulopathy.

When cholestasis occurs as a mechanical result of the tumor itself, for example 
in a patient with an unresectable Klatskin tumor, this is typically treated with endo-
scopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic 
cholangiography (PTC) with internal/external biliary drains. If cholestasis occurs 
among patients with resectable disease, then biliary diversion can be accomplished 
during the surgical resection. Cholestasis in this context presents as an emergency if 
the patient develops cholangitis, which would typically be managed with ERCP or 
PTC, and not surgical bypass or drainage, in the acute setting. It should be specifi-
cally noted that with hilar cholangiocarcinoma, ERCP is generally avoided in pref-
erence of PTC. Infecting the biliary tree from below (ERCP access) often leads to 
clinical deterioration from cholangitis in frail patients. As a result, drainage from 
the top (PTC) is safer and also allows subsequent MRI/MRCP (i.e., without a biliary 
tube obstructing images of the adjacent tumor) for evaluating resectability. PTC also 
generally permits better biliary drainage of the liver bilaterally through the right and 
left lobes when compared to ERCP, a feature which makes PTC particularly useful 
for Klatskin tumors.

12.4.2  Metastatic Tumor

Tumor metastases to the liver can cause the same surgical emergencies as primary 
liver tumors, including bleeding, thrombosis, necrosis, and cholangitis. An addi-
tional surgical emergency that can occur from metastases includes liver failure, 
which is typically chronic as opposed to acute liver failure. In an appropriate patient, 
such as one with a metastatic neuroendocrine tumor whose disease would be com-
pletely resected with hepatectomy [8], this emergency may be treated with liver 
transplantation. More commonly, this complication would occur among patients 
with cirrhosis and HCC. Suitability for liver transplantation in this context is decided 
based on published guidelines, including the Milan [9] and University of California 
San Francisco (UCSF) [10] criteria.

12.5  Treatment-Related Emergencies

12.5.1  Surgical Intervention-Related Emergencies

Complications may ensue following biliary reconstruction or liver resection for 
hepatic tumors, including resection of liver metastases [11]. These include hemor-
rhage, bile leak, biliary stricture, abscess, liver failure, and vascular thrombosis. Of 
these, hemorrhage, biliary stricture resulting in cholangitis, liver failure, and vascu-
lar thrombosis are those that may present in an emergent fashion.
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12.5.1.1  Hemorrhage
Bleeding following surgical resection of a liver mass is managed in the standard 
fashion, with correction of abnormal coagulation parameters, angioembolization, or 
reoperation as appropriate based on the patient’s hemodynamic status. The earlier in 
the postoperative course that hemorrhage occurs, the more frequently a rapid return 
to the operating room is the best option.

12.5.1.2  Cholangitis
Cholangitis, which may present with Charcot’s triad (fever, right upper quadrant 
pain, and jaundice) or Reynold’s pentad (Charcot’s triad plus hypotension and 
altered mental status), can occur as a result of biliary stricture at a previous biliary 
anastomosis following resection of a Klatskin tumor with biliary reconstruction. 
These patients should be managed with antibiotics and resuscitation and temporized 
with PTC to decompress the biliary tree. This will resolve the underlying sepsis and 
allow for referral to a hepatobiliary surgeon after resolution of the infection. Once 
the cholangitis is resolved, the options are biliary stenting across the stricture or 
reoperation, depending on patient factors such as life expectancy in the context of 
the hepatic malignancy as well as anatomic considerations such as stricture location.

12.5.1.3  Acute Liver Failure
Acute liver failure after hepatic resection can generally be avoided or at least antici-
pated by considering the health of the remaining liver parenchyma, extent of surgi-
cal resection required, and mitigation of risk factors for postoperative liver 
decompensation events [12]. In general, patients without cirrhosis may have up to 
70–80% of their liver parenchyma removed without inducing liver failure [13]. 
Although the safety of any degree of resection among patients with cirrhosis is 
much less predictable, in general only patients with Child–Turcotte–Pugh (CTP) 
score A cirrhosis are given consideration for liver resection as the residual hepato-
cytes are less able to compensate for the necessary liver function.

Patients with acute liver failure following liver resection may be emergently 
listed for transplant if they meet King’s College Criteria for non-acetaminophen- 
induced acute liver failure [14] or satisfy Milan or UCSF criteria for liver transplant 
in cirrhosis and HCC. Hepatic dialysis machines may also be an option depending 
upon capabilities at each transplantation center.

12.5.1.4  Thrombosis
Lastly, thrombosis is managed with systemic anticoagulation if it is acute. In the 
case of chronic thrombosis with collateralization, such as cavernous transformation 
of the portal vein, anticoagulation is unnecessary. If systemic anticoagulation is 
contraindicated or fails to resolve an acute thrombosis, thrombectomy may be nec-
essary. This procedure should be pursued by experienced hepatobiliary and/or trans-
plant surgeons or interventional radiologists, depending on an institution’s 
capabilities.
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12.5.2  Locoregional Intervention-Related Emergencies

There are a host of ablative and intra-arterial locoregional treatment options for liver 
tumors, including percutaneous radiofrequency or microwave ablation, TACE, tran-
sarterial radioembolization (TARE), yttrium-90 radioembolization (Y-90), percuta-
neous microwave ablation, and stereotactic body radiation therapy (SBRT). These 
treatment options all endeavor to induce tumor cell death via locoregional delivery 
of chemotherapy, radiation, thermal energy, or a combination thereof while preserv-
ing surrounding normal hepatocytes.

In practical terms, complications may occur following these locoregional thera-
pies and include hemorrhage, from either the lesion itself, arterial access sites, and/
or surrounding vasculature; hollow viscus perforation; injury to other adjacent 
structures, such as the gallbladder or diaphragm; abscess/necrosis; biliary strictur-
ing; and hepatic decompensation and liver failure [15], particularly when these 
therapies are used in the context of underlying liver disease.

In general, these treatment-related complications in the liver oncology patient 
are managed as they would be in a patient without a hepatic malignancy. However, 
the underlying malignancy must always be considered after recognition of the com-
plication in decisions about the management plan. For example, any prior interven-
tion involving the portal venous or arterial blood supply of the liver must be noted 
prior to embolization for bleeding, in order to ensure that adequate blood supply of 
the healthy liver parenchyma is preserved; residual healthy liver mass must be con-
sidered prior to resection; and any coagulopathy induced by the liver malignancy 
should be corrected prior to intervention to avoid further bleeding complications.

12.5.3  Chemotherapy-Related Emergencies

The options for systemic anticancer therapies (SACTs) available for patients living 
with liver cancer are expanding. Although many of these agents are associated with 
the potential for drug-induced liver injury (DILI) [16] or SACT-related biliary tree 
disease, chemotherapy-related hepatic surgical emergencies are fortunately rare.

12.5.3.1  Systemic Anticancer Therapy-Related Liver Emergencies
Broadly, hepatic surgical emergencies may result from direct, indirect, or idiosyn-
cratic DILI related to SACT [17]. Direct DILI is a result of agents, which are intrin-
sically toxic to the liver. DILI in this setting is predictable, commonly occurring 
among patients exposed to the given agent; dose related; rapid in onset, within hours 
to days of medication delivery; and reproducible in animal models [18]. Indirect 
DILI is a result of the action of the drug, and not related to an intrinsic hepatotoxic 
property or idiosyncratic, such as immunotherapy-related cholangiopathy or hepa-
titis. Idiosyncratic DILI, on the other hand, results from agents that are not intrinsi-
cally toxic to the liver. DILI in this setting is unpredictable and rare among patients 
exposed to the given agent, and not typically dose related, with a variable latency 
period of days to weeks [18].
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Regardless of the specific type of DILI occurring in a patient with an underlying 
hepatic malignancy, the treatment consists of supportive therapy directed at correc-
tion of manifestations of liver dysfunction and cessation of the agent whenever 
possible.

12.5.3.2  Systemic Anticancer Therapy-Related Biliary Emergencies
Cholecystitis is a rare but potentially serious complications of SACT [19]. 
Somatostatin analogs are associated with biliary tract stone disease, which can 
cause acute calculous cholecystitis. In a retrospective, multicenter study of 754 
patients with neuroendocrine neoplasms treated with somatostatin analogs, 27% 
were found to have developed gallstones, among whom 28% developed biliary 
complications, including biliary colic, acute cholecystitis, cholangitis, and obstruc-
tive jaundice [20]. As a result of the potential for biliary tract complications, the 
North American Neuroendocrine Tumor Society guidelines recommend consider-
ing prophylactic cholecystectomy at the time of small bowel resection in patients 
who have a high likelihood for long-term somatostatin analog treatment, such as 
patients with liver metastases, peritoneal metastases, or significant nodal involve-
ment [21].

More rarely, acute acalculous cholecystitis and chemical cholecystitis have been 
reported as a side effect of SACT [22–26]. Acalculous cholecystitis has been 
described in an increasing number of case reports related to receptor tyrosine kinase 
inhibitors, including sunitinib [24], axitinib [22], bosutinib [27], and lenvatinib [23, 
28], and as an immune-related adverse event following treatment with immune 
checkpoint inhibitors [29]. Chemical cholecystitis is an important potential compli-
cation of intrahepatic chemotherapy. Early studies evaluating regional intrahepatic 
chemotherapy delivery reported high rates of cholecystitis related to extrahepatic 
perfusion to the gallbladder through the cystic artery [30]. As a result, routine pro-
phylactic cholecystectomy is not recommended when hepatic arterial infusion 
pumps are inserted [26, 31].

Biliary sclerosis is a rare but serious potential complication seen with intrahe-
patic administration of floxuridine chemotherapy for patients with colorectal cancer 
liver metastases [32]. Floxuridine is a prodrug of fluorouracil, which is infused 
directly into the hepatic artery via an implanted continuous infusion pump. The 
short half-life and 95% first-pass hepatic extraction of floxuridine allow administra-
tion of very high dose of floxuridine that results in tumor exposure 400 times greater 
than could be achieved with systemic administration [33–35]. Intrahepatic floxuri-
dine is associated with very high response rates for colorectal liver metastases, but 
approximately 5% of patients may develop biliary sclerosis, which may necessitate 
the insertion of stents or percutaneous biliary drains [36, 37]. Although oxaliplatin 
has a lower hepatic extraction rate, its intrahepatic use has not been reported to be 
associated with biliary sclerosis.

12 Liver Oncologic Surgical Emergencies



182

12.6  Conclusions

Surgical oncologic emergencies of the liver may occur as the result of the primary 
tumor, tumor metastases, or tumor treatment following chemotherapy, locoregional 
interventions, or surgery. In general, these emergencies are managed using core 
acute care surgery principles, including hemorrhage control and source control of 
infection. Consideration of the underlying malignancy and implications for optimal 
patient management should be maintained, and care coordination with a hepatobili-
ary surgeon or surgical oncologist, when possible, is prudent.
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13.1  Oncologic Surgical Emergencies: Pancreatic Neoplasms

Most of the pancreatic cancer patients do not undergo surgical treatment, due to the 
locally advanced status or due to the presence of distance metastasis [1, 2]. This 
condition needs to be considered due to the large number of patients who are poten-
tially treatable with chemotherapy or radiotherapy and could develop during the 
treatment some surgical complications, which could require intervention [3–5]. 
This subset of complications, differently from the surgical complications of patients 
who underwent curative surgery [6–8], requires a multidisciplinary management 
that must be considered in the set of fragile patients who are usually treated with 
chemotherapy.

These pancreatic emergencies can occur in different stages of the oncologic 
management of the pancreatic cancer patients and could sometimes be life- 
threatening for the patient.
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In this situation, it is very important that the diagnosis of the complications is 
rapid to find the best solution for the surgical treatment of the patient.

13.2  Pancreatitis

Acute pancreatitis is a rare manifestation in patients who undergo chemotherapy 
and can be defined as drug-induced pancreatitis (DIP), described in literature in a 
range of 0.1–2% of cases [9]. The main cause of this complication can be different 
and could be directly related to the toxicity of the chemotherapy (cytotoxicity, 
immune-mediated response) or pancreatic degeneration (Wirsung stenosis, vascular 
thrombosis, metabolic effects). Balani et al. [10] identified some risk factors for this 
kind of complications, identifying children, women, elderly patients, those with 
CD4+ T cell count for <200 cells/mm3 of advanced AIDS, and those with Crohn’s 
disease as the potential population of patients who could develop DIP.

The typical manifestation of this complications is with epigastric pain, nausea, 
and vomiting, associated with reduction of weight and hunger. The manifestation of 
symptoms could vary, evolving up to necrotizing pancreatitis. The classification of 
the pancreatitis could follow the APACHE score classification [11], according to the 
radiologic asset and gravity of the patient. The onset of this complication could be 
very dangerous for the patient, according to the condition of a patient who devel-
oped this complication fragilized by the effect of systemic treatment.

The main treatment for this kind of patient should include intravenous fluid 
resuscitation and, if necessary, intensive care support. The use of antibiotic is rec-
ommended only in case of the presence of direct effects of infection. The use of 
nutritional support could be crucial and should be considered in cases with self- 
limiting symptoms, in order to achieve a rapid recovery of the oncologic patient.

13.3  Jaundice

Jaundice [12–14] is the typical manifestation of pancreatic cancer, considering the 
localization on the head and neck of pancreatic neoplasm, which can determine the 
compression of the distal part of the bile duct, with the onset of jaundice, determin-
ing malabsorption, malnutrition, and weight loss, in some cases associated with the 
onset of cholangitis. The persistence of nonthreatening jaundice could determine 
coagulation problems that could lead to other life-threatening complications.

In these cases, the preferred solution should be the placement of a metallic stent 
and, in case of failure, the positioning of a percutaneous external drainage or inter-
nal external drainage. Historically, this drainage was performed surgically, with a 
hepaticojejunostomy often associated with a gastroenteric anastomosis, called dou-
ble bypass for locally advanced pancreatic cancer. In recent period, both techniques 
have been replaced by minimally invasive management with endoscopic or percuta-
neous treatment.
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13.4  Occlusion

Gastric obstruction is often seen in patients with periampullary malignancies [15], 
often in progression after chemotherapy. The main symptoms are nausea, reduction 
in feeding, and vomiting, strongly impacting the quality of life of patients. This 
complication could be usually managed by surgery, with a surgical bypass with a 
gastroenteric anastomosis, which could be performed by open or minimally inva-
sive approach, in order to allow the correct feeding of oncological patients, usually 
faced with malnutrition. An anastomose is performed among the stomach and the 
first jejunal loop, creating a new communication jumping the obstacle created by 
the pancreatic neoplasm.

In case of impossibility to perform surgical bypass, another solution is repre-
sented by endoscopic placement of duodenal metallic stent, to solve the problem of 
occlusion. The use of covered or uncovered self-expanding stent could be chosen 
case by case, in order to better identify the patient based on the location of occlusion 
and the type of duodenal involvement. The main problem of this stent is the possi-
bility of displacement, and in most of the cases, this stent is placed in poor prognosis 
patient with short life expectance. This kind of stent should be placed only in symp-
tomatic patients, avoiding placing them in asymptomatic patients in consideration 
of the high rate of complications that often occur in patients with duodenal stent. 
This endoscopic bypass is less invasive.

13.5  Perforation

The use of chemotherapy could be associated with gastrointestinal perforation [16], 
sometimes associated with the formation of fistula or abscess in abdominal portion. 
In some cases, considering the vascular alteration that could be induced by the 
oncological problem, some bleeding and arterial and venous thromboembolic events 
can occur. The complication related to gastrointestinal perforation could be related 
to severe peritonitis, which could evolve, according to the National Cancer Institute’s 
common terminology criteria for adverse events, up to life-threatening complica-
tions. The management of this complication must have the objective to solve the 
problem of peritonitis, with the resolution of the septic problem. The management 
of the stoma could be complicated in such fragile patients, but priority should be 
given to the resolution of the septic event and allowing the patient to continue to be 
treated with chemotherapy.
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14Biliary Tract

Ariel W. Knight, Chia-Ching Wang, and Deborah M. Stein

14.1  Introduction

Biliary tract malignancies are relatively rare. In the United States, gallbladder can-
cer is the most common biliary tract malignancy, although fewer than 5000 cases 
are diagnosed annually [1]. Gallbladder cancer carries a poor overall prognosis as it 
is commonly diagnosed at an advanced, unresectable stage. Approximately 1–2% of 
patients undergoing clinical evaluation for cholelithiasis or acute cholecystitis will 
be diagnosed with gallbladder cancer [2, 3]. Five-year overall survival rates remains 
dismal at approximately 20%. However, when patients are diagnosed with localized 
disease and undergo appropriate oncologic resection, they have an improved 5-year 
overall survival rate of 65%.

Cholangiocarcinoma represents approximately 3% of all gastrointestinal malig-
nancies, and most are advanced stage at the time of diagnosis [4]. The true incidence 
of cholangiocarcinoma in the United States is unclear, though, as oncologic data-
bases have historically combined intrahepatic disease with other primary liver 
tumors and extrahepatic disease with gallbladder cancer. The global incidence of 
cholangiocarcinoma has increased over the past three decades, but the proportion of 
earlier stage disease has not [5]. Cholangiocarcinoma is more likely to be diagnosed 
in men and typically occurs between 50 and 70 years of age, except in patients with 
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primary sclerosing cholangitis (PSC) or choledochal cysts, when it may present up 
to two decades earlier [4, 6, 7].

Surgery is the only potentially curative treatment modality for both gallbladder 
cancer and cholangiocarcinoma. Unfortunately, only a minority of patients are 
appropriate operative candidates. In gallbladder cancer, appropriate surgical resec-
tion yields a 45–50% 5-year survival rate. Survival following cholangiocarcinoma 
resection depends upon the location of the primary tumor. Gallbladder cancer and 
cholangiocarcinoma frequently directly invade adjacent structures (most commonly 
the liver, but also the stomach, duodenum, pancreas, colon, omentum, and perito-
neum), often precluding curative resection outside of high-volume institutions.

As biliary tract malignancies commonly present with vague, nonspecific symp-
toms that are also characteristic of benign biliary disease, they will be inevitably 
encountered by both general and acute care surgeons. Accordingly, a working 
knowledge of appropriate diagnostic workup, oncologic staging, prognosis, surgical 
therapy, neoadjuvant and adjuvant therapies, and subspecialty consultations is 
essential for timely and successful patient care.

14.2  Anatomy

The gallbladder rests on the cystic plate on the inferior margin of the right lobe of 
the liver and is comprised of the fundus, body, infundibulum, and neck. It drains 
into the biliary tree via the cystic duct, which joins the common bile duct. The gall-
bladder is supplied by the cystic artery, which is most commonly a branch of the 
right hepatic artery, and drains directly into the gallbladder fossa via the cystic veins.

Lymphatic drainage of the gallbladder is less predictable. In 95% of patients, 
lymphatic drainage of the gallbladder occurs via the cholecysto-retropancreatic 
route along the cystic duct, common bile duct, and portal vein, which then runs 
posterior to the pancreas to the para-aortic nodal basin [8]. Most remaining patients’ 
lymphatic drainage occurs via the cholecysto-celiac pathway, which drains along 
the cystic duct before running medially along the hepatoduodenal ligament poste-
rior to the head of the pancreas and culminating at the celiac axis [8].

Cholangiocarcinomas are classified as either intrahepatic (less than 10% of 
cases), perihilar (50% of cases), or distal/extrahepatic (40% of cases) [9–13]. 
Intrahepatic disease originates from either small intrahepatic ductules or larger 
intrahepatic bile ducts proximal to the bifurcation of the left and right hepatic ducts 
[14]. Lymphatic drainage of intrahepatic tumors typically demonstrates laterality. 
Left-sided intrahepatic cholangiocarcinoma tends to spread along the lesser curve 
of the stomach and to the inferior phrenic nodal basin. Regional lymph nodes 
include the inferior phrenic, hilar, and gastrohepatic basins. Conversely, right-sided 
tumors tend to spread to hilar and portocaval nodes. Both left- and right-sided intra-
hepatic cholangiocarcinomas can spread to celiac, periaortic, and pericaval lymph 
nodes. The involvement of pericaval nodes represents distant metastatic disease.

The extrahepatic bile ducts are divided into perihilar and distal segments. This 
transition occurs where the cystic duct drains into the common bile duct. Perihilar 

A. W. Knight et al.



191

cholangiocarcinomas are further characterized by the Bismuth-Corlette classifica-
tion [15]. In this system, type I tumors are found below the confluence of the right 
and left hepatic ducts, while type II tumors reach the confluence. Type IIIa and IIIb 
tumors refer to those that occlude the common hepatic duct and either the right or 
the left hepatic duct, respectively. Type IV tumors may either be multicentric or 
involve the confluence and both the right and left hepatic ducts. Cholangiocarcinoma 
tends to spread intrahepatically along the perineural and periductal lymphatics in 
addition to the hilar and pericholedochal lymph nodes in the hepatoduodenal liga-
ment. Regional lymph nodes include the hilar, cystic duct, choledochal, portal, 
hepatic artery, and posterior pancreaticoduodenal basins. Involvement of the liver or 
any hepatoduodenal ligament lymph nodes represents distant metastatic disease.

Distal cholangiocarcinoma can also spread locoregionally to the pancreas, duo-
denum, stomach, colon, and omentum in addition to the common bile duct, com-
mon hepatic artery, portal vein, anterior and posterior pancreaticoduodenal, and 
superior mesenteric artery lymph node basins.

14.3  Risk Factors

Gallbladder cancer incidence increases with age and shows a predominance for 
Caucasian and female patients [16, 17]. Most cited risk factors are related to chronic 
gallbladder inflammation, including gallstones, porcelain gallbladder, gallbladder 
polyps, PSC, and certain chronic infections [18–21]. The overall incidence of gall-
bladder cancer associated with cholelithiasis is 0.5%, but the risk increases with 
larger stones and a longer duration of their presence [22–24]. Gallbladder polyps 
may be benign or malignant, although size greater than 1 cm is associated with an 
increased likelihood of underlying malignancy [25]. Approximately 6% of PSC 
patients have gallbladder masses, over half of which are malignant [26]. Chronic 
infections with Salmonella typhi and Helicobacter pylori have also been linked to 
the development of gallbladder cancer [26–28]. Additional risk factors for gallblad-
der cancer include congenital biliary cysts; exposure to cigarette smoke, radon, and 
aflatoxin; obesity; hyperglycemia; and anomalous pancreaticobiliary ductal anat-
omy [29–32].

Most patients diagnosed with cholangiocarcinoma do not have an identifiable 
risk factor despite numerous associations with chronic hepatobiliary disease, toxic 
exposures, lifestyle factors, and genetic predispositions [33]. Approximately 30% 
of cholangiocarcinoma cases are diagnosed in PSC patients, the risk of which fur-
ther increases with concurrent tobacco and alcohol use [34–36]. Cholangiocarcinoma 
tends to develop at an earlier age with concomitant PSC, between 30 and 50 years 
of age. Any clinical deterioration, most commonly jaundice, weight loss, or new- 
onset abdominal pain in a PSC patient, should warrant prompt evaluation for 
cholangiocarcinoma.

Fibropolycystic liver disease, including Caroli disease, choledochal cysts, and 
congenital hepatic fibrosis, carries an approximately 15% risk of malignant degen-
eration [36–38]. Similar to PSC, cholangiocarcinoma tends to develop at a much 
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earlier age in these patients. Chronic hepatitis C infection (more so than hepatitis B) 
also increases the risk of cholangiocarcinoma, as does cirrhosis of any etiology 
[39–41]. Intraductal and intraepithelial biliary neoplasms also carry a risk of malig-
nant degeneration. Exposures to toxins including Thorotrast, cigarette smoke, alco-
hol, and iron are associated with cholangiocarcinoma development, as are chronic 
Clonorchis and Opisthorchis fluke infections [42–44]. Modifiable risk factors 
include hyperglycemia, obesity, metabolic syndrome, and long-term oral contracep-
tive use [45–47].

14.4  Clinical Presentation

Early-stage gallbladder cancers tend to either be asymptomatic or mimic symptom-
atic cholelithiasis. When symptomatic, gallbladder cancer tends to present with 
abdominal pain, nausea, vomiting, and anorexia. Symptoms that more closely 
mimic acute cholecystitis are more likely to represent earlier stage disease [24]. 
Many of these patients may, in fact, be diagnosed at the time of cholecystectomy for 
presumed benign disease. Conversely, more advanced disease may additionally 
present with weight loss and malaise. Patients may also present with obstructive 
jaundice due to direct invasion of the biliary tree or metastases to the hepatoduode-
nal ligament. These patients are ultimately less likely to have resectable disease. 
Gastric outlet obstruction may occur secondary to duodenal invasion, which is a 
contraindication to resection.

Extrahepatic cholangiocarcinoma typically becomes symptomatic with biliary 
obstruction, and thus may present with painless jaundice, pruritis, clay-colored 
stools, and dark urine output [48–50]. A smaller subset of patients may experience 
concomitant abdominal pain, weight loss, and/or fever in addition to malaise, 
fatigue, and night sweats. Cholangitis is an unusual presentation of extrahepatic 
disease.

Conversely, intrahepatic cholangiocarcinoma is less likely to present with jaun-
dice. These patients are more likely to experience dull right upper quadrant abdomi-
nal pain and weight loss [48, 51]. Intrahepatic disease is much more likely to be 
discovered incidentally during hepatocellular carcinoma screening or further evalu-
ation of abnormal liver function studies.

PSC patients who go on to develop cholangiocarcinoma classically present with 
rapid clinical deterioration accompanied by jaundice, weight loss, and abdominal 
pain. This subset of findings in a patient with known PSC warrants an urgent workup 
for cholangiocarcinoma.
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14.5  Diagnostic Laboratory Studies

14.5.1  Basic Labs

Standard baseline laboratory tests should be obtained to further evaluate undifferen-
tiated upper abdominal pain and/or jaundice, including a complete blood count, 
basic metabolic panel, coagulation studies, liver function tests (LFTs), amylase, and 
lipase. A cholestatic LFT pattern is expected in jaundiced patients and is more sug-
gestive of an extrahepatic biliary obstruction. Chronic biliary obstruction will even-
tually lead to a transaminitis and elevated international normalized ratio (INR). 
Non-jaundiced patients with intrahepatic biliary malignancy may have a normal to 
slightly elevated bilirubin with an elevated alkaline phosphatase. Blood cultures and 
serum lactate should additionally be obtained if cholangitis is a concern.

Rarely, biliary tract tumors can present with hypercalcemia of malignancy, which 
is associated with severe hypercalcemia, hypophosphatemia, low parathyroid hor-
mone levels, and low vitamin D levels [52].

14.5.2  Tumor Markers for Cholangiocarcinoma

14.5.2.1  Carbohydrate Antigen 19-9 (CA 19-9)
CA 19-9 is a widely established tumor marker for cholangiocarcinoma [53, 54]. 
Initially, elevated levels can be followed over time to evaluate for treatment effect 
and disease recurrence or progression. Higher levels prior to any treatment portend 
a poorer prognosis [55, 56]. Levels greater than 1000 U/mL are highly suggestive of 
advanced disease, including peritoneal carcinomatosis [57].

Additionally, serum levels are widely used to screen for and potentially diagnose 
cholangiocarcinoma in PSC patients [58, 59]. Levels above 129 U/mL in the setting 
of a dominant hilar stricture are highly concerning for cholangiocarcinoma [60]. A 
level greater than 100 U/mL is also included in the UNOS criteria for liver trans-
plant eligibility for cholangiocarcinoma [61].

However, there are several limitations to the utility of CA 19-9 levels. Importantly, 
cholangitis and other benign causes of biliary obstruction leading to a direct hyper-
bilirubinemia above 3.0 mg/dL can falsely elevate serum CA 19-9 levels [54]. If a 
baseline level is obtained during such an episode, it is imperative to repeat the study 
once bilirubin levels have normalized. CA 19-9 expression also requires the pres-
ence of the Lewis blood group antigen, which is absent in 5–10% of patients, in 
whom trending CA 19-9 levels will not be clinically useful [62].

14.5.2.2  Carcinoembryonic Antigen (CEA)
CEA may be used in conjunction with CA 19-9 to evaluate for treatment effect and 
disease recurrence or progression [63]. However, by itself, it is neither sufficiently 
sensitive nor specific to diagnose cholangiocarcinoma but may be useful to trend if 
baseline CA 19-9 levels are not elevated [64]. Additionally, CEA levels may be 
elevated secondary to breast and other gastrointestinal malignancies in addition to 
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benign causes, including peptic ulcer disease, gastritis, diverticulitis, chronic liver 
disease, and COPD.

14.5.2.3  Alpha Fetoprotein
Serum αFP levels are useful to differentiate an intrahepatic cholangiocarcinoma 
from a hepatocellular carcinoma. An αFP level should be obtained in all patients 
with a solid liver lesion.

14.6  Diagnostic Imaging

The utility of several diagnostic imaging studies for evaluation of underlying biliary 
malignancy is discussed below. The order in which these tests are pursued varies 
based upon the suspicion for an intrahepatic versus perihilar versus distal cholan-
giocarcinoma, which is outlined in Fig. 14.1.

14.7  Ultrasound

A formal abdominal ultrasound is the initial study of choice for evaluation of jaun-
dice and/or right upper quadrant abdominal pain to evaluate for biliary dilation and 
potentially establish a level of obstruction, if present [65]. The addition of a duplex 
study can further evaluate the portal vasculature for thrombosis or disease involve-
ment [66].

The overall staging accuracy of ultrasound for both gallbladder cancer and chol-
angiocarcinoma is limited [67]. Concerning findings that warrant additional evalua-
tion for gallbladder cancer include a loss of interface between the gallbladder and 
liver, direct intrahepatic tumor infiltration, polyps greater than 1 cm, wall thickening 
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Fig. 14.1 Algorithm for diagnostic evaluation of suspected intrahepatic versus perihilar versus 
distal cholangiocarcinoma
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not explained by cholecystitis, mural calcifications, or an intraluminal, fixed mass 
[68]. Cholangiocarcinoma may be suggested by intra- and/or extrahepatic biliary 
dilation that is not explained by another etiology [69]. More proximal lesions will 
demonstrate isolated intrahepatic ductal dilation, while more distal tumors may 
cause both intra- and extrahepatic ductal dilation [70]. Additionally, the location of 
a cholangiocarcinoma may be suggested by an abrupt change in ductal diameter.

Any ultrasound findings concerning for malignancy warrant further evaluation 
with cross-sectional imaging.

14.8  Computed Tomography

Detailed cross-sectional imaging is warranted if ultrasound is concerning for biliary 
malignancy. CT abdomen/pelvis should be performed with IV contrast and should 
include both arterial and delayed venous phases to assess for local, regional, and 
distant lymphadenopathy; vascular invasion; intrahepatic spread; peritoneal dis-
ease; and/or invasion of adjacent organs. CT chest should also be obtained in 
patients without intra-abdominal metastases who are good surgical candidates to 
evaluate for occult spread to the lungs and/or pleura.

On CT, gallbladder cancer classically appears as either an intraluminal mass or a 
focal or diffuse wall thickening [71, 72]. Additional features suggestive of more 
advanced disease include invasion of liver parenchyma, regional lymphadenopathy, 
or evidence of distant metastatic disease.

CT is useful in the evaluation of intrahepatic tumors, including cholangiocarci-
noma, and can further clarify the level of a biliary obstruction, if present. 
Approximately 60% of intrahepatic cholangiocarcinomas will appear as a hypodense 
or infiltrating lesion without a defined capsule, commonly with associated biliary 
dilation [73, 74]. These lesions will peripherally enhance in both arterial and venous 
phases. Conversely, hepatocellular carcinoma will hyper-enhance in the arterial 
phase and wash out during the venous phase, although these differentiating features 
are not always present. CT more easily evaluates malignant involvement of the por-
tal vasculature and adjacent structures compared to MRCP, although the evaluation 
of tumor extent and biliary dilation is similar between the two modalities.

Cross-sectional imaging may not directly visualize extrahepatic cholangiocarci-
noma but may demonstrate indirect signs of disease. In general, the site of ductal 
dilation suggests the location of an obstructing lesion. More proximal lesions may 
only show intrahepatic ductal dilation, whereas more distal lesions may show a 
combination of intra- and extrahepatic ductal dilation. Any observed ductal dilation 
>6 mm in the absence of stones should raise strong suspicion for an underlying 
cholangiocarcinoma. Klatskin tumors may show bilateral intrahepatic ductal dila-
tion with nonunion of the right and left hepatic ducts. Perihilar tumors arising from 
either the right or the left hepatic ducts tend to be larger and readily infiltrate the 
adjacent hepatic parenchyma.
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14.9  Magnetic Resonance Imaging/Magnetic 
Resonance Cholangiopancreatography

MRI with MRCP readily evaluates both the intrahepatic and extrahepatic ducts as 
well as the pancreatic duct. MRI yields higher quality images of the liver paren-
chyma and allows for 3D reconstruction of the biliary tree and hepatobiliary vascu-
lature. MRCP provides important information regarding potential resectability [75, 
76]. It is superior to CT in defining the anatomic extent of an underlying tumor and/
or other causes of jaundice. Additionally, it is particularly useful in distinguishing 
benign versus malignant gallbladder polyps [77]. It is also helpful in the evaluation 
of locoregional lymphadenopathy and invasion of the hepatoduodenal ligament and 
porta hepatis.

When MRCP is used to further evaluate a suspected cholangiocarcinoma in the 
setting of biliary obstruction, it is imperative that the study be performed prior to 
any biliary drainage procedure. Evaluation of underlying intraductal pathology 
becomes far more challenging once the ducts are decompressed.

14.10  Endoscopic Ultrasound

EUS may be useful in both detecting and differentiating benign versus malignant 
gallbladder polyps and in assessing tumor invasion through the gallbladder wall, 
into the adjacent liver parenchyma or peripancreatic tissue, and locoregional lymph 
nodes [78]. It is more predictive of an underlying diagnosis compared to transab-
dominal ultrasound and affords an opportunity for fine needle aspiration (FNA) of a 
visualized gallbladder mass or aspiration of bile for cytologic analysis [79, 80].

It may also be used to further evaluate the locoregional extent and regional lymph 
node basins in distal cholangiocarcinoma. It also allows for FNA of distal tumors 
and/or enlarged lymph nodes while avoiding manipulation of the biliary tree [81]. It 
is a more sensitive modality for detecting cholangiocarcinoma as compared to stan-
dard transabdominal ultrasound and CT, but has a limited role in the evaluation of 
more proximal lesions [82].

14.11  Cholangiography

Both endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous 
transhepatic cholangiography (PTC) are of minimal additional diagnostic value in 
biliary malignancy evaluation, having largely been replaced by MRI/MRCP [83]. 
However, both modalities may facilitate biliary decompression to palliate obstruc-
tive jaundice. Brush cytology or bile samples may be obtained to attempt to yield a 
formal diagnosis. However, these tests have a relatively limited sensitivity, and a 
negative study does not rule out the presence of an underlying malignancy [84–86].

The role of preoperative biliary decompression in suspected cholangiocarcinoma 
remains a controversial practice [87, 88]. However, if biliary drainage is clinically 
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indicated, an endoscopic approach is considered as first-line therapy [89, 90]. If this 
is unsuccessful or not technically feasible, percutaneous transhepatic drainage is a 
reasonable alternative [91]. In general, a total bilirubin level >10 mg/dL in the set-
ting of intrahepatic or perihilar disease necessitates preoperative decompression, 
and surgery is typically subsequently deferred until levels are less than 2–3 mg/
dL. It is paramount to obtain full preoperative imaging prior to decompression as 
collapsed bile ducts are less amenable to radiographic evaluation and metal stent 
placement creates artifact impedance. It is safe to pursue diagnostic staging laparos-
copy (DSL) while bilirubin levels are normalizing so that alternative therapies may 
be planned if a tumor is deemed unresectable.

Some studies suggest that preoperative biliary decompression does not contrib-
ute to postoperative liver failure or mortality, while others associate preoperative 
drainage with higher postoperative morbidity, including the development of perihe-
patic abscess and biliary leak, without a mortality benefit. However, unrelieved bili-
ary obstruction may rapidly lead to cholestasis, liver insufficiency, and biliary 
cirrhosis, and thus decompression should be considered on a case-by-case basis [92, 
93]. Patients may also benefit from drainage of a future liver remnant less than 30% 
predicted volume regardless of other clinical features [94]. Notably, up to 6% of 
patients who undergo preoperative drainage will develop recurrent disease along 
prior catheter tracts, which must also be taken into consideration [95, 96].

14.12  Positron-Emission Tomography

The role of PET imaging in gallbladder cancer and cholangiocarcinoma staging 
continues to evolve as most biliary tract tumors are FDG-avid [97]. It is typically 
performed as an outpatient test for patients with good performance status who have 
been diagnosed with potentially resectable disease on full cross-sectional imaging 
to evaluate for occult metastatic disease. PET imaging leads to a change in surgical 
management in approximately 25% of patients and thus plays an important role in 
minimizing unnecessary procedures [98]. If imaging does not demonstrate distant 
metastases, patients should proceed next to DSL. However, PET imaging is not an 
adequate substitution for DSL. False-positive results may occur secondary to chol-
angitis and inflammatory lesions [98].

14.13  Additional Considerations in Primary 
Sclerosing Cholangitis

Radiographic diagnosis of cholangiocarcinoma can be notoriously difficult in 
patients with underlying PSC as benign and malignant strictures often have similar 
appearances and mass lesions are rare. As such, most patients do not develop new or 
worsening intrahepatic ductal dilation. Worrisome imaging findings include pro-
gression of a stricture on serial cholangiograms, marked biliary dilation proximal to 
a dominant stricture, or a greater than 1  cm ductal mass [99]. If MRCP is 
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nondiagnostic and high suspicion for cholangiocarcinoma remains, ERCP should 
be pursued and brush cytology of a dominant stricture and/or abnormal-appearing 
tissue obtained. If further imaging or cytology is suggestive of cholangiocarcinoma, 
the patient should undergo a full staging workup. If the diagnosis remains in doubt, 
PET imaging should be obtained. If this remains nondiagnostic, the patient should 
be followed closely and a repeat MRCP obtained at 3 months.

14.14  Complete Staging Evaluation

14.14.1  Gallbladder Cancer

Gallbladder cancer is staged via a traditional TNM approach based upon the 
American Joint Committee on Cancer’s eighth edition guidelines (Tables 14.1 and 
14.2) [100, 101]. Overall staging distribution is approximately as follows: T1 

Table 14.1 AJCC Eighth Edition Gallbladder Cancer TNM Staging. Adapted from Zhu AX, 
Pawlik TM, Kooby DA, Schefter TE, Vauthey JN. Gallbladder. In: AJCC Cancer Staging Manual, 
8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades the lamina propria or muscular layer
   T1a Tumor invades the lamina propria
   T1b Tumor invades the muscular layer
T2 Tumor invades the perimuscular connective tissue on the peritoneal side without 

involvement of the serosa, or tumor invades the perimuscular connective tissue on the 
hepatic side without extension into the liver

   T2a Tumor invades the perimuscular connective tissue on the peritoneal side without 
involvement of the serosa

   T2b Tumor invades the perimuscular connective tissue on the hepatic side without extension 
into the liver

T3 Tumor perforates the serosa and/or directly invades the liver and/or one other adjacent 
organ or structure, including the stomach, duodenum, colon, pancreas, omentum, or 
extrahepatic bile ducts

T4 Tumor invades the main portal vein or hepatic artery or invades two or more 
extrahepatic organs or structures

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastases to 1–3 regional lymph nodes
N2 Metastases to 4+ regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
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Table 14.2 Eighth Edition AJCC Prognostic Stage Groups for Gallbladder Cancer. Adapted from 
Zhu AX, Pawlik TM, Kooby DA, Schefter TE, Vauthey JN. Gallbladder. In: AJCC Cancer Staging 
Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Stage 0 TisN0M0
Stage I T1N0M0
Stage IIA T2aN0M0
Stage IIB T2bN0M0
Stage IIIA T3N0M0
Stage IIIB T1-3N1M0
Stage IVA T4N0-1M0
Stage IVB Any T, N2M0

Any T, any N, M1

disease 11%, T2 disease 58% (of these, 61% are T2a and 39% are T2b), T3 disease 
30%, and T4 disease 2% [102]. Expectedly, higher T stage disease is more likely to 
correlate with nodal disease. For example, while only 17% of T2a tumors have 
nodal involvement, nearly 60% of T3 tumors demonstrate lymphatic spread. The 
most common distant sites of gallbladder cancer metastases are the peritoneal sur-
face, liver, and occasionally lungs and pleura.

Full staging evaluation for gallbladder cancer includes CT abdomen/pelvis as 
described above in addition to CT chest to evaluate for metastatic disease. PET/CT 
may be used to evaluate for occult, advanced disease that may preclude surgical 
resection. Preoperative PET imaging alters staging and treatment recommendations 
in up to 23% of patients. However, it remains insensitive for peritoneal carcinoma-
tosis and is generally not helpful in evaluating for potential re-resection following 
cholecystectomy. Ultimately, only 15–60% of patients will be resection candidates 
after appropriate staging due to the presence of distant metastatic disease [103].

14.14.2  Cholangiocarcinoma

Intrahepatic, perihilar, and distal cholangiocarcinomas have separate AJCC eighth 
edition TNM staging systems, as shown in Tables 14.3, 14.4, 14.5, 14.6, 14.7, 
and 14.8.

Full staging evaluation for cholangiocarcinoma includes cross-sectional imaging 
of the abdomen/pelvis via either CT abdomen/pelvis or MRCP as detailed above. 
Chest CT should also be obtained to evaluate for metastatic disease. PET imaging 
may also be used to evaluate for occult metastatic disease if there is otherwise no 
radiographic evidence of distant spread. If a PET scan is unrevealing and the patient 
is a good surgical candidate, DSL should be pursued [104]. If any cross-sectional 
imaging study is equivocal for vascular involvement, the addition of a duplex ultra-
sound may be useful to evaluate for unresectable disease.
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Table 14.4 AJCC Prognostic Stage Groups for Intrahepatic Cholangiocarcinoma. Adapted from 
Aloia T, Pawlik TM, Taouli B, Rubbia-Brandt L, Vauthey JN. Intrahepatic Bile Ducts. In: AJCC 
Cancer Staging Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Stage 0 TisN0M0
Stage IA T1aN0M0
Stage IB T1bN0M0
Stage II T2N0M0
Stage IIIA T3N0M0
Stage IIIB T4N0M0

Any T, N1M0
Stage IV Any T, any N, M1

Table 14.3 AJCC 8th Edition Intrahepatic Cholangiocarcinoma. Adapted from Aloia T, Pawlik 
TM, Taouli B, Rubbia-Brandt L, Vauthey JN. Intrahepatic Bile Ducts. In: AJCC Cancer Staging 
Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (intraductal tumor)
T1 Solitary tumor without vascular invasion
   T1a Solitary tumor ≤5 cm without vascular invasion
   T1b Solitary tumor >5 cm without vascular invasion
T2 Solitary tumor with intrahepatic vascular invasion or multiple tumors with or without 

vascular invasion
T3 Tumor perforates the visceral peritoneum
T4 Tumor directly invades local extrahepatic structures
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis present
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

A formal tissue diagnosis can be obtained via brush cytology, fine needle aspira-
tion (FNA), or image-guided biopsy. Notably, potential surgical candidates with 
classic radiographic findings of cholangiocarcinoma and those with obviously unre-
sectable disease do not require formal tissue diagnosis. Furthermore, FNA or image- 
guided percutaneous biopsy can seed the biopsy tract with malignant cells, which 
precludes otherwise eligible patients from undergoing liver transplantation. As 
such, perihilar cholangiocarcinoma cases should be carefully reviewed with a liver 
transplant program prior to tissue sampling.
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Table 14.5 AJCC 8th Edition Staging for Perihilar Cholangiocarcinoma. Adapted from Nagorney 
DM, Pawlik TM, Chun YS, Ebata T, Vauthey JN. Perihilar Bile Ducts. In: AJCC Cancer Staging 
Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ/high-grade dysplasia
T1 Tumor confined to the bile duct, with extension up to the muscle layer or fibrous tissue
T2 Tumor invades beyond the wall of the bile duct to surrounding adipose tissue, or tumor 

invades adjacent hepatic parenchyma
   T2a Tumor invades beyond the wall of the bile duct to surrounding adipose tissue
   T2b Tumor invades adjacent hepatic parenchyma
T3 Tumor invades unilateral branches of the portal vein or hepatic artery
T4 Tumor invades the main portal vein or its branches bilaterally, or the common hepatic 

artery, or unilateral second-order biliary radicals with contralateral portal vein or 
hepatic artery involvement

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 1–3 positive lymph nodes (typically involving the hilar, cystic duct, common bile duct, 

hepatic artery, posterior pancreaticoduodenal, and portal vein lymph nodes)
N2 4+ positive lymph nodes from the sites described for N1
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

Table 14.6 AJCC Prognostic Stage Groups for Perihilar Cholangiocarcinoma. Adapted from 
Nagorney DM, Pawlik TM, Chun YS, Ebata T, Vauthey JN. Perihilar Bile Ducts. In: AJCC Cancer 
Staging Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Stage 0 TisN0M0
Stage I T1N0M0
Stage II T2aN0M0

T2bN0M0
Stage IIIA T3N0M0
Stage IIIB T4N0M0
Stage IIIC Any T, N1M0
Stage IVA Any T, N2M0
Stage IVB Any T, any N, M1

Tissue diagnosis of cholangiocarcinoma is important in a few select circum-
stances [105]. Indeterminate strictures may require biopsy to evaluate for underly-
ing malignancy. Additionally, some patients are reluctant to accept a diagnosis or 
proceed with treatment without a formal diagnosis.
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Table 14.8 AJCC Prognostic Stage Groups for Distal Cholangiocarcinoma. Adapted from 
Krasinkas A, Pawlik TM, Mino-Kenudson M, Vauthey JN. Distal Bile Duct. In: AJCC Cancer 
Staging Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Stage 0 TisN0M0
Stage I T1N0M0
Stage IIA T1N1M0

T2N0M0
Stage IIB T2N1M0

T3N0M0
T3N1M0

Stage IIIA T1N2M0
T3N2M0

Stage IIIB T4N0M0
T4N1M0
T4N2M0

Stage IV Any T, any N, M1

Table 14.7 AJCC 8th Edition Staging for Distal Cholangiocarcinoma. Adapted from Krasinkas 
A, Pawlik TM, Mino-Kenudson M, Vauthey JN.  Distal Bile Duct. In: AJCC Cancer Staging 
Manual, 8th ed, Amin MB (Ed). American College of Surgeons, Chicago 2017

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ/high-grade dysplasia
T1 Tumor invades the bile duct wall with a depth <5 mm
T2 Tumor invades the bile duct wall with a depth of 5–12 mm
T3 Tumor invades the bile duct wall with a depth >12 mm
T4 Tumor involves the celiac axis, superior mesenteric artery, and/or common 

hepatic artery
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–3 regional lymph nodes
N2 Metastasis in 4+ regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis

14.15  Histology

Greater than 90% of biliary tract malignancies are adenocarcinomas. The remainder 
tend to be squamous cell carcinomas. Gallbladder squamous cell carcinoma tends to 
be higher grade and diagnosed at a later stage, and thus is associated with worse 
survival outcomes [106]. While rarer still, papillary gallbladder carcinoma carries 
the most favorable histologic prognosis. Cholangiocarcinoma is divided into three 
subtypes—sclerosing, nodular, and papillary—all of which demonstrate slow 
growth, albeit with high rates of local invasion and mucin production [106]. Of 
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these, the papillary subtype is the rarest, but carries the highest resectability rate as 
it tends to cause symptomatic biliary obstruction earlier in its clinical course. Distant 
metastases are uncommon.

14.16  Prognostic Factors

The most important prognostic factors for gallbladder cancer include T stage, N 
stage, tumor grade, lymphovascular and perineural invasion, CA 19-9 serum level, 
and status of surgical margins [102, 107–110]. Higher T stages predict a higher 
likelihood of both nodal and metastatic disease [103]. Disease recurrence is also 
associated with a worse prognosis and unfortunately occurs in up to 67% of patients 
[111, 112]. Two-thirds of these recurrences occur within 12 months, and most of the 
remainder occur within 24 months.

Cholangiocarcinoma prognosis is predominantly influenced by surgical margin 
status, lymphovascular invasion, and lymph node metastases [113–116]. R0 mar-
gins carry an improved 5-year survival rate of 19–47% compared to positive mar-
gins at 0–12% [114]. Node-positive disease carries a dismal 5–10% 5-year survival 
rate, even with adequate oncologic resection, whereas N0 disease carries an approx-
imately 38% 5-year survival rate [117]. There is also an inverse relationship between 
survival and number of positive lymph nodes. Elevated CA 19-9 levels prior to any 
treatment also portend a poorer prognosis [55, 56].

14.17  Neoadjuvant Therapy

There is no defined role of neoadjuvant therapy in the treatment of gallbladder can-
cer, nor is it a standard approach to cholangiocarcinoma treatment [118]. However, 
on a case-by-case basis, neoadjuvant therapy may be considered for large, locally 
advanced, unresectable intrahepatic cholangiocarcinomas in an attempt to down-
stage disease to a resectable state. Neoadjuvant therapy may also be given to chol-
angiocarcinoma patients enrolled in a clinical trial or those being considered for 
liver transplantation.

14.18  Approach to Surgical Resection

14.18.1  Role of Staging Laparoscopy

Ultimately, in both gallbladder cancer and cholangiocarcinoma, not all unresectable 
disease is readily apparent on cross-sectional imaging. DSL allows identification of 
occult metastatic disease that precludes curative resection, and thus may spare 
patiens the morbidity of a laparotomy [119, 120]. Approximately 23% of patients 
with gallbladder cancer who undergo staging laparoscopy will have disseminated 
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disease diagnosed intraoperatively. As such, DSL is recommended for all patients 
with suspected or known gallbladder cancer greater than stage T1b [119].

In cholangiocarcinoma, DSL effectively rules out peritoneal carcinomatosis, but 
does not always adequately evaluate vascular invasion. Nevertheless, it still identi-
fies most patients with unresectable disease and substantially reduces the incidence 
of nontherapeutic laparotomy [120, 121]. Ultimately, true resectability of cholan-
giocarcinoma is only determined after complete abdominal exploration [92].

14.18.2  Unresectable Disease

Absolute contraindications to surgical resection of gallbladder cancer include peri-
toneal, liver, or hepatoduodenal ligament metastases; presence of malignant ascites; 
and encasement or occlusion of major vessels [101].

The presence of distant metastatic disease, including involvement of distant liver 
parenchyma, retropancreatic and paraceliac lymph node basins, and disseminated 
intra- or extra-abdominal disease, is a contraindication to cholangiocarcinoma 
resection [122, 123]. Traditionally, involvement of adjacent extrahepatic organs, 
portal vein, or hepatic artery was considered a contraindication to resection. 
However, some high-volume centers will proceed with en bloc resection of such 
locally advanced tumors with vascular and enteric reconstruction in select cases 
[124–126]. Additional contraindications to resection depend upon individual tumor 
characteristics.

Patients with unresectable disease should be referred to a medical oncologist for 
consideration of palliative chemotherapy as well as a palliative care specialist for 
optimization of symptom management and further definition of goals of care. There 
is no role for palliative or debulking, non-curative radical biliary surgery.

14.18.3  Resectable Gallbladder Cancer

14.18.3.1  Early-Stage Disease (Stage 0, I, or II)
Gallbladder cancer confined to the wall is potentially amenable to curative resec-
tion. T1a disease is successfully managed in 73–100% of cases with a simple cho-
lecystectomy [2, 127–129]. T1b and higher disease, however, necessitates a more 
radical resection as higher T stages carry a higher incidence of lymph node metas-
tases [127]. Patients with T1b disease who undergo an extended cholecystectomy 
and en bloc resection of the gallbladder with a rim of parenchyma of liver segments 
IVb and V have a longer median survival (9.8 vs. 6.4 years) than those who do not 
[127, 130–132]. Fifteen percent of these patients will have lymph node involve-
ment. Unfortunately, less than 50% of T1b patients undergo an extended cholecys-
tectomy, which subsequently leads to incomplete staging and thus undertreatment.

T2 disease also necessitates extended cholecystectomy [133–135]. Notably, 
patients with T2a disease carry a better prognosis than T2b disease. Over 60% of 
these patients will have lymph node metastases. Expectedly, when T2 disease is 
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treated with simple cholecystectomy alone, there are high rates of local recurrence 
[136, 137]. Unfortunately, residual disease is also common following re-resection 
as well.

14.18.3.2  Locally Advanced or Node-Positive Disease
Some evidence suggests that radical resection of T3 and T4 disease in appropriately 
selected patients may provide a mortality benefit, but at the cost of high postopera-
tive morbidity. T3 disease is treated with an extended cholecystectomy with en bloc 
resection of any involved adjacent organ(s) [138]. T4 disease is generally unresect-
able due to involvement of the portal vasculature or multiple adjacent extrahe-
patic organs.

Resection of node-positive disease may similarly be pursued in select patients. 
Locoregional lymphadenectomy removes the cystic duct, common bile duct, hepatic 
artery, and portal vein nodes and carries a 28–60% 5-year survival rate [127, 139]. 
Lymphadenectomy yields less favorable long-term survival when disease extends 
beyond the hepatoduodenal ligament [140].

14.19  Gallbladder Cancer Diagnosed During Cholecystectomy

If a malignant-appearing lesion is encountered intraoperatively and a surgeon who 
is formally trained in hepatobiliary surgical oncology is not immediately available, 
the incisions should be closed and the patient appropriately referred to a surgical 
oncologist. The lesion should not be biopsied, nor should simple cholecystectomy 
be performed in order to prevent peritoneal seeding or spillage and potential disease 
upstaging.

14.20  Gallbladder Cancer Diagnosed After Cholecystectomy

Of all patients undergoing laparoscopic cholecystectomy for presumed benign bili-
ary disease, 0.25–1.5% will be diagnosed with an incidental gallbladder cancer on 
the final pathologic analysis [3, 136, 141]. These patients must undergo a full stag-
ing evaluation with cross-sectional imaging as detailed previously and should ide-
ally be referred to a tertiary hepatobiliary center [142]. If re-resection is feasible for 
T1b and higher disease, it should ideally occur within 2 months of the patient’s 
initial cholecystectomy [103, 143–146].

14.20.1  T1a Disease

T1a disease is cured with simple cholecystectomy alone. No survival benefit is 
achieved with re-resection [133, 147]. However, these patients should undergo full 
staging cross-sectional imaging at the time of diagnosis and again at 6 and 12 months 
postoperatively.
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14.20.2  T1b Disease

Following staging, T1b disease is best treated with re-resection in the form of an 
extended cholecystectomy due to the 50–60% incidence of local recurrence follow-
ing simple cholecystectomy alone. Some studies cite an increase in median survival 
by 3 years with re-resection of T1b disease [148]. Of those who undergo completion 
extended cholecystectomy, 12–20% will have lymph node metastases and around 
13% will have hepatic involvement [144, 149].

14.20.3  T2 Disease

T2 disease is also best treated with extended cholecystectomy and regional lymph-
adenectomy. 40–76% of these patients will have some form of residual disease iden-
tified at re-resection [103, 143, 150, 151]. Five-year survival rate increases 
substantially with aggressive re-resection from 24–40% after simple cholecystec-
tomy alone to 80–100% in some case series [152–157]. Lymphadenectomy for T2 
disease is also associated with improved survival. A minimum of six lymph nodes 
must be removed in order for a gallbladder cancer to truly be staged as N0 dis-
ease [153].

14.20.4  T3/T4 Disease

Patients who receive a diagnosis of T3 disease following initial cholecystectomy 
should undergo a repeat DSL, as should those with poorly differentiated histology 
or a positive surgical margin. Ultimately, rates of residual disease are high with up 
to 46% of patients having nodal disease and 36% having hepatic involvement [144]. 
Nevertheless, median overall survival is nearly doubled with re-resection compared 
to no additional resection (23 vs. 12 months) [146].

T4 disease should be readily apparent on initial gallbladder evaluation for benign 
biliary disease, and thus should not be initially diagnosed on pathologic analysis 
following simple cholecystectomy.

14.21  Resectability of Localized Cholangiocarcinoma

No classification or staging system exists to accurately assess the ability to resect 
cholangiocarcinoma. Traditional criteria for resectability include the absence of ret-
ropancreatic and paraceliac nodal metastases, distant liver metastases, main portal 
vein or proper hepatic artery invasion, extrahepatic adjacent organ invasion, and 
disseminated disease [122–125]. More advanced disease may be considered for 
resection on a case-by-case basis at high-volume centers. Distal disease has the 
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highest resectability rate, as high as 91% in some series, compared to intrahepatic 
and perihilar tumors [48]. Nevertheless, an R0 resection can only be obtained in 
50% of distal cholangiocarcinomas and in only 20–40% of proximal tumors [154]. 
These percentages drop even further if a 5 mm negative margin is considered as an 
adequate oncologic resection [155].

Overall perioperative mortality for cholangiocarcinoma resection is approxi-
mately 5–6% [156]. Rates are highest for hepatectomy with biliary-enteric anasto-
mosis and lowest for biliary-enteric anastomosis alone. Expectedly, the extent of 
postoperative liver dysfunction increases perioperative morbidity and mortality. 
Lowest complication rates are seen in patients younger than 60 years of age without 
preoperative jaundice, who do not receive neoadjuvant chemotherapy, who have 
T1a/b and N0 disease, and who do not require bile duct resection [157].

14.21.1  Intrahepatic Cholangiocarcinoma

Intrahepatic disease most commonly requires hepatic resection to achieve negative 
margins, which is successful in less than 30% of cases [9, 158, 159]. There is no 
demonstrable therapeutic benefit of lymphadenectomy, and thus this remains a con-
troversial practice in the surgical management of intrahepatic cholangiocarcinoma 
[160–162]. Lymphadenectomy carries the risk of common bile duct devasculariza-
tion and ideally is only performed for centrally located tumors where extrahepatic 
bile duct resection is required to achieve negative surgical margins. The presence of 
gross porta hepatis lymphadenopathy portends a poor prognosis and should only be 
resected on a case-by-case basis [160]. Five-year survival rate with an R0 resection 
of N0 disease may be as high as 44–63%, but ultimately, most patients will recur 
despite an adequate oncologic resection [9, 160, 163–165].

14.21.2  Perihilar Cholangiocarcinoma

Isolated bile duct resection, while technically feasible for certain perihilar tumors, 
is associated with higher rates of early disease recurrence [166, 167]. Less than 50% 
of patients with perihilar cholangiocarcinoma amenable to surgical therapy will 
actually have a curative resection. Type I, II, and III lesions require en bloc resection 
of the involved extrahepatic bile ducts and gallbladder with 5–10 mm bile duct mar-
gins, regional lymphadenectomy, and Roux-en-Y hepaticojejunostomy reconstruc-
tion [122, 166, 167]. Additional en bloc hepatectomy or trisegmentectomy is often 
required to achieve an R0 resection [168–172]. Type II and III tumors also com-
monly involve the caudate bile duct branches and thus necessitate a caudate lobec-
tomy [122, 171]. Select type III and IV tumors are amenable to en bloc resection as 
detailed above plus portal vein resection and reconstruction. Highly select type II, 
III, and IV perihilar cholangiocarcinomas that are unresectable due to vascular 

14 Biliary Tract



208

invasion or underlying PSC should be referred for liver transplant evaluation (dis-
cussed later). Postoperative survival is adversely affected by transmural tumor 
extension to the gallbladder, mixed adenosquamous histology, hypoalbuminemia, 
and a preoperative total bilirubin level >10 mg/dL [14, 92, 173].

14.21.3  Distal Cholangiocarcinoma

Resectable distal disease is classically treated with either pylorus-resecting or 
pylorus- sparing pancreaticoduodenectomy. Five-year survival rate may be as high 
as 54–62% with an R0 resection of N0 disease but drops to below 20% for node- 
positive disease [113, 174, 175].

14.22  Role of Liver Transplantation 
in Cholangiocarcinoma Treatment

Some centers may consider liver transplantation as the standard therapy for patients 
with PSC and early-stage cholangiocarcinoma or those with early-stage, unresect-
able hilar cholangiocarcinoma who have completed rigorous neoadjuvant chemo-
therapy. Those patients who are evaluated for and eventually undergo liver 
transplantation for cholangiocarcinoma are more likely to have PSC and are more 
likely to have received neoadjuvant chemotherapy and/or chemoradiotherapy [176–
181]. There are also some studies to suggest that liver transplantation yields better 
3- and 5-year survival rates compared to resection for patients with initially resect-
able disease as well [182]. As such, the National Comprehensive Cancer Network 
(NCCN) recommends that transplant referral be placed for patients with locally 
advanced, unresectable cholangiocarcinoma [183].

There are no widely established patient selection criteria for curative liver trans-
plantation for cholangiocarcinoma. The Mayo Clinic criteria include a formal chol-
angiocarcinoma diagnosis on cytology, a CA 19-9 level >100 U/mL and/or mass 
lesion on cross-sectional imaging and/or a malignant-appearing stricture on cholan-
giogram, tumor above the cystic duct, radial tumor diameter ≤3 cm, and no intra- or 
extrahepatic metastases in a patient who is otherwise clinically fit to undergo liver 
transplantation [176, 181]. The United Network for Organ Sharing (UNOS) has an 
established Model for End-Stage Liver Disease (MELD) score exception for early- 
stage, unresectable hilar cholangiocarcinoma patients who complete a protocolized 
neoadjuvant chemoradiotherapy regimen and undergo operative staging at a trans-
plant center [184]. The baseline MELD score is set at 22 points and may increase 
every 3 months so long as selection criteria are still met.

As previously mentioned, FNA or percutaneous, image-guided biopsy of a sus-
pected cholangiocarcinoma can seed the biopsy tract with malignant cells. This 
practice precludes otherwise eligible patients from undergoing transplant evaluation 
[184]. As such, perihilar cholangiocarcinoma cases should be carefully reviewed 
with transplant surgery prior to any tissue sampling.
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14.23  Gallbladder Cancer Resection Techniques

14.23.1  Simple Cholecystectomy for Tis, T1a Disease

Simple cholecystectomy is considered curative for in situ or T1a gallbladder cancer. 
Notably, simple cholecystectomy may be selectively pursued as a palliative proce-
dure in later disease stages to prevent recurrent cholecystitis episodes.

14.23.2  Extended Cholecystectomy for T2, T3 Disease

Extended cholecystectomy refers to the en bloc resection of the gallbladder with a 
2  cm rim of liver segments IVb and V, most commonly performed via an open 
approach (midline laparotomy or right subcostal incision) [185–190]. It is important 
to avoid intraoperative bile spillage to minimize the risk of tumor dissemination 
[191]. Additionally, the cystic duct margin should be sent for frozen section analysis 
[144]. If this margin is negative, a portal lymphadenectomy completes the resection. 
However, if this margin is positive, further bile duct resection with portal and hepa-
toduodenal lymphadenectomy followed by biliary reconstruction is indicated 
[189, 192].

Indications for bile duct resection include tumor extension into the common bile 
duct and positive cystic duct margins [103, 189]. Reconstruction is most commonly 
performed via a Roux-en-Y hepaticojejunostomy. There is no survival benefit asso-
ciated with routine bile duct resection [142, 144, 193]. Expectedly, bile duct recon-
struction carries the increased risks of both biliary leak and anastomotic stricture.

Additionally, more extensive hepatic resection may be indicated for higher stage 
disease [194]. Typically, nonanatomic resection of at least a 2 cm margin of liver 
parenchyma of segments IVb and V is sufficient. For further disease infiltration, a 
formal IVb/V segmentectomy or even a formal hepatic lobectomy or extended right 
hepatectomy may be indicated. Overall, anatomic resection reduces the risk of 
bleeding and biliary leak compared to nonanatomic wedge resection [195]. However, 
there is ultimately no survival benefit to major hepatectomy or en bloc resection of 
adjacent organs in locally advanced gallbladder cancer [138].

Expectedly, perioperative morbidity and mortality are higher for those patients 
undergoing major hepatectomy [196–198]. The most commonly encountered com-
plications include bleeding, biliary leak, and perihepatic abscess.

14.23.3  Role of Lymphadenectomy

Portal lymphadenectomy for gallbladder cancer is indicated for T1b and higher dis-
ease [143, 150, 199]. An adequate regional lymphadenectomy removes a minimum 
of six nodes in the porta hepatis and along the hepatoduodenal ligament, including 
the cystic duct, common bile duct, hepatic artery, and portal vein lymph nodes 
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[101]. Overall, the number of involved lymph nodes is of greater prognostic signifi-
cance than their location [200].

14.23.4  Laparoscopic Port Site Excision

Port site recurrences are historically described following laparoscopic cholecystec-
tomy for gallbladder cancer [201, 202]. Ultimately, the use of laparoscopic tech-
niques does not adversely impact survival from gallbladder cancer, nor does radical 
re-section require excision of previous port sites [203]. Rather, tumor seeding at 
previous port sites represents disseminated disease and correlates well with the 
development of peritoneal metastases, and thus excision is neither beneficial nor 
curative [204].

14.24  Cholangiocarcinoma Resection Techniques

Typical surgical exposure for both intra- and extrahepatic cholangiocarcinoma is 
achieved through either an upper midline laparotomy or a right subcostal incision. 
From here, a wide Kocher maneuver is performed to expose the duodenum. This 
dissection is continued cephalad to expose the right side of the porta hepatis. 
Preoperatively placed stents may be palpated to help localize the common bile duct 
and ampulla of Vater. If the gallbladder is in situ, it is then removed from the cystic 
plate, but left attached to the common bile duct by the cystic duct.

Ultimately, further resection depends upon the location of the tumor. For exam-
ple, surgical treatment of middle bile duct tumors depends upon the extent of supe-
rior and inferior involvement. Initially, uninvolved superior and inferior bile ducts 
are identified in addition to the adjacent vasculature. The use of intraoperative ultra-
sound can be useful in the identification of portal vasculature and tumor assessment. 
Traditionally, the right hepatic artery is found posterior to the common hepatic duct. 
Frozen section analysis should be performed on the inferior and superior margins. 
A positive inferior margin typically requires proceeding to pancreaticoduodenec-
tomy, while a positive superior margin may require hepatic resection with biliary- 
enteric reconstruction.

Any suspicious or involved porta hepatis lymph nodes should be removed as 
well, although there is no clear consensus on the benefit of portal lymphadenec-
tomy [205].

14.24.1  Roux-en-Y Biliary-Enteric Anastomosis

Routine biliary-enteric reconstruction is achieved via creation of either a Roux- 
en- Y choledochojejunostomy or a hepaticojejunostomy. The biliary blood supply is 
more robust proximal to the takeoff of the cystic duct. This is classically performed 
as an end-to-side anastomosis.
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More specialized biliary reconstruction may occasionally be required due to 
tumor involvement, but more commonly due to iatrogenic or traumatic injury. 
Occasionally, multi-duct reconstruction may be necessary for multiply obstructed 
bile ducts. Preoperatively, PTC decompression should be attempted for all involved 
ducts. Intraoperatively, each orifice is identified and anastomosed to the Roux limb.

14.24.2  Distal Cholangiocarcinoma

Distal extrahepatic cholangiocarcinoma is nearly always surgically treated via pan-
creaticoduodenectomy. Consideration should also be given to distal enteral access.

14.25  Localized, Unresectable Gallbladder Cancer

Progression of gallbladder cancer is mostly locoregional, although gallbladder can-
cer has a greater propensity for distant metastases as compared to cholangiocarci-
noma [111]. Locoregionally advanced, unresectable disease is most commonly 
managed with external beam radiation therapy with concurrent 5-fluorouracil infu-
sion [206, 207]. Ultimately, the benefit of either chemotherapy or radiation therapy 
is unclear in this group of patients [118].

14.26  Localized, Unresectable Cholangiocarcinoma

Nonmetastatic, unresectable cholangiocarcinoma is initially treated with systemic 
chemotherapy, preferably with gemcitabine-cisplatin combination therapy [208, 
209]. If patients demonstrate stable disease without progression after 3–4 months of 
systemic chemotherapy, locoregional therapies may be considered, including 
chemoradiotherapy, SBRT, and hepatic intra-arterial therapies [210–215]. These 
patients are treated with the goal of palliation, although a small minority may expe-
rience a sufficiently robust response to therapy to permit eventual surgical resection.

For unresectable intrahepatic disease, the NCCN recommends gemcitabine- 
cisplatin combination therapy, enrollment in a clinical trial, fluoropyrimidine-based 
chemotherapy, and/or capecitabine chemoradiotherapy [183]. For unresectable 
extrahepatic disease, patients may be referred to a transplant center as appropriate 
or may receive gemcitabine-cisplatin combination systemic chemotherapy, clinical 
trial enrollment, capecitabine chemoradiotherapy, and/or best supportive care.
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14.27  Adjuvant Therapy for Resected Gallbladder Cancer 
and Cholangiocarcinoma

The overall survival of patients with biliary tract cancers is limited by disease recur-
rence after surgical resection, and therefore adjuvant therapy is often considered. 
While observation is an option for biliary tract cancers that have been completely 
resected, the limited study data that is available support the use of adjuvant therapy. 
The use of oral capecitabine is considered to be standard adjuvant therapy for 
resected biliary tract malignancies [216, 217]. Recently studied adjuvant therapeu-
tic regimens have been well tolerated, and thus additional phase III studies are 
ongoing [218]. The greatest survival benefit with adjuvant therapy is observed in 
patients with N+ disease as well as those who have undergone an R1/R2 resection 
[219]. Accordingly, adjuvant therapy is strongly recommended for patients with 
these high-risk features.

14.28  Advanced, Unresectable Disease

As previously mentioned, biliary malignancy carries an exceptionally poor progno-
sis due to its commonly advanced stage at the time of diagnosis. The goals of treat-
ment at this stage are to relieve pain, jaundice, and other symptoms and potentially 
prolong life. Ultimately, any palliative intervention depends upon the patient’s 
symptoms and overall goals of care.

14.28.1  Obstructive Jaundice

Jaundice secondary to biliary obstruction is the presenting symptom of gallbladder 
cancer in 30–60% of patients, most commonly due to direct tumor infiltration of the 
common hepatic duct [220]. Stenting is the preferred treatment modality, either 
percutaneous or endoscopic, given patients’ limited life expectancy, for both gall-
bladder cancer and unresectable, extrahepatic cholangiocarcinoma [221]. Ultimately, 
adequate drainage of as little as 30% of the liver is often sufficient to palliate jaun-
dice and pruritis. More distal biliary obstructions are best treated via endoscopic 
drainage and stenting, while more proximal obstructions are often better served 
with percutaneous transhepatic drainage [222]. Both modalities carry similar rates 
of stent occlusion and median survival. As percutaneous drains often cannot be 
internalized and can be inconvenient for the patient, an initial endoscopic attempt at 
biliary decompression is typically pursued and is successful in 70% or more cases.

Unilateral versus bilateral stenting for hilar obstruction is debatable [223, 224]. 
Most cases require unilateral drainage only but may be inadequate and increase the 
risk of cholangitis in a handful of patients. Bilateral stent placement is more inva-
sive but maximizes biliary drainage. In the event that only one side of the biliary tree 
can be technically drained, preprocedural imaging should be obtained to identify 
the dominant biliary system.
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While there is much debate around the use of metal versus plastic stents, there is 
no associated survival benefit to either type [223, 225, 226]. Plastic stents are less 
expensive and more easily removed or exchanged but are more likely to occlude due 
to buildup of biliary sludge or bacterial biofilm [225]. Maintenance of patency typi-
cally requires serial ERCP every 3–6 months. Conversely, metal stents have a much 
longer duration of patency and are commonly placed in patients with unresectable 
disease who are expected to live beyond a few months [223, 227–233]. However, 
they may not be removable. As such, the diagnosis of an underlying malignancy 
should be firmly established prior to deployment.

There is also a similar debate around the use of covered versus uncovered stents, 
although they ultimately have similar patency rates [230]. In general, tumors that 
place extrinsic compression on the biliary tree are decompressed with uncovered 
stents, and those that are intraductal are decompressed with covered stents to mini-
mize tumor ingrowth. Of note, in the setting of a distal malignant obstruction with 
an in situ gallbladder, placement of an uncovered bare metal stent is common to 
avoid occlusion of the cystic duct [231].

Surgical biliary or intestinal bypass may occasionally be considered in a handful 
of patients. However, even appropriately selected patients with good performance 
status and a longer estimated survival will ultimately fail these interventions due to 
disease progression. Palliative surgical bypass should be limited to patients who are 
found to have unresectable distal cholangiocarcinoma at the time of laparotomy, 
only if stenting is not a feasible option. Most commonly, this consists of a biliary- 
enteric bypass to either segment IV or left lateral sector of the liver with Roux-en-Y 
hepaticojejunostomy reconstruction.

14.28.2  Palliative Chemotherapy

Systemic chemotherapy is the primary treatment modality for unresectable biliary 
malignancies. It provides, at best, a modest benefit in treating advanced gallbladder 
cancer with approximately a 10–60% response rate [232–234]. First-line chemo-
therapeutic regimens are selected based upon the patient’s performance status and 
degree of hyperbilirubinemia and are typically either gemcitabine or platinum based 
[100, 208, 209, 235–239]. Second-line chemotherapeutic agents are not well 
established.

14.29  Conclusion

Despite advances in surgical and medical therapies, the prognosis for biliary tract 
malignancies remains quite poor overall as these tumors are typically diagnosed at 
an advanced, unresectable stage. As initial presenting symptoms of both gallbladder 
cancer and cholangiocarcinoma can be vague and nonspecific, and thus may mimic 
benign biliary disease, these pathologies will be inevitably encountered by acute 
care surgeons upon initial patient evaluation as well as intraoperatively and 
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postoperatively. It is imperative that non-hepatobiliary-trained surgeons be familiar 
with clinical, laboratory, and radiographic findings of biliary malignancies in order 
to best optimize patient outcomes.
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15Oncologic Surgical Emergencies: Spleen

Dennis Kim, and Naveen Balan

Highlights

• Oncologic surgical emergencies of the spleen are rare and often result from injury.
• Although a variety of malignant diseases may affect the spleen, splenic rupture 

is usually due to associated splenomegaly rather than the malignant process itself.
• Management of splenic rupture in the setting of a hematologic or splenic malig-

nancy generally follows the same algorithm as patients with blunt splenic trauma.

15.1  Splenic Surgical Anatomy and Functions

The spleen is the largest collection of lymphoid tissue in the human body, located in 
the left upper quadrant of the abdomen and usually measuring 7–13 cm in length. It 
has numerous functions including hematopoiesis of red and white blood cells 
(WBCs) during gestation; immunologic protection; culling senescent red blood 
cells; removing inclusions from damaged red blood cells; and serving as a reservoir 
for platelets. Structurally, it is composed of lymphatic tissue and a dense vascular 
network surrounded by a fibroelastic capsule (Fig. 15.1) [1].

Within the abdomen, the spleen is suspended by several reflections of perito-
neum. The splenorenal ligament, connecting the spleen to the left kidney, is perhaps 
the most important attachment to the surgeon as the splenic artery and vein course 
through it. The gastrosplenic ligament connects the spleen to the greater curvature 
of the stomach and contains the short gastric arteries. The splenophrenic and 
splenocolic ligaments confer attachments to the left hemidiaphragm and splenic 
flexure of the colon, respectively (Fig. 15.2).
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Fig. 15.1 Basic splenic anatomy

The arterial supply to the spleen comes from the tortuous splenic artery, a branch 
of the celiac trunk. There are two major clinical variations: distributed and magistral. 
The distributed phenotype involves the splenic artery dividing into smaller branches 
farther from the splenic hilum, while the magistral type branches close toward the 
hilum. Several organs lie in close proximity to the spleen: the stomach, pancreas, 
left kidney, and colon. In the vast majority of patients, the tail of the pancreas 
terminates within 1 cm from the splenic hilum. Therefore, caution must be taken to 
ligate the splenic vascular pedicle within 1  cm of the hilum to avoid iatrogenic 
injury to the tail of the pancreas.

The spleen has four principal physiologic functions: hematopoiesis, reservoir, 
filtration, and immunologic. Hematopoiesis is a main role of the spleen during early 
fetal development, serving as one of the main producers of red blood cells. However, 
this function largely disappears late in fetal life and is assumed by the bone marrow. 
As a reservoir, the spleen stores nearly one-third of platelets, as is evidenced by the 
resultant thrombocytopenia from platelet sequestration in the various pathologies 
that cause splenomegaly and thrombocythemia seen following splenectomy.

Filtration is one of the chief roles of the spleen as it is important in clearing the 
blood of various damaged or poorly functioning blood elements. As blood enters the 
red pulp of the spleen, red blood cells encounter reticuloendothelial cells that cull 
senescent red blood cells, remove dysmorphic red blood cells, and remove cellular 
inclusions (e.g., Howell-Jolly bodies and Heinz bodies). The immunologic functions 
of the spleen are essential in preventing bacteremia and infections, particularly for 
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Fig. 15.2 Suspensory ligaments and relation of spleen to surrounding organs

encapsulated bacteria (i.e., Streptococcus pneumoniae, Neisseria meningitidis, 
Haemophilus influenzae, and Group B Streptococcus). Present in the white pulp of 
the spleen are the plasma cells which generate large volumes of both IgM and IgG 
antibodies to aid in opsonization and destruction of microbes.

15.2  Hematologic Malignancies and Splenic Tumors

Various hematopoietic malignancies can cause splenic infiltration with resultant 
splenomegaly or discrete splenic lesions. Additionally, non-hematologic tumors 
may also metastasize to the spleen via direct hematogenous spread or peritoneal 
implants. Nonlymphoid primary tumors are rare. The malignant hematologic 
disorders most commonly affecting the spleen include leukemias, lymphomas, and 
myeloproliferative disorders. The varying effects of these hematologic disorders on 
various blood cell lines may predispose to an increased risk for perioperative 
morbidity. For example, profound thrombocytopenia may create a high perioperative 
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bleeding risk, whereas low functional WBC counts may increase the risk for surgical 
site infections.

15.2.1  Leukemias

Leukemias are hematologic cancers caused by malignant transformation of hemato-
poietic stem cells, which result in displacement and failure of normal bone marrow. 
Acute leukemias, the most common cancer in children, present rapidly, while 
chronic leukemias, more common in adults, have a more insidious course [2]. In 
both malignancies, following bone marrow infiltration, the cancer spreads to the 
spleen, liver, and lymph nodes. Cases have been reported of patients presenting with 
atraumatic splenic rupture due to acute lymphoblastic leukemia, acute myeloid 
leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, and 
chronic myelomonocytic leukemia [3]. Although the exact etiology for splenic 
rupture due to leukemia is unknown, it has been suggested that hemorrhage 
originates from either tumor foci, leukostasis, splenic infarction, or dysfunctional 
hemostasis.

15.2.2  Lymphomas

Lymphomas are hematologic cancers of lymphocytes that preferentially affect the 
lymph node basins. They are broadly derived into two main categories: Hodgkin’s 
lymphoma and the overwhelmingly more common non-Hodgkin’s lymphoma. 
When lymphomas progress to more advanced stages, they can cause splenomegaly 
due to the spread of malignant cells. When the splenomegaly reaches a critical 
point, splenic infarction can occur with subcapsular hemorrhage, which may result 
in atraumatic splenic rupture. Case reports of atraumatic splenic rupture involve 
diffuse large B cell lymphoma, T cell lymphoma, and marginal zone lymphoma.

15.2.3  Primary Splenic Malignancy (Angiosarcoma)

Splenic angiosarcoma is a malignant tumor that arises from the vascular endothe-
lium, and, although exceptionally rare, it is the most common primary splenic 
malignancy. It largely affects young men, and patients often present with advanced 
disease as initial symptoms of abdominal pain and fatigue are vague and nonspe-
cific. Environmental carcinogens like vinyl chloride monomers and arsenic have 
historically been implicated in the disease process, but the exact pathophysiology 
has not been elucidated to this date. Given its late presentation, splenic angiosarcoma 
usually portends a poor prognosis with less than 20% of patients surviving past 
6 months of diagnosis. Splenic angiosarcoma can lead to splenic rupture, likely due 
to the irregularly arranged, capillary-like vasculature that is a histopathologic 

D. Kim and N. Balan



229

hallmark of the neoplasm [4]. In case reports of spontaneous splenic rupture due to 
splenic angiosarcoma, splenomegaly was a common intraoperative finding.

15.2.4  Secondary Metastatic Disease

Despite the large blood flow to the spleen, splenic metastases are rare and usually 
associated with widespread disseminated disease. The overall incidence of splenic 
metastases in autopsy studies varies from 2 to 30%. Melanoma and breast and lung 
cancers are the most common primary sources for metastatic spread to the spleen. 
Other less commonly detected metastases originate from the gastric, colon, prostate, 
ovarian, and endometrial cancers. Atraumatic splenic rupture has been seen in the 
case of splenic metastases from pancreatic cancer, melanoma, and gestational 
malignancies.

15.3  Clinical Presentation and Management

Oncologic surgical emergencies of the spleen are rare and usually due to splenic 
rupture in the setting of splenomegaly [5]. Although hypersplenism is an indication 
for operative intervention among patients with myeloproliferative disorders, 
emergent intervention is uncommon and usually indicated only following a course 
of medical therapy/chemotherapy. Similar to patients with blunt traumatic splenic 
injury, patients with atraumatic splenic rupture may present along a spectrum from 
mildly symptomatic without evidence of hemodynamic instability to life-threaten-
ing hemorrhagic shock.

In the absence of a traumatic history, abdominal pain is the most common pre-
senting complaint among patients with atraumatic splenic rupture, which may be 
sudden or acute in onset. Pain may progress to generalized abdominal pain, with or 
without referred pain to the left shoulder (Kehr’s sign) due to irritation of the 
diaphragm by intraperitoneal blood. Medical history may reveal a history of 
malignancy; however, in most cases, no underlying diagnosis has been previously 
made. Use of antithrombotic medications should be queried as well and treated 
accordingly.

On physical examination, findings include pallor, abdominal distension, and ten-
derness, and even diffuse peritonitis. Intravenous access should be secured and 
damage control resuscitation initiated in hemodynamically unstable patients. A 
Focused Assessment with Sonography for Trauma (FAST) exam may reveal free 
fluid in the abdomen, and contrast-enhanced computed tomography (CT) with 
intravenous contrast should be performed in appropriately selected patients to 
identify the source and severity of bleeding [6, 7] (Fig.  15.3). Where available, 
viscoelastic assays should be sent.

15 Oncologic Surgical Emergencies: Spleen



230

Fig. 15.3 Coronal CT 
abdomen demonstrating 
ruptured spleen with 
hemoperitoneum

15.4  Operative Management

15.4.1  Approach and Techniques

Following diagnosis of a splenic rupture, the approach should be tailored to the 
patient’s physiology and available resources. In the case of stable patients with 
massive splenomegaly, for example, preoperative angioembolization of the splenic 
artery may be a reasonable approach at centers with access to angiography followed 
by laparoscopic or open splenectomy. Patients in hemorrhagic shock should proceed 
directly to surgery for open splenectomy [8].
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15.4.2  Open Splenectomy

Patients should be brought to the operating room and positioned supine on the oper-
ating room table with arms extended laterally. Following administration of preop-
erative antibiotics and a wide prep and drape, a generous midline incision should be 
made extending to the left of the xyphoid process and the abdomen packed, begin-
ning with the left upper quadrant. Placement of a self-retaining retractor system is 
strongly encouraged to allow for improved access and exposure to the left upper 
quadrant. Lap pads may be placed above and behind the spleen in order to bring it 
to the midline.

For patients with splenomegaly, the splenic artery may be identified running 
along the posterosuperior aspect of the spleen, isolated and ligated prior to 
mobilization of the spleen. Otherwise, splenectomy may be carried out in the 
standard manner. Care should be taken to avoid injury to the pancreatic tail and 
ensure that the short gastric arteries are well secured. Application of hemostatic 
adjuncts may be required. Generally, drains are not required following splenectomy; 
however, in the setting of a hematologic malignancy of the spleen, it may be 
considered.

15.4.3  Laparoscopic Splenectomy

Laparoscopic splenectomy may also be performed in appropriately selected patients 
without evidence of hemorrhagic shock. Patients are positioned in right lateral 
decubitus with the operating surgeon facing the patient (Fig. 15.4). One option for 
port placement involves a supraumbilical camera port, the assistant aiding in 
retraction via a lateral port, and the operating surgeon using epigastric and left 
abdomen working ports (Fig. 15.5). To minimize blood loss, certain laparoscopic 
considerations must be made. For patients with massive splenomegaly, securing the 
splenic hilum or splenic artery first is the safest approach. A hand-assisted approach 
is sometimes required to extract the massively enlarged spleen.

15.4.4  Angioembolization

Splenic artery embolization may be used in isolation or as an adjunct selectively in 
patients who present with atraumatic splenic rupture—particularly because these 
patients tend to have poor reserve secondary to reduced or dysfunctional red blood 
cells and platelets and may therefore be deemed as poor operative candidates. Most 
patients undergo surgical intervention within 24 h of diagnosis with only 15% of 
patients treated with conservative management or splenic arterial embolization. 
Post-procedurally, patients should be closely monitored for ongoing or recurrent 
bleeding necessitating splenectomy, as well as for complications related to splenic 
infarction.
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Fig. 15.4 Intraoperative positioning for laparoscopic splenectomy
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Fig. 15.5 Port placement 
for laparoscopic 
splenectomy

15.5  Postoperative Considerations

Patients with atraumatic splenic rupture in the setting of a malignant etiology are at 
an increased risk for mortality. When compared to other causes, neoplastic etiologies 
for splenic rupture confer the highest atraumatic splenic rupture-related mortality, 
as high as 20%. Complications include bleeding, pancreatic leak, and sepsis or 
overwhelming postsplenectomy infection (OPSI).

Postoperative bleeding usually presents in the immediate postoperative period 
with vital sign changes, abdominal distension, and worsening anemia. The usual 
culprit is bleeding from the short gastric vessels along the greater curvature of the 
stomach, and as such, expeditious operative exploration is mandated.

Pancreatic leak occurs due to stapler or cautery injury to the tail of the pancreas, 
which lies in close proximity to the splenic hilum. It is usually diagnosed on CT 
imaging, which shows a fluid collection near the tail of the pancreas which has a 
high amylase and lipase content. Management of a pancreatic leak involves a 
stepwise approach including percutaneous drainage of the fluid collection followed 
by nil per os (NPO) status and, depending on if the output is high, consideration for 
endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy 
and/or pancreatic duct stent placement in addition to consideration of medical 
adjuncts such as octreotide (especially if the leak is high output).

It can be challenging to differentiate between the normal postoperative leukocy-
tosis and thrombocytosis that occur following splenectomy from infection or 
OPSI. Regardless of laboratory values, with clinical signs of sepsis, diagnosis of 
infection and empiric antibiotics should not be delayed. OPSI, which can occur any 
time following splenectomy, carries a high mortality rate of 40–50% and risk factors 
include asplenic patients with hematologic malignancy and immunosuppression. 
Patients should be advised of the future risk for OPSI and the need for antibiotic 
prophylaxis and empiric therapy as indicated. Finally, patients should receive 
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postoperative vaccination prior to discharge with outpatient evaluation of appropriate 
antibody titers to minimize the risk of developing OPSI.

15.6  Conclusions

Overall oncologic splenic emergencies are rare and most commonly due to atrau-
matic rupture of the spleen in the setting of splenomegaly. Splenectomy is the defin-
itive operation of choice. Select patients may be candidates for splenic artery 
angioembolization, usually as a preoperative adjunct to either laparoscopic or open 
splenectomy.
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16Gynecologic Oncological Surgical 
Emergencies

Pier Andrea De Iaco

16.1  Introduction

Gynecological cancer, which includes cancers of the cervix, ovary, uterus, vulva, 
vagina, and fallopian tubes, is among the leading causes of cancer-related mortality 
worldwide. Distribution and frequency vary across regions; cervical carcinoma is 
more frequent in low-income countries; on the contrary, endometrial cancer is 
highly represented in high-income countries.

The incidence of cervical cancer cases has increased over the past few years; 
cervical cancer is the fourth most frequently diagnosed cancer and the fourth lead-
ing cause of cancer death in women, with an estimated 604,000 new cases (cumula-
tive risk of 1.39%) and 342,000 global deaths in 2020 [1].

Instead, cancer of the corpus uteri is the sixth most common neoplasm in women 
worldwide, with 417,000 new cases (2.2%) in 2020 (cumulative risk 1.05%) and 
97,000 deaths in 2020 [2].

Vulvar cancer is a rare gynecologic malignancy and has a world incidence of 
more than 45,000 new diagnoses in 2020 and more than 17,000 deaths worldwide 
in 2020. Ninety percent of vulvar cancers are predominantly squamous cell carcino-
mas (SCCs), which can arise through human papillomavirus (HPV)-dependent and 
HPV-independent pathways [3].

Vaginal cancer constitutes only 1–2% of all female genital tract malignancies 
and only 10% of all vaginal malignant neoplasms. In 2020, the global incidence of 
vaginal neoplasms reached about 17,000 cases (with a cumulative risk of 0.09%). 
Diagnosis of a primary vaginal cancer is rare because most lesions are metastasis 
from another primary site. Although cancer of the vagina is more common in post-
menopausal women, an increased diagnosis in young women has been reported, 
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especially in countries with a high HIV prevalence (e.g., African countries) and 
persistence of high-risk HPV infection [4].

In 2020, ovarian cancer world incidence was 313,959 (1.6%) with a cumulative 
risk of about 0.73% and a number of deaths reaching 207,252 (2.1%). Although 
ovarian cancer may occur at any age, it is more common in patients that are older 
than 50  years. Prognosis is typically determined by the cancer stage and grade. 
Epithelial ovarian cancer is the most common type of ovarian cancer, and because 
of absence of symptoms and screening, 70% of cases are diagnosed at stage III or 
IV, and it is associated with a poor prognosis [2, 5, 6].

Advanced gynecologic malignancies are known to have a poor prognosis, due to 
local invasion in adjacent organs. Surgery is often difficult to perform, and for this 
reason, an interdisciplinary management is the best option. In case of advanced 
disease, the risk of emergency conditions may be higher due to the disease or as a 
consequence of specific treatments.

An oncologic emergency is defined as an acute, potentially life-threatening con-
dition in a cancer patient that has developed, directly or indirectly, as a result of the 
malignant disease or cancer treatment. To determine which procedures should be 
undertaken or avoided, it is essential that the surgeon is informed on the perfor-
mance status of the patient, cancer stage and prognosis, (need for) future cancer 
treatment, and the patient’s wishes regarding aggressive interventions and treatment 
at the end of life [7].

Indications for surgery are classified as elective/nonurgent, semi-urgent, and 
urgent/emergent.

The conditions of surgical emergency usually include bowel perforation, malig-
nant bowel obstruction, hemorrhage, and urinary obstruction. Yet, uncommon emer-
gencies in gynecologic oncology are numerous and will be discussed in this chapter.

16.2  Bowel Perforation

Patients with gynecologic malignancies are especially susceptible to bowel injury. 
Intestinal perforation is generally an emergent condition associated with high 
mortality.

Tumor invasion of the bowel is common in advanced-stage gynecological can-
cers (especially ovarian cancer) and in case of peritoneal carcinosis; this condition 
can evolve in perforation. It can be associated with large bowel obstruction present-
ing with acute abdomen and radiological findings of pneumoperitoneum. Also, 
treatments for advanced disease can determine an intestinal perforation. Radiation 
is frequently planned in patients with cervical cancer (also in the early stages of the 
disease) and can potentially cause radiation-related bowel complications. 
Fortunately, grade 4 or worse complication of the small intestine from irradiation 
for gynecologic malignancy by Radiation Therapy Oncology Group/European 
Organization for Research and Treatment of Cancer (RTOG/EORTC) scoring sys-
tem is uncommon. The incidence of such injuries has been reported to be 2.4–8.6% 
of patients, and signs of peritonitis may be equivocal or even absent [8].
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Late effects of irradiation determine mucosal ulceration that may be complicated 
by stenosis, obstruction, or hemorrhage with occasionally subsequent peritonitis. 
The mesentery is usually foreshortened and edematous, which contributes to distur-
bances of intestinal motility. Late-stage complications may appear from a few 
months to 20 years or more after RT [9].

Also, infusive treatments may lead to intestinal perforation. Bevacizumab is 
associated with a higher perforation rate in patients with ovarian cancer than in 
those with other cancer types (e.g., colorectal, pancreatic, non-small cell lung, 
breast cancer). Patients at major risk of perforation are usually heavily pretreated, 
with peritoneal carcinomatosis, and have a history of either prior or concurrent 
bowel obstruction; these factors are all known to increase the risk of bowel perfora-
tion [10]. Administration of bevacizumab further increases the susceptibility for 
bowel perforation by promoting tumor regression/necrosis or compromising the 
structure and function of the gastrointestinal vasculature, including onset of micro-
emboli [11–13].

Immediate surgery is often necessary in the event of bowel injury except when 
the leak is walled off; in this case, conservative treatment with careful observation 
may be justified. However, patients with gynecologic cancers are often at an 
advanced age with high disease extension and frequently have concurrent comor-
bidities. Life expectancy may already be limited due to an extensive cancer burden 
that has been treated with multiple chemotherapy regimens [14].

The most important determinant of survival in these patients is the amount of 
cancer burden present at the time of perforation.

Bowel perforation and pneumatosis intestinalis carry severe prognosis in patients 
with gynecologic cancers. Although surgical management is performed in patients 
with free intestinal leak, overall prognosis is poor and conservative management 
should be considered [15].

Surgery is generally performed by laparotomic route; after thorough and careful 
assessment of all abdominal quadrants and intestinal loops, the perforation is identi-
fied. In case of bowel perforation, a partial colectomy is performed, the distal colon 
is closed, and an end colostomy is prepared. In case of ileal loop perforation, the 
possibility of resection and anastomosis should be evaluated, but in most cases, the 
safest procedure is to divert the intestine by means of a double-barrel ileostomy.

16.3  Bowel Obstruction

Patients with gynecological cancer are at a higher risk of developing gastrointestinal 
complications.

Malignant bowel obstruction (MBO) is a complication particularly frequent in 
patients with gynecological cancer and occurs in 5–35% of all patients with ovarian 
cancers. In 20% of patients with gynecologic malignancy, MBO may be the initial 
presentation, but, in most cases, MBO is a feature of advanced or recurrent disease 
associated with a poor prognosis. In 3–11% of uterine cancer patients, MBO is an 
end-of-life condition [16].
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MBO can be caused by extrinsic pressure at multiple sites in the gastrointestinal 
tract due to tumor direct extension or its metastatic spread. Direct invasion or intra-
peritoneal seeding is the main mechanism of spread in ovarian cancer, while cervi-
cal cancer frequently spreads by direct invasion or lymphatic extension. In 76% of 
patients, the bowel obstruction is multifocal; in 13% of cases, the small bowel is 
involved; and in 8% of patients, the site of obstruction is the large bowel (Fig. 16.1) 
[17–19].

There are also some nonmalignant bowel obstructions that occur in up to 23% of 
patients with ovarian cancers. Injury induced by pelvic irradiation for cervical or 
endometrial cancers and postoperative intraperitoneal adhesions are more frequent. 
Intestinal obstruction can also be favored by opioid use and electrolyte imbalances. 
Ogilvie’s syndrome, consisting of acute dilation of the colon in the absence of 
mechanical obstruction typically caused by surgical interventions or by drugs that 
inhibit colonic motility, is an important differential diagnosis to make as it resolves 
conservatively and does not need a surgical approach [20].

The partial or total blockage of the intestine causes pain, constipation, disten-
sion, and/or vomiting.

The diagnosis is clinical, and it is confirmed by radiological imaging demonstrat-
ing fluid levels.

In the management of bowel obstruction, the symptom control is the main goal 
in patients with limited life expectancy [21].

In most patients, the bowel obstruction is incomplete and the symptoms are 
chronic; thus, in most cases, bowel obstruction is not really urgent, although its 
complications are the main cause of death in patients with gynecological cancer. 
Management of these serious complications is a difficult clinical challenge, and it is 
useful to consider the nature of the obstruction, the disease status, and the patient 
physical condition. It is not clear which patients should be treated aggressively 
because the resolution of symptoms is not certain and obstruction might relapse [22].

Individualized decisions should be made with a multidisciplinary team involving 
oncologists, surgeons, and palliative caregivers to ensure the best management [23].

Clinical observation and supporting management with fasting, intravenous flu-
ids, and insertion of a nasogastric tube constitute the initial approach. Medical man-
agement depends on clinical status and includes steroids, drugs for enemas, and 

Fig. 16.1 Ovarian cancer 
carcinosis; small and large 
nodules cover large 
peritoneal and 
gastrointestinal surfaces. 
Normal gastrointestinal 
function is frequently 
impaired
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pain control. Other treatments like total parenteral nutrition and chemotherapy 
might be considered [24].

An effective surgical treatment depends on the different etiology factors and dif-
ferent anatomical sites involved. In patients with relapsing ovarian cancer, surgery 
is associated with high rates of morbidity and mortality; therefore, its role is contro-
versial. There is not much evidence that guides clinical decision-making.

Previous surgery, radiotherapy/chemotherapy, free interval after treatment (TFI), 
multiple sites of disease, ascites, and serum albumin levels are possible factors to 
predict successful surgery palliation.

In patients with large ascites, acute abdomen, chemoresistance, and short TFI, 
the surgical approach appears to be less effective [21].

In some conditions, metallic stents inserted under radiologic or endoscopic guid-
ance might be an alternative for patients excluded from surgery. In these patients, 
chemotherapy appears not to be effective for the control of symptoms.

A particularly difficult case is intestinal obstruction in a patient with a newly 
diagnosed advanced ovarian neoplasia. Malignant ovarian cancer that spreads in the 
peritoneum covers large peritoneal areas with neoplastic nodules that alter organ 
function; in particular, the presence of numerous tumor nodules covering long loops 
of the small intestine and its meso can alter the normal progression of intestinal 
contents. Moreover, the presence of significant amounts of ascites with consequent 
hydro-electrolyte imbalances and albumin and protein losses leads to intestinal 
obstruction that worsens the general clinical condition. In this case, emergency sur-
gery should be reduced to a minimum, as the prompt start of chemotherapy might 
allow regression of the disease, a marked decrease in ascitic fluid, and rapid recov-
ery of intestinal function [25, 26].

On the other hand, in patients with benign causes of bowel obstruction such as 
irradiation or postsurgical adhesion, surgery is usually effective. A radiological 
study is necessary, generally, CT associated with Gastrografin per os, for more pre-
cise diagnosis of intestinal obstruction; moreover, Gastrografin has prokinetic intes-
tinal action. If symptoms fail to resolve after conservative therapy, surgery must be 
performed to improve the patient’s symptoms and intestinal function and obtain 
hydro-saline balance [27].

16.4  Vaginal Bleeding

Vaginal bleeding is a common problem in gynecological cancer patients related to 
multiple causes as local tumor invasion, tumor angiogenesis, systemic effects of the 
cancer, or anticancer treatments.

Vaginal bleeding commonly occurs in gynecological cancer including vaginal, 
vulvar, cervical, and endometrial cancer at diagnosis, mostly in advanced disease 
cases, and can be potentially life-threatening.

Malignant cervical cancer in its early stages is responsible for minor genital 
bleeding; postcoital bleeding may be frequently observed, due to the fragility of the 
neoplastic cervix. In more advanced cases, the neoplasm increases in size, involves 
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the entire cervix, and may cause profuse bleeding. In fact, locally advanced cervical 
cancer may present with uncontrollable vaginal bleeding in up to 70% of cases. At 
diagnosis, in non-Western countries, more than two-thirds of patients present with 
advanced cervical disease (FIGO stage IB2-IVA). In this scenario, approximately 
6% of patients will die of unstoppable cervicovaginal bleeding, especially in coun-
tries with a low level of sanitary assistance [28].

The maneuver to be performed in case of copious bleeding due to cervical neo-
plasia is vaginal packing, which consists of placing long gauze pads in the vagina to 
fill completely the vagina, compress the external surface of the cervix, and stop 
bleeding. Gauzes in the vagina lead to compression of the urethra, so a bladder 
catheter must be left in place. Meanwhile, hemoderivatives are administered, as 
well as tranexamic acid. Generally, gauzes are removed after 24–48 h [29, 30].

After growing within the cervix, cervical cancer expands to infiltrate vagina, 
parametrium, and subsequently bladder and rectum. Hemorrhage from infiltration 
and progressive rupture of the uterine artery may occur. In this case, at gynecologi-
cal examination, the cervix is completely replaced by necrotic tissue, often ulcer-
ated, and excavated. In such advanced cases, which are not uncommon in a 
population not screened for cancer, the situation may be severe, as bleeding may be 
very profuse and vaginal tamponade may be ineffective. The patient should be ade-
quately treated with fluids, blood transfusion, and fresh plasma. A useful maneuver 
is the uterine artery embolization: the procedure requires the patient to be in stable 
condition, not in shock state, and an interventional radiology service to be available. 
Interventional radiologist must have adequate expertise for endo-arterial emboliza-
tion procedures (liver embolization, oncology, etc.). The uterine artery embolization 
procedure is performed under radiological guidance; with a vascular percutaneous 
femoral artery approach, uterine arteries are selectively cannulated and embolized 
using mechanical devices such as coils, sclerosing agents, or polymerizing agents 
(polyvinyl alcohol particles and trisacryl gelatin microspheres). Uterine artery 
embolization is successful in 70% of cases; certainly, the size of the tumor, the 
involvement of surrounding organs, and the extent of bleeding are factors that influ-
ence success. Uterine or iliac artery embolization may be an important tool in con-
trolling massive hemorrhage due to gynecologic neoplasms, since it provides an 
exact visualization of the bleeding vessel and allows minimally invasive direct ther-
apy to achieve hemostasis. Compared with surgical ligation, this procedure lowers 
the number of blood transfusions and surgical complications in almost all cases and 
may be preferred [31, 32].

Historically, the other surgical method to control hemorrhage is surgical ligation 
of the hypogastric artery; the procedure causes an 85% decrease in blood flow from 
the bleeding area [29, 33].

In 1893, Howard Kelly performed the bilateral hypogastric artery ligation at 
Johns Hopkins Hospital, to control an intraoperative hemorrhage during a hysterec-
tomy for uterine cancer [34]. This method leads to a decrease in the blood pressure 
of the pelvic area in 85% of the cases [35]. Surgery may be risky as the hypogastric 
vein is located under the artery; therefore, accurate dissection of external and inter-
nal iliac arteries and veins is warranted before ligating the hypogastric artery 
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Fig. 16.2 Internal iliac 
artery closure; the 
procedure has to carefully 
cleavage external iliac 
artery, external iliac vein, 
and internal iliac vein; the 
procedure warrants 
reduced pelvic perfusion to 
obtain hemostasis in 
difficult procedures

downward to the gluteal artery (Fig. 16.2). However, in case of severe pelvic hemor-
rhages (due to multiple bleeding sources) that are difficult to control, it has been 
shown that hypogastric artery ligation alone is not enough and might require con-
comitant ligation of the infundibulopelvic, round, and uterosacral ligament veins. 
Concomitant hypogastric artery embolization, by direct injection of an embolic 
material below the level of ligation on the hypogastric artery, can be considered in 
case of uncontrolled severe hemorrhage [36].

Sometimes, bleeding of an advanced cervical tumor fails to be completely con-
trolled as described above. If patients are hemodynamically stable, radiation therapy 
to palliate bleeding can be effective within 24–48 h of the delivery of the first dose. 
Radiation treatment regimens for palliation of bleeding include various strategies 
such as single treatments of 8–10 Gray (Gy), intermediate courses of 4–8 Gy given 
in 3–5 treatments, or longer courses of 30–45 Gy in 10–15 treatments. No treatment 
scheme has been proven more effective, but one randomized trial suggests that side 
effects are less likely with shorter treatment courses [37]. Large 10 Gy, monthly 
radiation fractions with misonidazole have been investigated for palliation of 
advanced pelvic malignancies. Although approximately 40% of patients achieved 
complete or partial response, the study was a small stage I/II trial, and the rate of 
gastrointestinal complications was considered unacceptably high [38].

Another important consideration is whether the patient has a history of prior 
radiation to the same anatomic site. Re-irradiation may be an option if the benefits 
outweigh the risks, but care must be taken to respect the constraints of critical nor-
mal tissues [39].

Endometrial cancer is characterized by the occurrence of abnormal uterine 
bleeding (AUB) and is noted in about 90% of patients. It is often minor and occurs 
in pre-menopausal patients in the intermenstrual phase or in menopausal patients 
without any premonitory signs. Usually, these symptoms lead the woman to seek 
medical advice and the disease is diagnosed at early stage. Sometimes, however, the 
rapid growth of the tumor or the patient’s delay in seeking counselling leads to the 
presence of a large endometrial mass with significant vaginal bleeding. In this case, 
bleeding is often associated with abdominal pain, as the accumulation of blood in 
the uterus causes contractions of the bowel with cramping pain [40]. Treatment of 
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major bleeding provides for fluids and hemoderivatives, and tranexamic acid. If 
treatments fail, the choice must be made between urgent hemostatic radiotherapy 
and hysterectomy. The decision must be made taking into account the patient’s age, 
general clinical conditions, spread of the disease, and possibility of waiting. 
Certainly, a surgical operation to remove the uterus requires a patient in good gen-
eral condition, with an acceptable anesthesiological risk and with a reduced spread 
of disease, while the choice of hemostatic radiotherapy should be reserved for older 
patients, with comorbidities and with advanced disease [41].

Uterine sarcomas can cause continuous, uncontrollable bleeding. Rarely, the first 
presentation may be hemoperitoneum. Leiomyosarcomas are characterized by a 
poor prognosis; 5-year survival rate is more than 76% for women with stage I dis-
ease confined to the uterus, and 60% for women with stage II disease. Patients with 
metastatic disease present survival rates of 10–15% at 5 years. In the presence of 
uterine sarcomas with severe bleeding, conservative management (use of tranexamic 
acid, vaginal packing, arterial embolization) is often unsatisfactory. The result is 
usually achieved by emergency removal of the uterus. The uterus is greatly increased 
in volume, and becomes soft, often with cancer spread to adjacent organs. Surgery 
should primarily aim to remove the uterus, although an attempt at radicalization, 
i.e., ablation of residual neoplastic tissue on other abdominal organs, should be 
considered [42].

Ovarian cancer may present with vaginal bleeding, but emergency hemorrhagic 
conditions that need a surgical approach are usually rare and derive from periopera-
tive complications or advanced-stage metastasis [43, 44].

16.5  Hemoperitoneum

Hemoperitoneum is an uncommon complication of ovarian neoplasms. Few cases 
of massive bleeding are described in literature (for example due to ovarian malig-
nant cyst rupture) that needed an invasive approach [45, 46].

Specific histologic ovarian tumors may be more at risk of bleeding than others. 
Malignant germ cell tumors of the ovary account for approximately 5% of all ovar-
ian malignancies, and age of presentation is 19–21 years. They are frequently uni-
lateral and extremely chemosensitive. In case of advanced stage with abdominal 
involvement, intra-abdominal hemorrhage, bowel occlusion or urinary tract inva-
sion, and hydroureteronephrosis can be observed [47].

Among germ cell tumors (yolk sac tumor, teratoma, embryonal carcinoma, cho-
riocarcinoma), choriocarcinoma presents the highest risk of bleeding. Non- 
gestational ovarian choriocarcinoma (NGOC) accounts for <1% of ovarian germ 
cell tumors. Abdominal hemorrhage in choriocarcinoma can occur from the primary 
site or from metastasis. The tumor bleeds because of its high vascularity, as the ves-
sels are highly fragile as in gestational trophoblastic disease. Choriocarcinoma is 
characterized by rapid proliferation, invasiveness, and vascularity and outgrows its 
blood supply with subsequent necrosis of tumor. Choriocarcinoma cells directly 
invade, erode, and destroy blood vessels. It is also believed that some products of 
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tumor cells induce blood vessel damage without direct invasion. Metastases to 
regional lymph nodes, as well as hematogenous spread to lung, liver, and brain, 
occur at an early stage and are at risk of bleeding [48]. Of interest is a rare complica-
tion, the “choriocarcinoma syndrome” resulting from massive tumor lysis after che-
motherapy [49]. The choriocarcinoma syndrome is characterized by cytokine 
release enhanced by chemotherapy, inducing alveolar hemorrhage that can lead to 
acute respiratory failure (ARDS) and death [50]. Considering the usually young age 
of patients, the high chemosensitivity of these tumors, and the consistent probability 
of healing even with advance disease, a surgical approach in case of severe bleeding 
is highly recommended. Another rare cause of hemoperitoneum is tubal rupture due 
to tubaric localization of metastasis or primary tumor [51].

Bleeding risk can also be exacerbated by oncological therapies such as bevaci-
zumab that is widely used in the treatment of cancers including advanced epithelial 
ovarian, fallopian tube, and cervical cancer [52]. By binding to vascular endothelial 
cell growth factor (VEGF), a key promoter of vasculogenesis and angiogenesis, 
bevacizumab prevents the latter from binding to its receptors, Flt-1 (VEGFR-1) and 
KDR (VEGFR-2), on the surface of the endothelial cells. The VEGF activity block 
arrests tumor vascularization, thus preventing cancer growth. In case of emergency 
surgery, bevacizumab should be interrupted prior to surgery and careful intraopera-
tive hemostasis should be obtained [53, 54].

16.6  Ovarian Torsion

Ovarian torsion is a rare emergency condition in women. Early diagnosis is neces-
sary to preserve the function of the ovaries and prevent severe morbidity. Ovarian 
torsion refers to complete or partial rotation of the adnexa with subsequent isch-
emia. It can affect females of all ages. Ovarian torsion occurs in around 2–15% of 
patients with surgically treated adnexal masses. Ovarian torsion is more likely to 
occur with a benign than a malignant tumor. The incidence of ovarian torsion with 
ovarian malignancy was less than 2% in reported case series [55].

Ovarian tumors are often cystic and sometimes increase very rapidly in size. 
Torsion depends on the mobility and weight of the tumor, as well as on the length of 
the ovarian pedicle. Clinical signs include a palpable abdominal mass, acute lower 
abdominal pain, vomiting, and shock. The treatment is surgical. Through a laparo-
scopic or laparotomic approach, detorsion of the mass is the first maneuver, fol-
lowed by the decision to remove the ovarian cyst or the entire ovary in case of 
irreversible ischemia [56–58].

16.7  Hematometra

Patients, often of older age, may be referred for emergency because of pelvic pain, 
a sense of weight, and abdominal distension due to distension of the uterine cavity, 
even of significant size, for liquid collection that is drained through the cervical 
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canal. In fact, the presence of severe stenosis of the cervical canal, associated with 
a slowly growing endometrial neoplastic process, may result in the appearance of 
serous, hematic, or frankly purulent material within the endometrial cavity. The 
patient is usually apyretic, not severely distressed, and complains of compression 
symptoms on nearby organs (pollakiuria, bladder, and rectal tenesmus). The patient 
may present some rare purulent vaginal discharge or none. The diagnosis is made by 
ultrasonography, which shows a mid-pelvic mass that is identified as the uterus, 
often with thinned walls, distended by anechogenic or hypoechogenic fluid, refer-
able to serum, blood, or pus. The diagnosis is confirmed by probing the cervix. 
Cautious dilation of the cervical canal should be carried out, sometimes under ultra-
sound guidance, and the fluid is drained. Dilation of the cervical canal is followed 
by endometrial biopsy to verify the presence of endometrial neoplastic cells [59].

16.8  Urinary Obstruction

Access to the emergency department can be caused by recent onset of lumbosacral 
pain; CT images may show significant unilateral hydronephrosis. Causes of unilat-
eral hydronephrosis include gynecological tumors: cervical cancer when infiltrating 
the para-uterine tissues (parameters) may close the ureter and cause hydronephro-
sis. Ureteral obstruction is reported in 11–44% of cervical carcinoma patients 
[60, 61].

Sometimes, this condition sets in slowly; sometimes, the rapid distension of the 
renal basins causes pain. Generally, hydronephrosis due to local spread of cervical 
cancer is also associated with involvement of the para-uterine nerve and vessels, so 
that patients complain of vaginal bleeding, chronic pelvic pain with reported “vagi-
nal” and “rectal” pain, widespread lower limb pain, and lower limb edema.

Hydronephrosis should be quickly resolved to avoid impairment of renal func-
tion. The choice of urinary drainage depends on the patient’s clinical condition, the 
possibility of performing endoscopic drainage, and the characteristics of the ure-
teral stenosis; ureteral stent placement by cystoscopy or percutaneous drainage with 
nephrostomy is the procedure of choice [61].

Advanced endometrial carcinoma may also cause unilateral hydronephrosis in 
12–20% of cases; this may be induced by a large metastatic pelvic lymph node that 
may compress or infiltrate the nearby ureter. These are generally stenoses situated 
high in the pelvis. Rarely, direct spread of an endometrial tumor through the uterine 
serosa reaches the surrounding tissues and causes ureteral stricture. The diagnosis 
of the genital origin of the stenosis has to be made by clinical and radiological 
examinations.

Ovarian cancer rarely causes ureteral obstruction, generally associated with large 
pelvic masses or retroperitoneal diffusion [61, 62].

Radiation therapy can cause urologic complications. External radiotherapy for 
cervical and endometrial cancer includes in the radiation field bladder and distal 
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ureters. Usually, the onset of ureteric strictures is slow, and rarely these adverse 
events (e.g., ureteric stenosis) can be considered a surgical emergency [63].

16.9  Complicated Ascites

Ovarian cancer is characterized by insidious growth, without accompanying symp-
toms, and therefore diagnosis is late in 85% of cases. Tumor spread within the abdo-
men results in the appearance of carcinomatous nodules on the peritoneal surfaces 
and the development of a diffuse abdominal effusion. Abdominal distension due to 
ascites may be the first manifestation of the disease, and the patient may be referred 
to an emergency department for difficulty in movement, difficulty in eating, diffuse 
abdominal pain, and weight loss or gain. Clinical examination shows a severely 
distended abdomen, generally associated with a hard, fixed, painful pelvic mass. 
Complementary imaging includes pelvic sonography and thoracic-abdomino-pelvic 
CT scan. Evacuative paracentesis can therefore be considered with the aim of reduc-
ing abdominal tension and analyzing the fluid with cytological examination [64]. 
The procedure is generally performed in an outpatient clinic. Aspiration of the 
ascitic fluid improves the condition of the patient and allows cytological investiga-
tion. The fluid generally relapses within a week. The procedure is generally associ-
ated with low risk of complications, as fine needle perforation of intestinal loops 
and bladder has no consequences. The occurrence of an intra-abdominal or abdomi-
nal wall infection requires antibiotic therapy and possibly hospitalization [65].

16.10  Conclusion

Management of gynecologic oncologic emergencies is a difficult challenge. The 
base for a sensitive approach to emergency cases is multidisciplinarity, as general 
surgeon, urologist, gynecologist, intervention radiologist, and internal medicine 
specialist should collaborate to find the best solution.

In any case, the necessity of quick decision-making should not be made at the 
expense of the patient’s quality of life.
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17.1  Introduction

While there are nuanced complications associated with specific malignancies, onco-
logic emergencies for the acute care surgeon fall into several discrete categories: 
hemorrhage, obstruction, and perforation. We will discuss surgical emergencies 
associated with the collecting system and tumors of the kidney as well as complica-
tions secondary to treatment therapies for metastatic renal cell carcinoma with 
which general surgeons should be familiar.

17.2  Parenchymal and Collecting System Emergencies

First described by Carl Wunderlich in 1856, Wunderlich syndrome is defined as 
nontraumatic spontaneous hemorrhage of the kidney into the subcapsular and peri-
nephric spaces [1, 2]. Significant retroperitoneal hemorrhage can present as 
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hypovolemic shock without abdominal pain and be difficult to diagnose, leading to 
increased morbidity and mortality [1–3]. Wunderlich syndrome classically presents 
as Lenk’s triad: acute flank or abdominal pain, hypovolemic shock, and a palpable 
flank mass on physical exam. Hemodynamically significant hematuria is also often 
present [2, 3]. The acute management of these patients is similar to that of hemor-
rhagic shock from other etiologies and should include large-bore intravenous access, 
type and cross, volume resuscitation with transfusion of blood products, and emer-
gent cross-sectional imaging if hemodynamically stable.

There are multiple etiologies of Wunderlich syndrome; however, the most com-
mon cause is renal neoplasms, which are responsible for up to 65% of Wunderlich 
cases [2–4]. Both benign and malignant neoplasms can cause Wunderlich syn-
drome, with renal angiomyolipoma (AML) as the most common benign etiology 
and renal cell carcinoma as the most common malignant etiology [2, 4]. Though 
extremely rare, other renal neoplasms such as Wilms’ tumor, fibromas, oncocyto-
mas, sarcomas, or metastases can also cause spontaneous perirenal hemor-
rhage [2, 4].

Angiomyolipomas are composed of smooth muscle cells, adipocytes, and epithe-
lioid cells that are clonally proliferated around blood vessels. These tumors are 
more common in females and are typically found when patients are in their fourth 
or fifth decades of life [1, 5]. AMLs can be sporadic, diagnosed incidentally on 
imaging or autopsy in up to 2% of the population [6, 7]; however, they are more 
commonly associated with tuberous sclerosis complex (TSC) or pulmonary 
lymphangioleiomyomatosis (LAM) [2]. Studies have shown that AMLs are found 
in up to 60% of patients with TSC or LAM [8, 9].

Although AMLs are largely asymptomatic, hemorrhagic rupture is the primary 
presentation in up to 25% of patients [2]. However, not all AMLs will rupture, and 
the risk of Wunderlich syndrome secondary to tumor rupture is directly proportional 
to the size of both the tumor and the aneurysm within the tumor [2, 10, 11]. Current 
guidelines recommend prophylactic embolization or nephron-sparing surgery to 
remove tumors >4 cm or those with aneurysms >5 mm, as these have increased risk 
of hemorrhage [10, 12]. Surgical intervention is also recommended for patients with 
persistent symptoms such as flank pain or hematuria.

Renal cell carcinoma (RCC) is the second most common neoplastic etiology of 
Wunderlich syndrome [2, 3, 13]. RCC is twice as likely to be found in males and is 
most commonly diagnosed in the sixth or seventh decade of life [14]. There are 
multiple subtypes of renal cell carcinoma, including clear cell, papillary, and chro-
mophobe variations. The most common subtype that leads to perirenal hemorrhage, 
or Wunderlich syndrome, is clear cell [2, 15].

Spontaneous hemorrhage is much more rare in renal cell carcinomas compared 
to AMLs; however, it can still be potentially lethal and requires urgent intervention 
[2, 16]. Patients with clear cell renal carcinoma whose tumors are large, grow rap-
idly, and invade into renal vasculature are more prone to spontaneous hemorrhage 
[1, 2, 17]. If possible, patients should be stabilized with embolization, with surgery 
largely dependent on the cancer stage and overall clinical state of the patient, includ-
ing their performance status.
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Patients with autosomal dominant polycystic kidney disease (ADPKD) are pre-
disposed to Wunderlich syndrome due to both the increased incidence of cyst rup-
ture and renal cell carcinoma. ADPKD is much more common than both AML and 
RCC, with an incidence of 1 in 1000; however, it is estimated that almost half of the 
patients with ADPKD will have no symptoms or complications [18]. Patients with 
polycystic kidney disease without end-stage renal disease requiring dialysis have a 
1.77 increased risk of developing RCC compared to the general population [19]. 
Multiple case studies have documented that rupture of cysts in patients with ADPKD 
can cause hemorrhage resulting in shock or peritonitis if the cyst ruptures secondary 
to infection [2, 20–22].

Total nephrectomy carries a significant risk of developing chronic kidney dis-
ease. Therefore, the treatment approach selected should be the one that optimizes 
kidney function as much as possible, preferably nephron-sparing heminephrectomy 
or embolization [7, 12, 23]. Embolization is used for tumors that are centrally 
located and have large feeding vessels, making a successful heminephrectomy 
unlikely, and has been shown to reduce tumor size and occlude tumor aneurysms [2, 
24, 25]. A total nephrectomy should be reserved for patients who cannot undergo 
heminephrectomy due to risk of hemorrhage and multiple failed embolizations, or 
for patients who have a tumor thrombus in the renal vein, inferior vena cava, or right 
atrium [7, 12, 13]. When patients with Wunderlich syndrome present with life- 
threatening shock secondary to hemorrhage, embolization is the preferred initial 
intervention, if the patient is stable enough to undergo the procedure, as it can 
decrease active bleeding and allow for a less radical surgical intervention later on 
[2, 12–14].

In addition to hemodynamic compromise, massive hematuria can also lead to 
acute urinary retention due to blood clot obstruction in the bladder neck or urethra. 
Hematuria from hemorrhage into the collecting system will develop into a blood 
clot when the amount of blood in the bladder overwhelms the ability of the urinary 
urokinase to prevent clot formation. Clot retention requires prompt intervention to 
relieve the obstruction and is a true urologic emergency [26–28]. Placement of a 
large three-way urethral catheter, typically 22 French or larger, allows for continu-
ous bladder irrigation (CBI) with 0.9% normal saline to prevent new clot formation. 
If the urine is unable to be cleared with CBI, the patient may need cystoscopy and 
removal of intravesical clots in the operating room.

17.3  Ureteral Obstruction

Ureteral obstruction is a common urologic emergency necessitating operative inter-
vention. Ureteral obstruction is most often due to stones but can also be caused by 
blood clots or tumors. Decompression in the form of a ureteral stent or percutaneous 
drainage from a nephrostomy tube is needed in the setting of infection, acute wors-
ening of renal function, uncontrollable pain, and obstruction of both kidneys or in 
patients with a solitary functioning kidney [26]. Patients who are 
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immunosuppressed, such as those on chemotherapy and antirejection medications 
or those who are diabetic or pregnant, should also undergo stenting or drainage.

17.4  Bowel-Related Emergencies

Malignancy of the kidney is the sixth most common cancer among men and ninth 
most common cancer among women in the United States [29]. While the 5-year 
survival rate for localized disease is >90%, approximately one-third of patients with 
renal cell carcinoma will develop metastases [30, 31]. Common metastatic sites 
include lung, liver, bone, brain, and adrenal gland, although case reports have 
described metastases to the small bowel, colon, and peritoneum [32–34]. Metastatic 
disease to the small bowel has presented as bowel obstruction with intussusception, 
gastrointestinal bleeding, or both [35–40].

As discussed above, the initial management of a gastrointestinal bleed should 
focus on maintaining an active type and cross and stabilizing the patient with trans-
fusion of blood products and minimal crystalloid intravenous fluids as needed. For 
bleeding metastases, identifying the location of the bleed, with either upper endos-
copy, capsule endoscopy, or angiography, is an important step in the diagnostic 
workup. Both a diagnostic and therapeutic intervention and selective angiographic 
embolization can identify and control intestinal hemorrhage prior to an operation, 
which typically includes a segmental bowel resection (Fig. 17.1). Although the most 

Fig. 17.1 Mesenteric 
angiogram with ovoid, 
hyper-enhancing lesion 
(arrow), likely in the small 
bowel, supplied by 
branches of the ileocolic 
artery. Obtained with 
permission from Mueller 
JL, Guyer RA, Adler JT, 
Mullen JT. Metastatic renal 
cell carcinoma to the small 
bowel: three cases of GI 
bleeding and a literature 
review. CEN Case Rep, 
2018; 7(1): 39–43
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common causes of lower gastrointestinal bleeding are angiodysplasia and diverticu-
losis, the acute care surgeon should maintain a high level of suspicion for a bleeding 
metastasis in patients with a history of renal cell carcinoma.

Metastases to the bowel or the peritoneum can result in a small bowel obstruc-
tion. If there is a single point of obstruction and there are no concerning peritoneal 
signs or hemodynamic instability, an initial period of nonoperative management is 
reasonable not only to allow for the possibility of resolution with nasogastric tube 
decompression alone, but also to have a multidisciplinary discussion regarding can-
cer prognosis, treatment options, and goals of care. Similar to small bowel obstruc-
tions from other causes, if the patient is unstable, there is evidence of a closed-loop 
obstruction, or the patient does not improve with decompression alone, surgical 
exploration is warranted. If resection of the affected area is not feasible due to the 
extent of disease, other considerations include intestinal bypass and a venting gas-
trostomy tube.

With the development of targeted molecular therapy and immunotherapy, there 
are more available treatment options for metastatic disease. The National 
Comprehensive Cancer Network (NCCN) has several first-line recommendations 
for tyrosine kinase inhibitors and monoclonal antibodies in treating stage IV or 
relapsed clear cell kidney cancer, including sunitinib and pazopanib [41]. Potent 
vascular endothelial growth factor (VEGF) inhibitors, sunitinib and pazopanib, 
decrease angiogenesis and have shown survival benefits in patients with metastatic 
RCC. The most common gastrointestinal side effects of VEGF inhibitors include 
nausea, vomiting, and diarrhea. However, both sunitinib and pazopanib have a rare 
risk of gastrointestinal perforation, with case reports of small bowel and colon per-
foration [42, 43]. These perforations were fatal in 0.3% of cases [44]. These patients 
can present with signs of septic shock and diffuse peritonitis on physical examina-
tion, necessitating surgical exploration with emergency laparotomy.

17.5  Conclusion

Surgical emergencies related to kidney tumors can present as hemorrhage, obstruc-
tion, or perforation. General surgeons should be knowledgeable about the potential 
for life-threatening retroperitoneal hemorrhage or hemodynamically significant 
hematuria from tumor rupture, with the potential for acute urinary retention or ure-
teral obstruction secondary to clots, as well as gastrointestinal bleeding or obstruc-
tion from metastases or bowel perforation related to chemotherapy side effects. 
Prompt evaluation and treatment are indicated in each emergent presentation, 
requiring urinary decompression in the cases of collecting system obstruction and 
angioembolization and/or surgery for patients presenting with bleeding.
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18Urologic Emergencies in Oncology 
Patients

Lily Kong and Fernando J. Kim

18.1  Introduction

Ureteral obstruction is seen in advanced stages of both genitourinary and non- 
genitourinary cancers. Clinical presentation can vary based on the mechanism of 
obstruction. Management is also patient and provider specific and typically involves 
a multidisciplinary approach.

18.2  Ureteral Obstruction

Malignant ureteral obstruction (MUO) is a complication of a wide range of cancers, 
including genitourinary cancers such as bladder or prostate cancer and non- 
genitourinary cancers including lymphoma, colorectal, uterine, cervical, ovarian, 
and breast cancer. MUO affects patients with more advanced stages of cancer and is 
associated with a high rate of morbidity in many cancers. A prospective study 
showed that the median range for survival in all cancer patients after urinary diver-
sion was 144 days; survival rates at 1, 6, and 12 months were 80%, 42%, and 21%, 
respectively [1]. Recognition and expeditious management of ureteral obstruction 
are crucial to preserve optimal renal function.

18.2.1  Epidemiology

Between 3 and 16% of patients treated for advanced prostate cancer can develop 
MUO from local tumor spread [2]. In cervical cancer, ureteral obstruction can occur 
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in up to 11% of patients [3]. The overall incidence of MUO is unknown, although 
one source suggests that ureteral obstruction may occur in up to one-third of patients 
with primary or metastatic pelvic malignancies [4, 5].

18.2.2  Etiology

Among the cancers causing MUO, the most common include prostate, cervical 
(Fig.  18.1), and bladder cancers. Other cancers that less frequently cause MUO 
include colorectal, gastrointestinal, ovarian, and uterine cancers [1, 6].

18.2.3  Pathophysiology

MUO occurs most commonly from direct tumor invasion by ureter infiltration, 
extrinsic ureteral compression from large tumors, or retroperitoneal/pelvic lymph-
adenopathy. Direct metastasis can cause MUO, but less commonly so. Obstruction 
can also be a sequelae of cancer treatment, e.g., secondary to retroperitoneal fibrosis 
from surgery, chemotherapy, or radiotherapy [7].

The most common mechanism of upper urinary tract obstruction in prostate can-
cer is direct invasion of the tumor to the ureter [8]. In prostate cancer, malignant 
bilateral ureteral obstruction can also be seen. In these cases, the mechanism of 

Fig. 18.1 Coronal view of 
abdominal computed 
tomography demonstrating 
right-sided hydronephrosis 
(yellow arrow) in the 
setting of advanced 
cervical cancer (red 
asterisk)
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obstruction is often invasion of the bladder trigone and ureteral orifices causing 
upper urinary tract obstruction and, less frequently, obstruction of the lower one- 
third of the ureter from local spread or impaired drainage secondary to retroperito-
neal lymph node metastases [9]. In very rare cases, prostate cancer can metastasize 
to the ureters, with fewer than 100 cases of this phenomenon reported in litera-
ture [5].

Lupu et al. described the main variables in MUO that are likely to change as 
MUO progresses: glomerular filtration rate (GFR), renal blood flow (RBF), and 
ureteral pressure (UP). These variables change in stages, which are different depend-
ing on whether the patient has unilateral obstruction or bilateral obstruction [5]. In 
unilateral obstruction, animal experiments have demonstrated a triphasic pattern:

 1. First phase (1–2 h after obstruction):
 (a) RBF increases, UP is high, GFR is maintained (due to an increase in RBF)
 (b) Facilitated by afferent arteriole vasodilation
 2. Second phase (3–4 h after obstruction)
 (a) RBF decreases, UP continues to decrease, GFR decreases (due to 

decrease in RBF)
 (b) Facilitated by efferent arteriole vasoconstriction
 3. Third phase (5 h after obstruction)
 (a) Both RBF and UP decrease, GFR decreases
 (b) Facilitated by efferent and afferent arteriole vasoconstriction [5, 10]

In bilateral obstruction, the phases are less distinct. In the first 90  min after 
obstruction, RBF increases and then slowly decreases and UP increases, remaining 
elevated for a longer time than unilateral obstruction due to persistent afferent vaso-
dilation [10]. There is also a post-obstructive phase that is more commonly seen in 
bilateral obstruction than unilateral obstruction. In this stage, the obstruction causes 
large retention of osmolar substances such as sodium, urea, and water, which may 
lead to significant diuresis [5].

18.2.4  Clinical Presentation

Because MUO can be due to several primary cancers, clinical presentations may 
differ from patient to patient. Patients can present with vague symptoms, including 
pain and fever. Presentation also differs with the level of the obstruction.

18.2.4.1  Lower Urinary Tract Obstruction
In lower urinary tract obstruction (LUTO), patients may experience urinary urgency, 
frequency, nocturia, incontinence, decreased urinary stream, hesitancy, post-void 
dribbling, and a sensation of inadequate emptying. Patients may also have suprapu-
bic pain or a palpable bladder if urinary retention is present. Infection can also 
occur, leading to dysuria [5]. LUTO will be discussed further in the next section on 
bladder outlet obstruction.
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18.2.4.2  Acute Upper Urinary Tract Obstruction
Acute upper urinary tract obstruction manifests as a colicky abdominal pain that 
often radiates to the iliac fossa. The pain can be dull or sharp, and intermittent or 
persistent. Nausea and vomiting are common associated symptoms. Patients with 
complete bilateral upper urinary tract obstruction can present with anuria [5].

18.2.4.3  Chronic Upper Urinary Tract Obstruction
Chronic upper urinary tract obstruction can be a result of compression from an 
enlarging pelvic malignancy. Patients may present with vague, dull abdominal pain 
that is less severe than that of acute upper urinary tract obstruction, most likely due 
to gradual distention of the renal pelvis. Chronic obstruction can eventually cause 
symptoms related to electrolyte abnormalities and changes in volume status [10].

18.2.5  Evaluation

Initial workup includes taking a thorough patient history and physical examination. 
Basic laboratory studies should be obtained, including serum electrolytes and uri-
nalysis [5, 10]. There are multiple imaging modalities that may be used to aid in the 
diagnosis of MUO, which are presented below.

18.2.5.1  Renal Ultrasonography
Renal ultrasound is an appropriate first-line imaging modality for detecting hydro-
nephrosis, which may be present in patients with MUO. Bedside ultrasound in the 
ED has been shown to have a reported sensitivity of 72–87% and specificity of 
73–83% for detection of unilateral hydronephrosis compared to CT [11, 12]. 
Ultrasound has many advantages over other imaging modalities, including lack of 
ionizing radiation; safety in pregnancy, pediatric populations, and patients with 
renal insufficiency; and cost. However, ultrasound has a distinct disadvantage in that 
it can only determine anatomic dilatation of the urinary tract and cannot assess any 
functional obstructions [5, 10].

18.2.5.2  Nuclear Medicine Renography
Nuclear medicine renography uses radioisotopes, typically technetium diethylene-
triaminepentaacetic acid (Tc-99m DTPA) and technetium mercaptoacetyltriglycine 
(Tc-99m MAG), to determine renal function [5, 10]. Tc-99m DTPA is freely filtered 
and neither secreted nor reabsorbed; Tc-99m MAG is eliminated by the proximal 
tubules without reabsorption [10]. Diuresis renography, in which the study is com-
bined with the use of diuretics, commonly furosemide, can help distinguish between 
obstruction and prolonged renal drainage [13, 14]. Furosemide is administered 
intravenously to increase urine flow rate; in obstruction, washout of the radioisotope 
remains slow even with the administration of furosemide and can build up proximal 
to the obstruction [13]. This study allows providers to measure relative renal func-
tion and has very low radiation exposure [14].
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Fig. 18.2 Axial view 
computed tomography 
demonstrating right-sided 
hydronephrosis (yellow 
arrow) with a 
retroperitoneal mass (red 
asterisk)

18.2.5.3  Computed Tomography and Magnetic Resonance Imaging
Computed tomography (CT) (Fig. 18.2) has become the preferred imaging modality 
for assessing the urinary tract. CT has a 95% sensitivity and 98% specificity in 
detecting ureteral stone disease [5]. CT urography can be especially useful in evalu-
ating for ureteral obstruction as it can visualize the renal system in three phases—
non-contrast, nephrogenic, and excretory. In the non-contrast phase, CT urography 
can detect stones and other calcifications, and it can detect filling defects in the 
excretory phase [5].

Magnetic resonance imaging (MRI) can provide similar information as CT, but 
without ionizing radiation. It may be a safer option in pregnant patients, pediatric 
patients, and those at risk for contrast-induced nephropathy, i.e., patients with renal 
insufficiency [5, 10].

18.2.5.4  Urodynamics
Urodynamics testing assesses patterns of bladder filling, urine storage, and empty-
ing. Though it is not often used in the diagnosis of ureteral obstruction, it can be 
useful if initial workup and diagnostic testing are equivocal or insufficient [10].

18.2.6  Management

There are currently no guidelines for the management of MUO given the varied 
etiologies of MUO. Because MUO typically presents in patients with advanced- 
stage cancer, management has evolved into a multidisciplinary approach involving 
urologists, oncologists, palliative care physicians, general medicine physicians, and 
interventional radiologists [6]. Management can vary widely depending on the eti-
ology and individual practice and can be curative or palliative. In this chapter, we 
review common courses of management for ureteral obstruction in general while 
being cognizant that treatment can differ by patient. Careful consideration should be 
given to the risks and benefits of each treatment.
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18.2.6.1  Ureteral Stents
Ureteral stents are often first-line treatments in ureteral obstruction as a method of 
decompression, as they can bypass the narrowed portion of the ureter to allow effec-
tive drainage of the affected kidney(s) [10]. Advancements in technique and tech-
nology have increased the success rate of stents to 73–95% compared to 50% in 
older studies; however, the success rate varies based on other presenting factors. For 
instance, grade 4 hydronephrosis, multiple areas of ureteral narrowing, and altered 
anatomy of the ureteral orifices and trigone are all factors that are predictive of stent 
failure. Long-term failure rates of stents have been reported to be anywhere between 
11 and 44%, although failure rates as high as 58% have been reported for conven-
tional polymeric stents [7, 15].

Classically, ureteral stenting used double-pigtail polymeric stents, but newer 
options have also emerged. Tandem ureteral stenting, in which two double-pigtail 
stents are used in the same ureter to relieve obstruction, is a relatively newer tech-
nique [7]. Conceptually, this method is thought to be advantageous compared to 
single stents because the space between the stents and ureteral wall allows for addi-
tional drainage capacity [15]. One study found that stent patency was significantly 
better in tandem ureteral stenting compared to single ureteral stenting (mean patency 
time of 176.7 days versus 214.7, p = 0.022) [15]. Overall survival was similar in 
both groups; however, the increased patency time for tandem ureteral stenting may 
require fewer stent exchanges and thus has potential for improved quality of life.

Metallic stents are another option for ureteral stents as they require less frequent 
exchanges (one stent exchange every 12 months). However, even with the develop-
ment of newer metallic stents, they are associated with higher failure rates and com-
plications. As such, they are typically used as second-line therapy after single or 
tandem ureteral stenting has failed [7]. The most widely utilized metallic ureteral 
stents are Resonance, Uventa, and Allium.

Ureteral stents have the advantage of internal decompression, so there is a lower 
risk for dislodgement and no need for external appliances, such as with nephros-
tomy tubes [7]. However, ureteral stents are not without complications; patients can 
experience lower urinary tract symptoms, somatic pain, encrustation, ureteral perfo-
ration, pyelonephritis, stent migration or fracture, hematuria, and, rarely, arterio- 
ureteral fistula causing significant hematuria [16]. Stents may also not be able to be 
placed in patients with extensive pelvic disease [1]. Additionally, patients with 
MUO have higher rates of encrustation compared to patients with benign obstruc-
tion [7].

18.2.6.2  Percutaneous Nephrostomy Tubes
Percutaneous nephrostomy (PCN) tubes are another method used to drain the kid-
neys in ureteral obstruction. A catheter is placed directly into the renal pelvis 
through the patient’s back. PCN tubes can be used for urgent decompression or as 
alternate therapy if patients have failed ureteral stents and need chronic decompres-
sion [10]. One advantage PCN tubes have over ureteral stents is that placement of 
PCN tubes can be carried out using local anesthesia instead of general anesthesia [7, 
10]. Because PCN tubes involve external tubes and drainage bags, complications 
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may arise related to these appliances. Tube blockage, leakage, and dislodgement of 
the PCN tube are common, and additional tube changes are required in up to 83% 
of patients with PCN tubes [16]. Other complications include pyelonephritis, hema-
turia, and hospital readmission [1]. PCN tubes also need to be exchanged every 
6–12 weeks [10].

18.2.6.3  Surgical Management
If initial treatment options for MUO are not effective, surgical management exists 
for such refractory cases. Surgical treatment options include ureterolysis and ure-
teral reimplantation to restore urinary flow. However, ureteral reimplantation may 
not be an option for patients with pelvic malignancies that have grown in a way that 
makes reimplantation nonoptimal or patients who have had radiation therapy with 
resulting poor bladder tissue quality [10].

18.3  Bladder Outlet Obstruction

In this section, we will examine bladder outlet obstruction (BOO) in the setting of 
malignancy. BOO is an umbrella term that encompasses posterior urethral stenosis 
(PUS), which describes a narrowing from the distal bladder neck to the proximal 
bulbar urethra, and vesicourethral anastomotic stenosis (VUAS), which occurs at 
the anastomosis site after prostatectomy [17]. For the most part, this type of obstruc-
tion is common in prostate cancer (Fig. 18.3) and the treatment of prostate cancer 
but can occur as a result of other cancers as well.

18.3.1  Epidemiology

The incidence of BOO in the setting of prostate cancer treatment varies as patho-
genesis differs by type of treatment. Five to ten percent of patients with radical 

Fig. 18.3 Axial view 
computed tomography of 
advanced prostate cancer 
(red asterisk) causing 
bladder outlet obstruction 
(not pictured)
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prostatectomy can have PUS and 1–13% after external beam radiotherapy, with a 
greater rate after combination therapy [18]. One study reported that, by 10 years 
after prostate cancer therapy, 20–38% of elderly men have surgery for BOO [19]. 
One obstacle to estimating the incidence of BOO in general is that many studies 
only investigate patients who have received treatment, which likely underestimates 
true incidence [17].

18.3.2  Etiology

In patients with male anatomy, bladder outlet obstruction is most linked to the treat-
ment of prostate cancer. Malignant causes of bladder outlet obstruction in patients 
with female anatomy include urethral, vaginal, and cervical cancers [20]. There 
have also been a few reported cases of acute urinary retention from bladder obstruc-
tion caused by uterine tumors [21].

18.3.3  Pathophysiology

BOO in the setting of cancer is strongly associated with pelvic cancer treatment, 
especially radical prostatectomy and radiation therapy. Its pathogenesis is thought 
to be related to several factors, such as prior bladder neck or prostate procedures, 
surgical approaches, severe hemorrhage, prior radiotherapy, and surgeon experi-
ence. A variety of patient factors may also contribute to its pathogenesis, including 
preexisting medical conditions such as cardiovascular disease, diabetes mellitus, 
and hypertension; smoking; BMI; and age [17].

Studies have offered several causes for BOO after radical prostatectomy, includ-
ing urine leak at the anastomosis site, intraoperative hemorrhage, and mucosal ever-
sion [17]. Radiation therapy can cause BOO through target tissue injury via two 
mechanisms: (1) induction of apoptosis and (2) inhibition of mitosis associated with 
the generation of highly reactive oxygen species that can damage DNA, RNA, and 
cell membranes [22]. The long-term effects of this tissue injury cause scarring and 
fibrosis, which leads to urethral stenosis [17]. Alternative and adjuvant therapies for 
prostate cancer, such as cryoablation and high-intensity focused ultrasound (HIFU), 
can also cause BOO. These therapies utilize local coagulative necrosis that can lead 
to fibrosis and, thus, BOO [17].

18.3.4  Clinical Presentation

Bladder outlet obstruction most commonly presents with lower urinary tract symp-
toms (LUTSs). These symptoms may be obstructive, irritative, or a combination of 
both. Obstructive symptoms include urinary hesitancy, decreased urinary stream, 
post-void dribbling, and a sensation of incomplete bladder emptying. Irritative 
symptoms include urinary urgency, urinary frequency, dysuria, and nocturia. 
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Patients may also present without any of the above symptoms but have urinary 
retention [20]. Complications such as persistent hematuria, high residual urine vol-
ume, and bladder stones may also be present [23].

18.3.5  Evaluation

Like ureteral obstruction, evaluation should begin with a thorough history that 
reviews lower urinary symptoms, prior history of pelvic cancer, pelvic radiation, 
and prior treatment for urinary symptoms [17]. Dmochowski suggests that evalua-
tion is gender specific, as etiologies can differ based on anatomy [20].

18.3.5.1  Female Anatomy
In patients with female anatomy, a physical exam may reveal pelvic organ prolapse 
and urethral hypermobility [20]. Typically, a combination of urodynamic and non- 
urodynamic testing can aid in making a diagnosis. Non-urodynamic testing includes 
a post-void residual (PVR), cystoscopy, voiding cystourethrogram (VCUG), and, 
occasionally, MRI of the bladder outlet and urethra [20].

PVR can be done via urethral catheterization or portable ultrasound, which is 
becoming increasingly popular due to accessibility and ease of use. Urethral cathe-
terization is the standard, with a reported 100% specificity and sensitivity for esti-
mating PVR [24]. However, it can cause patient discomfort and trauma to the 
urethra; additionally, catheters can increase the risk of urinary tract infections 
(UTIs). A recent study comparing the use of portable bladder scanner with catheters 
for measuring PVR in women with pelvic organ prolapse showed no significant dif-
ference between the two but found that stage III/IV prolapse was associated with 
increased error in the bladder scanner (p = 0.03) [25]. However, another study done 
in men with LUTS showed that PVR obtained by catheter was significantly higher 
than ultrasound measurement (p < 0.05) [24].

Cystoscopy can provide a visual assessment of the urethra and bladder, as well 
as identify urethral abnormalities and foreign bodies within the urinary. VCUG, a 
fluoroscopic procedure in which the bladder is filled with a contrast agent and 
X-rays are taken as the patient voids, can be helpful in identifying specific areas of 
obstruction [20].

MRI of the urethra is the gold standard for assessment of extrinsic and intrinsic 
urethral pathology, including extrinsic lesions that may be causing BOO in patients 
with female anatomy [20].

18.3.5.2  Male Anatomy
Diagnosis of BOO in patients with male anatomy can include lab studies, PVR, 
urine flow rate measurement, validated questionnaires, cystoscopy, other imaging, 
and urodynamic studies.

Lab studies include urinalysis, urine culture, PSA to rule out persistent or recur-
rent cancer, and renal function tests if clinically indicated [18].
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The utility of urodynamic studies (UDSs) in the diagnosis of BOO is a debated 
topic. While considered the gold standard by some, there have been recent studies 
that argue that it should be used only in certain situations. UDSs reproduce patient 
symptoms and make precise measurements, and the results have been proven to be 
reproducible [26]. However, the European Association of Urology guidelines only 
advise UDS for patients who have failed invasive treatment, patients between the 
ages of 50 and 80, and patients with low voided volumes or high PVR measure-
ments [27]. The UPSTREAM trial concluded that UDS did not reduce the number 
of surgeries for BOO compared to routine care (urine flow rate measurement, blad-
der diaries, and validated questionnaires) and thus did not support the routine use of 
UDS in the evaluation of men considering prostate surgery for LUTS [28].

Urine flow rate measurements are standardized, with a flow of less than 10 mm/s 
being consistent with obstruction. However, diminished flow rate can also be a 
result of poor detrusor contractility. Additionally, a normal flow rate does not rule 
out obstruction [17]. Thus, urine flow rate measurements should not be used alone 
to diagnose BOO and should be used in combination with other tests.

Validated questionnaires include the International Prostate System Score (IPSS) 
and the AUA Urinary Symptom Index (AUA-7).

Cystoscopy can evaluate the degree of stricture present within the urethra and 
assess other urethral pathologies [17, 18].

Further imaging is performed if previous tests cannot accurately identify the 
degree and location of the stenosis. Retrograde urethrography and VCUG imaging 
can be used if cystourethroscopy cannot be performed. Prostate imaging can show 
abscesses, calcifications, and cancer recurrence. CT or MRI may be performed if 
the disease is thought to be more extensive [18].

18.3.6  Management

Management of BOO can differ based on individual presentation and other patient 
factors, as well as the etiology of the obstruction. This section will describe man-
agement of BOO as a result of prostate cancer therapy using the Société Internationale 
d’Urologie/International Consultation on Urologic Disease guidelines on PUS after 
prostate cancer treatment.

18.3.6.1  Management After Radiation Therapy
External beam radiation therapy (EBRT) commonly involves the membranous or 
bulbar urethra. Treatment options include endoscopic dilation and endoscopic inter-
nal urethrotomy, in which an incision is made to relieve the stricture; however, 
recurrence rates are high with these procedures. Forty-nine percent required second- 
line endoscopic therapy within 16 months and 9% needed additional intermittent 
self-catheterization or urethroplasty as third-line therapy [29]. Success rates for ure-
throplasty after failure of endoscopic approaches are between 73 and 90% [18]. 
Excision and primary anastomosis have also been proven to be successful.
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18.3.6.2  Management of Post-radical Prostatectomy Vesicourethral 
Anastomotic Strictures

Definitive management is endourologic or open surgical management. Initial man-
agement for early postoperative stenoses is urethral dilation, but for stenoses that 
fail dilation or occur later, a stepwise approach is suggested. Low-energy incision is 
attempted first, followed by transurethral electrosurgical incision [18]. For severe 
cases of stenoses, open surgical reconstruction may be necessary, which may require 
temporary suprapubic cystostomy or long-term suprapubic drainage [18].

For patients with metastatic prostate cancer and resulting BOO who have failed 
medications or do not want long-term catheter use, palliative transurethral resection 
of the prostate (TURP) can be performed. It is controversial whether palliative 
TURP may accelerate tumor progression [23].
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19Peritoneal Carcinomatosis

De Stefano Francesca, Paola Fugazzola, 
Cobianchi Lorenzo, Dominioni Tommaso, 
Tomasoni Matteo, Viganò Jacopo, and Ansaloni Luca

19.1  Peritoneal Carcinomatosis: Overview

Several gastrointestinal, gynecological, and peritoneal tumors have the potential to 
disseminate in the peritoneal cavity. In peritoneal carcinomatosis (PC), multiple 
tumor deposits of variable dimensions adhere on visceral and parietal peritoneal 
surfaces [1]. PC is the most common site of metastasis in gastric cancer and the 
second most common site of colorectal cancer (CRC) metastases. About 30% of 
patients with gastric cancer, 10% of colon cancers, and 3% of rectal cancers present 
with peritoneal dissemination at diagnosis. Up to 50% of patients with gastric can-
cer and 30–40% of patients with CRC will develop PC after a potentially curative 
surgical treatment [2, 3]. Finally, about 60% of diagnosed epithelial ovarian cancers 
are at stage FIGO III, which implies peritoneal involvement [4].

PC decreases overall survival in oncologic patients and poorly responds to sys-
temic chemotherapy. In the last years, many international guidelines have recom-
mended a multimodal treatment, including systemic chemotherapy, cytoreductive 
surgery (CRS), and hyperthermic intraperitoneal chemotherapy (HIPEC), as the 
first-line treatment in selected cases of gastrointestinal, gynecological, and perito-
neal tumors with PC. At the base of this novel approach, there is the reinterpretation 
of peritoneal carcinomatosis as a disease localized to the peritoneal cavity, an inno-
vative concept developed in the late 1990s [5]. The two parameters affecting the 
prognosis of patients potentially benefiting from CRS and HIPEC are the volume of 
peritoneal dissemination and the possibility to reach a complete cytoreduction. The 
former can be estimated by calculating the peritoneal carcinomatosis index (PCI); 
the latter is identified by the completeness cytoreduction score (CCS) [6].
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19.2  The Role of the Acute Care Surgeon (ACS) in Patients 
with Peritoneal Carcinomatosis

PC can lead to surgical emergencies, e.g., bowel occlusion or perforation, and it 
often puts the surgeon in front of intraoperative pictures of complex management, 
especially in an emergency setting. The 10–28% of patients with recurrent CRC and 
the 20–50% of patients with recurrent ovarian cancer will present with bowel 
obstruction alone. These patients have a very poor prognosis, with a mean survival 
ranging from 3 to 8 months, and currently no established, evidence-based guideline 
exists for their surgical management [7]. Surgeons and radiologists often fail to 
diagnose PC during preoperative imaging, due to its unspecific signs, and then, it is 
often an intraoperative finding. Furthermore, patients with peritoneal metastases are 
often frail due to malnutrition, immunosuppression, and chemotherapy toxicity. 
Therefore, in the emergency setting, the surgeon should be aware of the best surgi-
cal approaches in case of preoperative or intraoperative detection of PC.

PC can lead to actual time-dependent surgical emergencies, e.g., gastrointestinal 
perforations, volvulus, or strangulation, or less urgent, but perhaps more difficult- 
to- manage, pictures that often require surgery, e.g., malignant bowel obstruc-
tion (MBO).

Surgical palliation should be considered in situations where the patients are not 
actively dying, and reversal of enteral failure could make therapeutic options viable. 
Treatment goals should be centered on relief of peritonitis, infection, vomiting, and 
pain; enabling oral intake; and allowing the patient to return to the care setting of 
their choice, if feasible, offering an improvement in survival. In the past, PC was 
seen as a terminal incurable condition, while nowadays a multimodal approach 
including systemic chemotherapy and CRS and HIPEC can offer these patients a 
significant prolongation of survival (Fig. 19.1).

In 2014, van Oudheusden et al. retrospectively analyzed all patients referring to 
their center with synchronous PC of CRC within 8 years of activity. The aim of this 
study was to investigate the feasibility of CRS + HIPEC in CRC patients who previ-
ously underwent emergency surgery with the presence of PC. According to their 
data, CRS + HIPEC should be offered also to patients in whom PC was diagnosed 
during emergency surgery. Postoperative morbidities, operative outcomes, and post-
operative survival in these patients are similar compared with patients with PC diag-
nosed in elective setting [8].

Managing these patients, the ACS should consider these new therapeutical 
approaches and not think at them as a priori terminally ill. For these reasons, after 
the resolution of the acute pathology, the ACS should address the patient to a spe-
cialized center for PC treatment.

When PC is detected intraoperatively, it is paramount that the initial surgery is as 
sparing as possible, trying not to excessively damage peritoneal surfaces and to 
avoid intraperitoneal release of growth factors, especially in case of perforated 
bowel. This is because once a tumor is perforated, tumor cells are released in the 
peritoneal cavity increasing the tumor burden on the peritoneal surfaces. 
Furthermore, these patients are likely to undergo subsequent oncological surgery 
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Fig. 19.1 HIPEC setting in operating room; on the right side of the patient, the HIPEC machine

and bowel resection, and then the ACS during emergency surgery should minimize 
the bowel resections and save as much bowel as possible, to avoid an immediate or 
future short bowel syndrome.

After resolution of the acute pathology (occlusion or perforation), accurate 
exploration and PCI calculation, with biopsies of peritoneal tumor deposits, should 
be performed. The aim of the surgical approach should always be to solve the acute 
problem reducing at most the possible postoperative complications due to extensive 
surgical resection. Once the patient has recovered from the postoperative period, 
CRS + HIPEC could be considered in an elective setting, when feasible, in order to 
increase overall survival of these patients.

In these patients, the ACS should always consider the nutritional aspect. They are 
often undernourished, for the effect of advanced cancer and of chemotherapies. A 
parenteral or, if possible, enteral nutritional support in the perioperative period is 
paramount, and a specialist nutritional assessment should be done. Nutritional sup-
plement and immunonutrition could be considered too.
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19.3  Diagnosis

Due to its 24-h availability and speed of execution, computer tomography (CT) scan 
is the gold standard for surgical emergencies related to PC. With multidetector CT, 
a spatial resolution of 1 mm can be achieved and CT can reach a sensitivity of 83% 
and specificity of 86% for peritoneal metastases. However, CT scan has many limits 
in the diagnosis of PC. The sensitivity of CT dramatically decreases with smaller 
peritoneal tumors. Many authors reported a CT sensitivity of only 11–28% for 
lesions <0.5 cm. When lesions are placed in areas where the contrast between the 
tumor and surrounding tissues is subtle or when they are large but thin plaque-like 
lesions, even larger implants may be missed on a CT scan [9]. Chua et  al. [10] 
reported a 21–25% sensitivity of the CT scan for PC in the small intestinal regions.

Four key goals of a CT scan in this situation are the following [11]:

 – Diagnose PC.
 – Confirm the mechanical obstruction.
 – Recognize a surgical emergency, such as a strangulation, perforation, or volvu-

lus, that requires surgery even in palliative care.
 – Look for a noncancerous reason of the obstruction. CT scans can be used to 

identify the three primary causes of noncancerous obstructions, which are adhe-
sions, hernias, and eventration from prior surgery. Noncancerous obstructions 
affect 15% of patients with a known PC.

19.4  Malignant Bowel Obstruction (MBO) 
Due to Peritoneal Carcinomatosis

MBO is a common condition in patients with advanced abdominal cancer with 
PC. Patients present significant discomfort related to the progression of the disease 
and symptoms related to bowel obstruction due to PC and ascites. Nausea, vomit-
ing, and diffuse abdominal pain are the most common acute symptoms that lead the 
patient to refer to the emergency department. Conservative treatment is preferred at 
first, with supportive care, antiemetics, analgesic drugs, and nasogastric decompres-
sion. Nevertheless, this noninvasive approach can be unsuccessful in terms of symp-
tom relief. There is no consensus on the best treatment in case of MBO not amenable 
to medical therapy. In the acute setting, saving the patient’s life remains the main 
goal for the surgeon, but the only possible tool to increase long-term survival of 
these patients is to enable them to continue their oncological path as soon as possi-
ble. While bowel obstruction occurring due to dominant disease in the large intes-
tine presents with a single site of obstruction, bowel obstruction from PC usually 
presents with multiple sites of disease, making stent-based strategies futile and the 
surgical approach more complex (Fig. 19.2).

Surgical palliation can significantly improve the quality of life of these patients, 
but it is associated with a high morbidity rate, due to inanition and cachexia. Factors 
affecting the decision-making can be divided into two groups (Fig.  19.3): 
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Fig. 19.2 Malignant 
bowel occlusion due to 
advanced peritoneal 
carcinomatosis

PS assessment

Patient suitable
for emergency

surgery

≤ 3 sites of
obstruction

Surgical
resection

≥ 4 site of
obstruction

Surgical bypass,
ostomy or G-

tube

Patient actively
dying or with

poor PS

Stenting or
gastrostomy

TPN or NG tube,
antiemetics,
octreotide

Fig. 19.3 Algorithm for management of malignant bowel obstruction. PS performance status; 
TPN total parenteral nutrition; NG nasogastric. (Modified from Shariat-Madar et al. [12])

patient-related factors and technical factors. Tumor origin, performance status, 
nutritional status, comorbidities, previous chemotherapy and radiotherapy, potential 
future therapeutic options, psychological status, and social support are the patient- 
related aspects. Technical considerations include the location and quantity of sites 
of obstruction, the extent of the malignancy, and the length of the preservable 
bowel [12].
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19.4.1  Surgical Palliation

Surgical palliation should be taken into consideration in patients who have low peri-
toneal disease burden, low-grade histology, and satisfactory performance status. 
The best surgical choices are typically resection, bypass, and colostomy because 
cytoreduction techniques are infrequently practical [7]. Resection, however, gives 
the best results in terms of obstructive symptom alleviation and survival, particu-
larly if there are three or fewer intestinal obstruction sites, according to certain 
research [7, 12]. Furthermore, because an anastomosis must be made in both cir-
cumstances with the potential for an anastomotic leakage, the technical difficulties 
of bypass and resection are identical. The most terrifying side effect of palliative 
surgery is the recurrence of malignant obstruction, and resection has been shown to 
have a lower re-obstruction rate than bypass. Several studies have shown that 
ostomy (both colostomy and ileostomy) can remove obstruction and increase sur-
vival [12]. In the choice between ileostomy and colostomy, colostomy leads to 
lower output of liquids and stools are less irritating for skin. Some reviews [7, 12] 
support the use of colostomy rather than bypass because it is associated with longer 
survival.

It is paramount to inform candidates of surgery about the probability of success-
ful palliation, as well as the possibility of postoperative complications and death. 
Patients should be aware that they could spend the most part of their remaining life 
at hospital. Indeed, the median hospital stay after surgery is longer than in patients 
receiving conservative treatments; considering the short life expectancy, this risk 
must be explained.

19.4.2  Nonsurgical Palliation

Poor surgical candidates may benefit from venting gastrostomy tube or stenting 
(Fig. 19.4).

When a single obstruction is found in the gastroduodenal tract or in the large 
bowel in patients with a poor performance status, stenting should be used. More 
than 80% of patients reported technical success in stent positioning, and in more 
than 75% of cases, clinical improvement with symptom relief was seen. Perforation, 
stent migration, or reocclusion are the three main complications. When compared to 
surgical methods, stenting is connected with a shorter hospital stay and fewer pain. 
Several sites of obstruction or presence of obstruction in the distal jejunum are the 
main factors limiting the effectiveness of bowel stenting. Hence, a surgical proce-
dure or a drainage gastrostomy could be considered in these situations. In order to 
restore oral intake, gastrostomies may be particularly helpful for upper GI obstruc-
tions that cause vomiting and nausea [7, 12].

Medical care using complete parenteral nourishment or nasogastric tubes is able 
to effectively manage symptoms in patients who have low performance status or 
who are actively dying. While anticholinergics can help with the treatment of col-
icky pain, opioids and antiemetics can both effectively reduce pain and vomiting. 
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Fig. 19.4 Self-expandable 
metal stent placed to solve 
occlusion

Somatostatin analogues are also useful for treating vomiting, nausea, and pain [7, 
12]. Yet, choosing not to operate and to halt treatment, particularly in an emergency 
situation, is a difficult choice. Although different authors in the literature addressed 
this issue comparing a conservative approach or endoscopic stenting with palliative 
surgery, it is difficult to obtain a consensus on the topic, due to its technical and ethi-
cal implications. Even if some authors recommend surgical palliation, when possi-
ble, to prolong survival, other authors argue that the survival benefit from palliative 
surgery is minimal, while postoperative complications, hospital readmission due to 
recurrence of symptoms, and long hospital stay are significant and often force 
patients to spend most of their remaining life in the hospital setting. Furthermore, 
most of them die in the hospital or in a hospice directly following discharge [13]. 
Therefore, it is paramount to inform the patient and the relatives about the possible 
implications of a surgical intervention in terms of adverse events and long-term 
survival.

19.5  Other Surgical Emergencies in Patients with PC

Other surgical emergencies in patients with PC are perforation, volvulus, and stran-
gulation. These conditions are time dependent and need an emergency surgical 
intervention, even in the context of palliative care. When these situations occur, the 
initial surgery should be directed to the treatment of perforation and peritonitis or of 
the ischemic bowel tract, even, if necessary, with a damage control surgery. If the 
PC is an intraoperative finding and if appropriate, a biopsy sampling and a PCI 
evaluation should be obtained. Direct anastomosis or use of stomas should be ana-
lyzed case by case, according to the patient’s general condition. However, the nutri-
tional and general consequences of a high ileostomy should always be considered in 
these patients, whose general conditions at the end of the acute phase will be deci-
sive for the subsequent oncological path and the therapeutic possibilities. In the 
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postoperative setting, detailed staging can be completed, histological confirmation 
can be obtained, and the patient should be addressed to the most appropriate treat-
ment plan according to tumor stage and general conditions. In case of confirmed 
PC, the patient should be sent to a referral center in order to evaluate a possible 
cytoreductive surgery.

19.6  Conclusions

It is not uncommon to encounter patients affected by PC in the emergency setting. 
This represents a challenge for the ACS, because the treatment of choice is not stan-
dardized and multiple aspects should be taken into consideration. Not only the sur-
vival of the patient in the acute setting, but also the oncological long-term outcome 
has to be addressed as the goal of the chosen treatment. In the past, peritoneal car-
cinomatosis was seen as a terminal incurable condition, while nowadays, multi-
modal approaches including systemic chemotherapy and CRS and HIPEC can offer 
these patients a significant prolongation of survival. Therefore, the ACS should con-
sider these new therapeutical approaches and not think at these patients as a priori 
terminally ill. The aim of the surgical approach should be to solve the acute pathol-
ogy, minimizing the possible postoperative acute and long-term complications due 
to extensive surgical resection and, after the resolution of the acute phase, address 
the patient to a specialized center for PC treatment.

In patients that have poor performance status or are actively dying, a palliative 
medical therapy should be offered to relieve symptoms.

Moreover, a case-by-case discussion is paramount in a multidisciplinary team, 
not only for curative purposes, but also in case of end-of-life treatments. Adequate 
information to the patient on his state of health and on the risks associated with pos-
sible surgery and the involvement of the patient and relatives in the therapeutic 
choices are essential.

In conclusion, the ACS has the responsibility to not only offer each patient the 
best damage control treatment available, but also include the patient in the most 
appropriate long-term oncological path, in case of either a new diagnosis or a known 
terminal condition.
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20Miscellaneous Rare Malignancies: 
Intra- abdominal Lymphomas
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20.1  Introduction

Malignant lymphomas are a group of neoplasms derived from the basic cells of the 
lymphoid tissue in any of their developmental stages. When they primarily affect 
the lymphoid tissue of the lymph nodes, lymphomas are called “nodal.” When they 
primarily affect the non-lymph node lymphoid tissue, they are called “extranodal.” 
A further classification of lymphomas is based on their clinical course: aggressive 
forms are distinguished from subclinical ones. The aggressive forms have a rapid 
course (such as most lymphomas involving T-lymphocytes). Indolent lymphomas, 
on the other hand, occur slowly and progressively (e.g., B-lymphocyte neoplasms). 
Historically, the World Health Organization (WHO) classified lymphomas into two 
main categories: Hodgkin’s lymphomas and non-Hodgkin’s lymphomas. Hodgkin’s 
lymphoma (HL) is a lymphoproliferative disease characterized by the presence of 
Reed-Sternberg cells. Reed-Sternberg cells represent 1% of the HL cell population. 
The other key feature of LH is the presence of an abundant inflammatory infiltrate 
surrounding the neoplastic cells [1]. Non-Hodgkin’s lymphomas (NHLs) are a het-
erogenous group of lymphoproliferative malignancies that are much less predict-
able than Hodgkin’s lymphomas and have a far greater predilection to disseminate 
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to extranodal locations. Nearly 25% of NHLs arise in extranodal sites, and in many 
of these cases, there is both extranodal and nodal involvement [2].

The latest revision of the WHO lymphoma classification is from 2017 and 
includes more than 80 different entities. These differ from each other in morphol-
ogy, immunophenotype, molecular profile, genetic mutations, clinical characteris-
tics, and type of cellular derivation [3].

Non-Hodgkin’s lymphomas are divided into B-cell neoplasm and T- and NK-cell 
neoplasm. Hodgkin’s lymphomas are divided into two main subgroups: nodular 
lymphocyte predominance Hodgkin’s lymphoma and classical Hodgkin’s lym-
phoma. These main groups are further divided into various categories [4]. 
Classification of lymphomas is beyond the scope of this chapter; therefore, we sug-
gest the reader to refer to more specialized publications [4].

The gastrointestinal tract (GI) is the extranodal site most frequently affected by 
lymphoma (5–20% of all cases [5]). However, primary gastrointestinal lymphomas 
(PGILs) are rare tumors. In fact, they represent only 1–4% of all gastrointestinal 
neoplasms [6]. The exact incidence is hard to determine, but it has been estimated 
to affect 1 in 100,000 individuals per year [7], although time-trend analyses have 
demonstrated an increase of 2.7% per annum of incidence for gastric (6.3%) and 
small bowel diseases (5.9%) [8]. Gastrointestinal lymphomas are usually secondary 
to diffuse lymph nodal forms, representing 5–20% of NHLs [5, 6, 9]. The clinical 
criteria distinguishing these two groups of neoplasms (primary and secondary 
forms) were first proposed by Dawson in 1961 [10]. These criteria are (I) absence of 
peripheral lymphadenopathy at the time of presentation, (II) lack of enlarged medi-
astinal lymph nodes, (III) normal total and differential white blood cell count, (IV) 
predominance of bowel lesion at the time of laparotomy with only lymph nodes 
obviously affected in the immediate vicinity, and (V) no lymphomatous involve-
ment of liver and spleen. The most frequent site for gastrointestinal lymphomas 
(GILs) is the stomach (60–75% of all cases), followed by the small intestine, ileum, 
cecum, colon, and rectum [11].

Histopathologically, almost 90% of gastrointestinal lymphomas are non- 
Hodgkin’s lymphomas, whose majority affect the B line, while T-cell lymphomas 
and Hodgkin’s lymphomas are rare [12]. Two of the most prevalent diagnoses are 
diffuse large B-cell lymphoma (DLBCL) and mucosa associated lymphoid tissue 
lymphoma (MALT lymphoma) [11–13].

Immunoproliferative small intestinal disease (IPSID) is a variant of MALT lym-
phoma that arises in the small bowel. Peripheral T-cell lymphomas are less common 
and typically associated with poor prognosis. Other histological subtypes are less com-
monly observed, among them being follicular lymphoma (FL), mantle cell lymphoma 
(MCL), Burkitt’s lymphoma (BL), and enteropathy-associated T-cell lymphoma 
(EATL). Finally, the GI tract is frequently the site of post-transplant lymphoprolifera-
tive diseases (PTLDs) [12]. Moreover, it has been noted that some histological sub-
types arise in specific segments of the gastrointestinal tract, such as mucosa- associated 
lymphoid tissue (MALT) in the stomach; mantle cell lymphoma (MCL) in terminal 
ileum, jejunum, and colon; enteropathy-associated T-cell lymphoma (EATL) in 
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jejunum; and follicular lymphoma (FL) in duodenum [6]. However, multifocality is 
more common in MALT lymphoma and follicular lymphoma [14].

20.2  Pathogenesis

Complex pathogenetic mechanisms are involved in lymphomagenesis, and their 
understanding impacts the disease classification and has significant implications for 
diagnosis and management. Thanks to the integration of immunologic advances and 
monoclonal antibody technology, it has been possible to mesh molecular diagnos-
tics in hemopathology, leading to the identification of chromosomal translocations 
underlying the pathogenesis of lymphomas. In fact, most of the large subclasses of 
B- and T-cell lymphomas have been characterized at the genomic level [15].

Known risk factors for lymphoma include hereditary traits, chronic infection, 
and immunosuppression. Chronic infection might lead to lymphomagenesis through 
direct viral effects, or due to the chronic stimulation of the immune system.

A strong association between chronic H. pylori infection and gastric MALT lym-
phoma has been demonstrated in 80–90% of cases [16–18]. Chronic H. pylori infec-
tion provides the antigenic stimulus, resulting in clonal expansion of lymphoid cells 
leading to the evolution of MALT lymphoma. Immunoproliferative small intestinal 
disease (IPSID) is a variant form of MALT lymphoma that occurs in the small intes-
tine. As for the H. pylori in MALT lymphoma, Lecuit et al. demonstrated C. jejuni 
as a possible stimulus for this proliferation [19]. Epstein-Barr virus (EBV) infection 
has been cited as a pathogenetic factor in various forms of gastrointestinal lym-
phoma. For example, in Burkitt’s lymphoma, three clinical variants are distin-
guished: the endemic forms which are generally related to infection, the sporadic 
forms which are related to infection in only 30% of cases, and the forms associated 
with immunodeficiency. However, in addition to Burkitt’s lymphoma, other gastro-
intestinal lymphomas are also associated with EBV infection: the Epstein-Barr 
virus-positive diffuse large B-cell lymphoma (EBV-positive DLBCL) of the elderly; 
the lymphomatoid granulomatosis (LG); and the extranodal NK/T-cell lymphomas, 
nasal type (ENKTL). Furthermore, human immunodeficiency virus (HIV) infection 
is often associated with plasmablastic lymphoma (PBL); human T-lymphotropic 
virus type 1 (HTLV-1) is related to adult T-cell leukemia/lymphoma; human herpes-
virus 8 (HHV8) is associated with primary effusion lymphoma; and hepatitis C 
virus (HCV) is related to splenic and extranodal marginal zone lymphoma.

The chronic stimulation of the immune system in autoimmune diseases may 
increase the risk of lymphoma, giving rise to dysregulated clone of B cells. 
Specifically, diffuse large B-cell lymphomas (DLBCLs) and marginal zone lympho-
mas are both associated with rheumatoid arthritis and Sjogren syndrome, while 
enteropathy-associated T-cell lymphoma (EATL) is linked to celiac sprue.

Furthermore, immunosuppression plays a critical role as well, representing a 
clear risk for the development of Hodgkin’s and non-Hodgkin’s lymphomas, as can 
be seen in the increased incidence of these diseases in patients infected by human 
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immunodeficiency virus (HIV) as well as patients on immunosuppressive treatment 
following solid-organ transplantation.

Therefore, it seems clear that stress factors, be they inflammatory, infectious, or 
toxic, interact with the host genetic makeup in a complex way leading to lympho-
magenesis. There is a hereditary risk too, given the fact that odds of developing 
Hodgkin’s lymphoma are increased for first-degree relatives of probands, and fur-
ther increased for siblings of probands. This is also true for non-Hodgkin’s lym-
phoma, although patterns of heritability vary by subtype. Nowadays, however, no 
specific genetic testing is available, and screening for family members is not rou-
tine [20].

20.3  Staging

The stage and histologic grade of the disease are the most clinically important inde-
pendent prognostic factors [21]. There are various different staging systems for the 
classification of gastrointestinal lymphoma. One of the most widely used is the 
nonspecific Ann Arbor classification modified by Musshoff et al. [6], which consid-
ers four stages; stage I is for cases with a single lymphatic organ or extranodal 
localization; stage II is for cases with multiple sites on the same side of the dia-
phragm; stage III entails cases with nodal involvement on both sides of the dia-
phragm; and stage IV is for disseminated disease. Rohatiner and colleagues in 1994 
proposed the Lugano system [22], which deals only with gastrointestinal lympho-
mas. It classifies gastrointestinal lymphomas into four stages. Stage I is for lympho-
mas confined to the gastrointestinal tract, with Ia for mucosal-submucosal-only 
involvement and Ib for tumors infiltrating beyond the submucosa. Stage II is for 
cases of local (IIa) or distant (IIb) nodal involvement beyond the primary gastroin-
testinal site and cases with infiltration of adjacent organs (IIE). Stage III covers 
disseminated disease and cases with involvement on both sides of the diaphragm. 
The modified Ann Arbor classification is very useful for prognosis but has been 
accompanied by the Paris staging system, which can differentiate the manifestations 
of distant lymphoma according to the organ involved and further subdivides the 
involvement of the lymph nodes. This is of great use for gastrointestinal lymphomas 
[10]. The International Prognostic Index (IPI) was initially formulated to assess the 
clinical risk in patients with diffuse large-cell lymphoma (DLCL). To date, it is one 
of the most widely used systems for risk stratification of nearly all NHL sub-
types [10].

20.4  Diagnosis

Gastrointestinal lymphoma is a disease encountered by the surgeon in both the elec-
tive and emergency setting. The diagnosis therefore depends on the clinical condi-
tions of the patient. The necessary investigations are determined on the basis of the 
patient’s presenting symptoms and may include blood tests, endoscopic 
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examinations, CT-scan, and PET-scan. Accurate diagnosis and staging of gastroin-
testinal lymphomas are essential for establishing the appropriate treatment in this 
diverse group of malignancies. Obviously, blood tests are part of the diagnostic and 
the staging process in patients with suspected gastrointestinal lymphoma. These 
must be taken both in the elective and in the emergency setting and should include 
blood cells count with leukocyte formula and biochemical test including LDH, 
β2-microglobulin, and serum protein electrophoresis. Other serological examina-
tions should be performed when indicated on the basis of the type of lymphoma 
identified, to document specific infections or autoimmune diseases. When feasible, 
endoscopy can be a valuable diagnostic technique in gastrointestinal lymphomas 
and can show a wide variety of presentations: from enlarged lymph nodes and lym-
phoid follicles, which can sometimes appear reactive, through polyps, to infiltrative 
and necrotic lesions [11]. In the esophagus, stomach, duodenum, and colon, the 
diagnosis of gastrointestinal lymphoma can be made on endoscopic biopsies and 
definitive subtyping of the lymphoma is possible with the use of additional immu-
nological markers. Endoscopic biopsy diagnosis allows disease staging and inter-
vention planning. The small intestine can be explored endoscopically using 
double- and even single-balloon enteroscopy [23, 24]. Another option for the study 
of the small intestine is capsule endoscopy, which can highlight the presence of 
abnormal mucosal patterns [25]. The diagnosis of gastric lymphoma can be estab-
lished on biopsies in over 95% of cases [26, 27], but it is important that an adequate 
number of biopsy samples are performed both on abnormal mucosa and on macro-
scopically normal mucosa. In fact, it should be remembered that surgery, especially 
in gastric lymphoma, always plays a second-choice role, and therefore the histologi-
cal diagnosis depends above all on endoscopic biopsies. Symptoms and signs of 
gastrointestinal lymphomas are often nonspecific, such as dyspepsia, weight loss, 
abdominal pain, change in bowel habits, and/or bleeding. In the stomach, endo-
scopic features can simulate benign disease. The diagnosis of gastric lymphoma is 
therefore often not clinically suspected. A second endoscopic examination is rec-
ommended using a mapping protocol with 8–12 biopsies from involved sites and 
additional biopsies from the antrum, body, and fundus not involved. Biopsies should 
also be performed to detect the presence of H. pylori [28, 29]. From the histological 
examination of the biopsy, numerous information can be obtained, such as on the 
immunophenotype, including the presence of t(11; 18), which in MALT gastric 
lymphoma is associated with forms that are not responsive to the eradication of 
H. pylori and in more advanced stages of the disease [30]. As highlighted, since 
most gastric MALT lymphomas are associated with chronic infection with H. pylori 
and in a minority with Helicobacter heilmannii, the presence of these pathogens 
must be carefully investigated by endoscopically examining the gastric mucosa not 
involved in the lymphoma. The recommendation is to use histology (modified HE 
and Giemsa staining) and invasive culture or molecular tests [31]. Bone marrow 
aspirate with biopsy is part of the staging of lymphoma as is the peripheral blood 
test for monoclonal cells. However, bone marrow involvement is rare in gastric and 
in MALT lymphoma, while it is more common in nodal lymphomas and splenic 
marginal zone B-cell lymphoma [31–33]. A contrast-enhanced CT scan is the 
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fundamental investigation in patients who are hospitalized as urgently for acute 
abdomen. In urgency, in addition to suspecting lymphoma, it allows to diagnose the 
presence of an intestinal perforation or obstruction. In election, it is a necessary 
exam for staging the patient; the neck, the chest, and the abdomen including the 
pelvis should be examined. Staging in many lymphomas also includes 
18F-fluorodeoxyglucose positron-emission tomography (FDG PET), especially in 
DLBCL, follicular lymphoma, and mantle cell lymphoma [34, 35]. Further staging 
tests depend on the type of gastrointestinal lymphoma and its location. In gastric 
MALT lymphoma, as already mentioned, once the diagnosis or suspicion of this 
pathology has been made, a second esophagogastroduodenoscopy with numerous 
biopsies (generally 20–30) must be performed according to an adequate protocol. 
This is because gastric MALT lymphoma is often multifocal and can also transform 
into DLBCL [31]. In addition, 25% of gastric MALT lymphomas present with 
multi-organ involvement. They need an extensive staging including colonoscopy 
with biopsies and magnetic resonance imaging (MRI) of the salivary and lacrimal 
glands [36]. In stomach tumors, locoregional staging is also performed with ultra-
sound endoscopy.

20.5  Gastric Lymphomas

The most commonly involved site of the gastrointestinal tract is the stomach 
(60–75% of cases) followed by small bowel, ileocecal region, and rectum. Gastric 
lymphoma alone accounts for 3–5% of all malignant tumors of the stomach. Gastric 
lymphomas can be classified histologically as marginal zone B-cell lymphomas of 
the mucosa-associated lymphoid tissue (MALT) type, diffuse large B-cell lympho-
mas (DLBCL), follicular lymphomas, mantle cell lymphomas, Burkitt’s lympho-
mas, T-cell lymphomas, and plasmacytomas. MALT lymphoma and DLBCL make 
up nearly 90% of all gastric lymphomas. The marginal zone B-cell lymphoma of 
MALT type occurs in 38% of the cases, while diffuse large B-cell lymphoma 
(DLBCL) occurs in 59%. Other types such as mantel cell lymphoma, follicular 
lymphoma, and peripheral T-cell lymphoma occur rarely. Males are two to three 
times more likely to develop gastric lymphoma than females [37].

H. pylori plays a role in the development of most MALT lymphomas by inducing 
a state of chronic inflammation, which leads to an increased risk of malignant trans-
formation through B-cell proliferation, mediated by tumor-infiltrating T cells [38]. 
H. pylori may play a similar role in the development of DLBCL, and few studies 
have shown complete remission after eradication therapy alone [6, 38].

In MALT gastric lymphomas, the most significant histological finding is the 
presence of lymphoepithelial lesions characterized by invasion and partial destruc-
tion of the mucous glands by tumor cells.
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20.5.1  Clinical Presentation

The age of most gastric lymphoma patients is over 50 with a relative predilection in 
males. Clinical symptoms of gastric lymphoma are nonspecific and indistinguish-
able from other benign and malignant conditions. Consequently, the diagnosis can 
often be delayed. The most common complaints of patients with gastric lymphoma 
are epigastric pain, weight loss, nausea, and vomiting. Constitutional symptoms 
(fever, night sweat, and weight loss) are not common. Occasionally, an abdominal 
mass is palpable. Lymphadenopathy is rare, and patients often have no physical 
signs. Perforation, bleeding, or obstruction are uncommon, but when present, surgi-
cal intervention may be necessary.

It is widely known that perforation occasionally occurs in patients receiving che-
motherapy. Some Eastern studies reported that perforation of gastric lymphoma in 
patients receiving chemotherapy occurs in about 0.9–1.1% of cases. On the other 
hand, spontaneous perforation of malignant gastric lymphoma is rare compared 
with perforation of gastric lymphoma in patients receiving chemotherapy, and its 
risk seems to be related with the size of the tumor [39].

The causes of perforation of gastric lymphoma under chemotherapy are different 
from those in patients who are not under chemotherapy. Ono et al. reported that in 
the former, weakening of the gastric tissue associated with rapid tumor necrosis, 
tumor lysis, and exuberant granulation due to chemotherapy play a role [40]. Shiomi 
et al. described two different patterns of spontaneous perforation. First, the sponta-
neous perforation resulting from an ulcer and tumor necrosis that has reached the 
subserosa; second, the perforation resulting from an ulcer in the absence of 
tumor [41].

Patients can have gastrointestinal bleeding ranging from occult bleeding leading 
to iron deficiency anemia to acute blood loss presenting as hematemesis, hemato-
chezia, or melena (about 20–30% of patients with gastric DLBCL report gastroin-
testinal bleeding) [37]. Although ulcers are the most common cause of upper 
gastrointestinal bleeding (59%), compared to malignant tumors (2–4%), gastric 
MALT lymphoma has been reported to present as upper gastrointestinal bleeding at 
the time of diagnosis only in the 15.6% of cases [42].

20.5.2  Investigations

Endoscopy without biopsies cannot distinguish gastric lymphoma from gastric can-
cer. In gastric lymphomas, endoscopy identifies three main nonspecific patterns: 
ulceration, diffuse infiltration, and polypoid mass [43]. Although the morphological 
patterns are not specific, endoscopy is the fundamental examination in gastric lym-
phoma as it may allow the initial diagnosis on deep biopsy samples and is funda-
mental in the follow-up of patients. EUS can assess the extent of the lesion, which 
is usually hypoechoic, and its invasion. The growth of infiltrative carcinomas tends 
to be vertical in the gastric wall, while lymphomas tend to grow horizontally with 
greater involvement of the perigastric lymph nodes [44]. EUS shows the depth of 
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lymphomatous infiltration into the gastric wall and the presence of perigastric 
lymph nodes, providing additional information for differential treatment planning, 
and can help differentiate lymphoma from both early- and late-stage cancer [45].

In addition to endoscopy, especially in urgent cases, radiological investigations 
are essential in the diagnosis and staging of gastric lymphoma.

Ulcers, polypoid mass, thickened fold, mucosal nodularity, or infiltrating can be 
identified with double-contrast radiological examinations, but these are not specific 
findings of lymphoma. Usually in lymphomas, unlike carcinomas, gastric distensi-
bility and flexibility are preserved, despite the extensive infiltration with thickening 
of the gastric folds. CT-scan of low-grade lymphomas show less thickening of the 
gastric wall, and the presence of lymphadenopathy is rarer than in high-grade lym-
phomas. Preservation of the adipose layer without infiltration of surrounding struc-
tures may also be indicative of lymphoma, although it is not specific. Characteristic 
of lymphomas is the transpyloric spread and extension of the lymphadenopathy 
below the renal hilum as well as the presence of bulky lymph nodes [7]. On CT, 
lymphomas present gastric involvement patterns of the segmental or diffuse infiltra-
tion type or localized polypoid pattern. The most frequent CT features in gastric 
lymphomas are diffuse infiltration involving more than 50% of the stomach and 
segmental infiltration [46] (Fig. 20.1). In the elective staging of gastric lymphomas, 
therefore not in the emergency setting, an 18F-FDG PET/CT has a crucial role, but 
its application is made more difficult by the physiological activity of FDG in the 
stomach and by the variability of the degree of absorption in various histological 
subtypes. Aggressive gastric lymphoma has been reported to have more intense 
absorption than low- grade MALT lymphoma [47].

Fig. 20.1 CT scan of 
gastric lymphoma 
presented as an emergency 
with GI bleeding
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20.5.3  Management

The treatment strategy for gastrointestinal lymphoma depends on the age of patients, 
clinical scenario, histological subtype, extent and burden of the disease, and comor-
bidity. Surgery, chemotherapy, radiotherapy, and radioimmunotherapy are the dif-
ferent modalities of management and can be applied in different combinations. The 
strategies of treatment for gastric lymphomas are controversial, and the optimal 
frontline treatment regimen varies. In the last two decades, the treatment of gastric 
lymphomas has changed considerably in relation to the better understanding of the 
pathophysiological mechanisms that cause it, and to date, surgical resection is rarely 
part of the initial management strategy.

The widely recommended therapy of early-stage H. pylori-positive MALT-type 
gastric lymphoma is eradication of H. pylori with antibiotics and proton pump 
inhibitors; in fact, eradicating antibiotic therapy can achieve long-term remission in 
60–100% of patients with H. pylori-positive localized MALT lymphoma without 
t(11; 18) chromosomal translocation. However, the importance of histological con-
firmation of the response to treatment with a well-standardized patient follow-up 
should be noted [48]. If H. pylori eradication fails, a second course of eradication 
treatment should be considered. The time necessary to reach a complete remission 
varies from 3 months to more than a year [48, 49]. No definite guidelines have been 
proposed for the treatment of advanced or H. pylori-negative MALT-type gastric 
lymphoma. Recent studies also show a response to antibiotic therapy in some of 
these patients, although the reason for this is not known [50].

For patients with persistent MALT lymphoma following H. pylori therapy or 
those with no evidence of H. pylori infection, external beam radiation therapy has a 
90–100% complete response rate [51]. Radiation therapy as a single treatment can 
lead to complete remission with a disease-free period of 5 years [52]. Based on 
these data, irradiation of the “involved field” with a total dose of 30 Gy for over 
4 weeks has become the treatment of choice for stage I and II MALT lymphoma 
without H. pylori or with persistent lymphoma after therapy.

In patients with diffuse disease, or if radiation is contraindicated, systemic ther-
apy similar to that for indolent and advanced lymphomas should be considered. 
Treatment options include chemotherapy and use of monoclonals such as rituximab 
(anti-CD20 monoclonal antibody), singly or combined.

In case of diffuse large B-cell lymphoma (DLBCL), treatment is variable, but it 
is usually based on aggressive combination chemotherapy with anthracyclines, 
including CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone), 
and sometimes associated with rituximab (R-CHOP). The role of consolidation 
radiotherapy remains unclear. Retrospective studies suggest that patients with local-
ized disease (stages I and II) may have lower local recurrence rates with the addition 
of consolidation radiotherapy [6, 51]. Adding surgical resection to systemic chemo-
therapy does not improve survival. Surgery is, at present, reserved only for those 
with complications such as perforation, hemorrhage, or obstruction that cannot be 
treated with other alternative therapies.
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20.5.4  Immediate Treatment

Patients with gastric lymphoma can be treated in emergency in different ways, 
depending on the complication at presentation. Invasion into surrounding organs 
such as the hepatobiliary system and pancreas, although rare, can lead to numerous 
complications, including biliary obstruction, infection, and pancreatitis. In those 
cases, the surgeon must act accordingly. Among the most common complications, a 
massive upper gastrointestinal bleeding is a life-threatening emergency condition 
that requires intervention as soon as possible. A gastrosplenic fistula might be the 
underlying cause of bleeding in those patients. Fluid resuscitation and intensive care 
support are paramount to restore the hemodynamic stability. Urgent endoscopy 
(<6 h), especially in high-risk patients, has recently been described as an indepen-
dent predictor of lower mortality rates; current guidelines also state that for acute 
overt nonvariceal upper GI bleeding in high-risk patients such as those who are 
hemodynamically unstable, very early endoscopy (<12 h) is recommended [53]. In 
patients presenting with bleeding, an adjunct of endoscopy can be an angioemboli-
zation. Surgery remains the treatment of choice when noninvasive hemostatic treat-
ments are unsuccessful. With regard to perforation, it is widely known that this 
complication, albeit rare, occurs in patients receiving chemotherapy. Jointly with 
fluid resuscitation and intensive care support, surgery plays a critical role once the 
diagnosis of perforation is made with clinical examination, blood tests, and imaging 
techniques. Patients with large and voluminous transmural gastric lymphomas are 
those at greatest risk of treatment-related complications. To reduce the risk of per-
foration or other complications in these patients, a dose reduction is recommended 
for the first course of chemotherapy [51]. Differently, gastric outlet obstruction is 
more common compared to bleeding and perforation. In such cases, patients are 
treated conservatively with nasogastric tube drainage and total parenteral nutrition. 
In case of complete or near-complete obstruction, after placing the nasogastric tube 
to drain the stomach, some authors suggest administering steroids at high doses 
(dexamethasone, 10  mg intravenously every 6  h), with a rapid response [54]. 
Thereafter, radiotherapy and/or chemotherapy may be given. When conservative 
treatment fails, surgical intervention is necessary in order to resolve the obstruction 
and restore the gastrointestinal tract continuity. In minor obstructive cases, patients 
can be further evaluated with noninvasive tests and then decide whether to continue 
with medical or surgical therapy.

20.5.5  Surgical Treatment

As seen, surgical resection is no longer the primary treatment of choice for gastric 
lymphoma. Radiotherapy and chemotherapy, alone or in combination, achieve good 
relative outcomes without the morbidity and mortality associated with surgery [55]. 
With the same oncological results, there is an improvement in the quality of life of 
patients treated conservatively [51]. Furthermore, avoiding surgery means avoiding 
any delay in the initiation of systemic therapy. The surgical approach should be 
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reserved for tumor-related complications such as perforation, obstruction, and 
major hemorrhage or in the case of persistent disease confined to the stomach after 
primary conservative therapy [6, 51, 54, 55]. The position and extension of the gas-
tric tumor, as well as obtaining adequate safety margins, determine the extent of the 
resection: total versus partial gastrectomy. Based on the higher level of digestive 
and food-related problems after total gastrectomy, stomach-preserving surgery 
(subtotal gastrectomy, with accurate lymphadenectomy) should be preferred when-
ever possible.

It should be remembered that according to some authors, incomplete resection of 
the disease does not affect overall and disease-free survival if the patient receives 
adjuvant chemotherapy [56, 57]. However, gastrectomy should be considered if a 
giant ulcer and necrotic matter on the ulcer floor are present at upper gastrointestinal 
endoscopy because of the possibility of gastric perforation [58]. In addition to sub-
total and total gastrectomy, the emergency surgeon may consider some alternative 
procedures that could fall within the definition of damage control surgery [59]. If 
the gastric perforation is smaller than 2 cm, a direct suture can be performed, associ-
ated or not with an omental patch. This surgery can be performed laparoscopically, 
favoring a faster postoperative recovery. In addition to the suture, the edges of the 
perforation must be removed and sent for histologic examination. In addition, the 
patient will then undergo a control gastroscopy 6 weeks after he or she recovers 
from the surgical procedure [60]. In patients with gastric obstruction due to lym-
phoma, of advanced age, or in poor clinical conditions, palliative interventions such 
as jejunostomy or gastrojejunostomy bypass can be considered [61].

20.6  Small Bowel Lymphomas

Lymphomas represent about 15–20% of all tumors of the small intestine and about 
20% of primary gastrointestinal lymphomas [62, 63]. The most frequent site of 
localization of lymphomas of the small intestine is the ileum (60–65%), followed by 
the jejunum (20–25%) and the duodenum (6–8%) [6]. Small bowel lymphomas can 
affect any age group, becoming more common in the elderly, but some subtypes are 
more common in young people. The median age of onset in the United States is 66, 
and men account for 60% of patients [63]. As previously mentioned, some risk fac-
tors for the development of primary small bowel lymphomas have been identified. 
These include H. pylori infection, C. jejuni infection, EBV infection, chronic 
inflammatory bowel disease, celiac disease, and immunosuppression. Organ- 
transplant patients have an increased risk of developing lymphomas. Posttransplant 
lymphomas are often linked to Epstein-Barr virus infections. B-cell lymphomas 
account for approximately 90% of posttransplant lymphoproliferative disorders 
(PTLDs) [64]. The histological subtypes of the small bowel lymphomas are very 
heterogeneous and are of both B-cell and T-cell type. Most small bowel lymphomas 
are B-cell derived, and the most frequent histological type of small bowel lympho-
mas is diffuse large B-cell lymphoma (DLBCL), accounting for approximately 40% 
of all small bowel lymphomas, followed by low-grade follicular B-cell lymphomas 
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[65, 66]. Other histological subtypes are low-grade marginal zone B-cell MALT 
lymphoma, Burkitt’s lymphoma, mantle cell lymphoma (MCL), immunoprolifera-
tive small intestinal disease (IPSID), and enteropathy-associated T-cell lymphoma 
(EATL). Burkitt’s lymphomas frequently affect the terminal part of the ileum and 
often appear as an abdominal mass. Its onset is associated with EBV and HIV infec-
tion, it mainly affects children, and, as mentioned, there are three variants [67, 68]. 
MCL usually presents in advanced forms of the disease and mainly affects individu-
als over the age of 50. The gastrointestinal tract is involved in only 20% of MCLs, 
and the sites involved are generally the ileum and the jejunum. It presents with 
numerous small polyps of the mucosa, also called multiple lymphomatous polypo-
sis (MLP) [69, 70]. IPSID, also known as alpha-chain disease, is a variant of MALT 
lymphoma that occurs in the small intestine. It mainly affects children and young 
adults and localizes in the proximal portion of the small intestine [71]. This type of 
GI lymphoma is associated with C. jejuni infection and is histologically character-
ized by the presence of centrocyte-like lymphocytes with IgA heavy chains. T-cell 
lymphomas account for only 10–20% of all small bowel lymphomas, with T-cell 
lymphoma-associated enteropathy being the most common [72]. Patients with 
celiac disease are at greater risk of developing this type of gastrointestinal lym-
phoma; in fact, in the general population, gastrointestinal T-cell lymphomas are 
about 7%, while in patients with celiac disease, the frequency is 40% [73]. The 
EATL is an intestinal intraepithelial T-cell lymphoma, which is most frequently 
localized in the jejunum and ileum. It is more frequent in northern Europe where 
celiac disease is more frequent [11].

20.6.1  Clinical Presentation

Small bowel lymphomas usually have nonspecific symptoms such as abdominal 
pain and positive fecal occult blood. A palpable mass is more frequent in small 
bowel lymphomas than in adenocarcinomas. Patients generally report symptoms 
lasting weeks to months [74]. In many patients, the clinical presentation is related to 
occlusive episodes, which may be characterized by nausea, vomiting, constipation, 
or mechanical obstruction possibly due to intussusception [75, 76]. Small bowel 
lymphomas may present to the surgeon’s attention in emergency with bleeding in 
10% of cases or with intestinal perforation in 5–10% of cases [74]. In one-third of 
patients, involuntary weight loss occurs. B-symptoms (fever, fatigue, and night 
sweats) are present in 15–50% of patients and are usually associated with high- 
grade or advanced lymphomas [74, 77]. In celiac patients who develop malabsorp-
tion despite adopting a gluten-free diet, lymphoma should be suspected. As 
mentioned, one of the manifestations of a small intestine lymphoma is intussuscep-
tion and more than 50% of the primary malignant neoplasms of the small intestine 
that cause intussusception are lymphomas. All symptomatic intussusceptions of the 
adult must be resected due to the 70% risk of a growing lesion, of which about half 
are malignant [78].
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20.6.2  Investigations

The diagnosis of small bowel lymphoma is difficult due to nonspecific presentation. 
A history of fever and night sweats (B-symptoms) can increase the suspicion of 
lymphoma. Clinical examination rarely helps, as abdominal lymphadenopathy, hep-
atosplenomegaly, or a palpable mass in the abdomen is rarely identified. Chronic 
anemia, or positive fecal occult blood, can lead to an endoscopic examination to 
look for the source of bleeding. However, most small bowel lymphomas are located 
in areas that cannot be reached with a standard endoscopic examination. The limita-
tions of standard endoscopy have been partially overcome by capsule endoscopy 
(CE) and double-balloon push-and-pull enteroscopy. The CE can be useful in reach-
ing the terminal ileum, but its use is limited by the lack of availability, the inability 
to perform biopsies, and the possible complication of capsule retention [79]. The 
double-balloon push-and-pull enteroscopy technique has the advantage of being 
able to perform biopsies and polypectomies [6] but is associated with complications 
such as intestinal perforation [80]. Radiological findings are often not specific in the 
diagnosis of small intestine lymphoma. Gastrointestinal contrast studies can iden-
tify stenosis, compression, or dilation of the involved bowel. CT findings are vari-
ous and nonspecific (Fig. 20.2). CT may show an enlarging mass with thickening of 
the wall of the small intestine or flattening of the folds of the mucosa, but also pol-
ypoid forms with multiple nodules, infiltrative lesions, fistulizing forms, and inva-
sive mesenteric forms with extraluminal masses. In Burkitt’s lymphoma, a single 
bulky mass in the lower right quadrant is common; IPSID generally involves the 
proximal portion of the small intestine with disseminated nodules and thickening 
and irregularities of the mucosa. EATL can present with nodules, ulcers, and 

Fig. 20.2 CT scan of 
perforated small bowel 
lymphoma
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strictures [81]. Follicular lymphomas, MCL, and MALT lymphoma rarely present 
with polypoid lesions [82]. CT is essential in patients presenting as emergencies 
with acute abdomen, if they are in stable general clinical conditions, and can be 
essential for the triage of those patients.

20.6.3  Surgical Treatment

The treatment of patients presenting as an emergency with small bowel lymphoma 
depends on various factors including his or her clinical conditions, the need for a 
histological diagnosis, the histologic type of lymphoma, and the stage of the dis-
ease. In patients presenting with acute mechanical obstruction, including intussus-
ception, or perforation or massive bleeding, the main treatment is surgery [83]. In 
30–50% of cases, patients with lymphoma of the small intestine present as an 
abdominal emergency [5, 84]. Often, in emergency, it is impossible to have a precise 
diagnosis before the emergency laparotomy and a suspect of lymphoma can arise 
only at laparotomy or on the histologic examination of the surgical specimen of a 
removed perforated (or obstructing) mass of the small bowel. In this group of 
patients, the aim of the intervention is to remove the segment of small intestine that 
causes the symptoms, obtaining an adequate tissue for histological diagnosis. 
Therefore, it must be kept in mind that the cause of the occlusion or perforation may 
be the lymphomatous tissue. In fact, intestinal perforations occur in 10% of patients 
with small bowel lymphoma, and in half of the cases, this is the presenting symptom 
[64]. The frequency of perforation in the first month of chemotherapy is high. 
Aggressive high-grade B-cell lymphomas and PTLDs appear to have the greatest 
risk of perforation, and prophylactic resection has been proposed in these groups, 
but at present, there are no robust data to support this advice [64, 66]. Another indi-
cation for surgery is the need to obtain a histological diagnosis. In fact, the therapeu-
tic strategy may differ according to the histological type of lymphoma. Whenever a 
minimally invasive biopsy cannot be obtained for diagnosis (such as with an endos-
copy), surgery has both a diagnostic and therapeutic value. In this case, it is advis-
able to perform a clear-margin segmental bowel resection with primary anastomosis. 
If possible, the associated mesentery should be included in the resection to facilitate 
the staging with the analysis of the proximal lymph nodes. In the meta-analysis by 
Lightner et al., the authors indicate that, unlike gastric lymphomas, surgery plays an 
important role in the elective treatment of small bowel lymphomas, with the excep-
tion of follicular lymphomas [85]. In the study by Lu et al., the authors report better 
survival in patients with primary nonmetastatic small bowel lymphoma who under-
went primary site surgical resection and chemotherapy compared to patients who 
underwent surgery alone [86]. MALT lymphomas of the small intestine are treated 
according to their severity and the conditions of the patient. Local forms can be 
treated with surgical or endoscopic resection, while some cases are treated by eradi-
cating the H. pylori infection. In the advanced and multifocal forms, the therapy of 
choice is multi-agent chemotherapy. In cases of follicular lymphoma (FL), which 
often involve the duodenum, in the initial stages, some authors suggest a 
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watch-and- wait strategy, while in the symptomatic and advanced forms, the treat-
ment is based on surgery and CHOP chemotherapy (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) [87, 88]. The early stages of IPSID respond to 
antibiotic therapy (tetracyclines or ampicillin and metronidazole), while advanced 
forms are generally treated with anthracycline-based chemotherapy and antibiotics. 
This type of lymphoma can rarely be treated with surgery because it often presents 
in a diffuse form [6]. In the paper by Koniaris et al. [83], patients with Burkitt’s 
lymphoma are divided into two groups: those at low risk and those at high risk. 
Low-risk patients with localized and resectable disease with negative resection mar-
gins should first undergo surgery and then chemotherapy. Patients at high risk, with 
diffuse, unresectable disease, elevated LDH levels, and involvement of bone mar-
row or cerebral spinal fluid, should undergo intensive chemotherapy. Complications 
of Burkitt’s lymphoma, related to the growth of the neoplastic mass, in addition to 
intestinal perforation, gastrointestinal bleeding, and mechanical obstruction, include 
jaundice and pancreatitis due to ductal compression, and retroperitoneal invasion. 
The latter can lead to compression of the vena cava, lymphedema, and obstruction 
of the urinary tract. Surgery in many of these cases must aim to resolve the acute 
event in order to start chemotherapy as soon as possible.

20.7  Colorectal Lymphomas

Colorectal lymphomas account for approximately 6–12% of all gastrointestinal 
lymphomas [6]. Primary colorectal lymphomas are rare, and most of them are sec-
ondary forms of diffuse lymphomas. Primary lymphomas represent approximately 
0.2–0.6% of malignant neoplasms of the large bowel; in fact, compared to the stom-
ach and small intestine, the colon and rectum are uncommon sites of lymphoma 
[89]. The colonic segments most affected by primitive lymphomas are the cecum, 
the ascending colon, and the rectum, probably because the lymphoid tissue is more 
represented in these regions [90]. Various studies have shown a prevalence in male 
sex with twice the involvement of men compared to women [6, 89]. Patients are 
generally affected in the fifth to seventh decades of life. Risk factors associated with 
the onset of primary colonic lymphomas include two conditions: immunosuppres-
sion (linked to HIV infection, immunosuppression in transplants, and prolonged use 
of corticosteroids) and inflammatory bowel diseases (IBD) [85, 89]. Plasmablastic 
lymphoma (PBL), an aggressive variant of DLBCL, typical of the oral cavity can 
also be found in the anal canal in HIV+ patients [91]. Also in the large bowel, most 
primary lymphomas are B-cell derived. The most frequent type is diffuse large 
B-cell lymphoma (DLBCL), but intestinal lymphomas of the large intestine also 
include low-grade B-cell lymphomas such as MALT, MCL, and T-cell-derived lym-
phomas. MALT lymphomas of the colon are extremely rare, and unlike MALT gas-
tric lymphoma, the role of H. pylori in their pathogenesis is not well defined [92]. 
Mantle cell lymphomas (MCLs) affect the colon usually within systemic forms 
[93]. Peripheral T-cell lymphomas represent more aggressive forms, with a poor 
prognosis and a higher frequency of perforation. These are rare lymphomas in 
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Western countries and more frequent in Asian ones with an increasing fre-
quency [94].

20.7.1  Clinical Presentation

Colorectal lymphoma patients generally have nonspecific symptoms. The most fre-
quent symptoms are abdominal pain, anorexia and weight loss, palpable abdominal 
mass, and blood in the stool [89]. More rarely, patients with colon lymphoma pres-
ent urgently to the surgeon for perforation, rectal bleeding, or mechanical obstruc-
tion. Abbott et al. reported that colic perforations in lymphomas are less frequent 
than those in the small intestine and are more frequent in T-cell lymphomas than in 
B-cell lymphomas (23% vs. 3%) [95]. The same authors in their review report that 
gastrointestinal bleeding is the presenting feature in 2.2–22% of large bowel lym-
phomas. Rarely, colonic lymphomas can present in emergency as emphysematous 
colitis [96].

20.7.2  Investigations

The diagnosis of colonic lymphoma depends on the care setting, whether in emer-
gency or as elective case. In fact, in an emergency due to gastrointestinal bleeding, 
obstruction, or perforation, the diagnosis is made by CT. Non-emergency patients 
usually complain of change in bowel habit, anorexia, weight loss, positive fecal 
occult blood, and a palpable mass (without signs of obstruction). The diagnosis is 
made by endoscopic examination and biopsy, which is the gold standard [97]. 
Endoscopically, the most frequent appearance is that of a single large ulcerated 
mass, although polypoid lesions may be present and, very rarely, annular lesions 
[98]. The radiological appearance of colon lymphomas on CT and double-contrast 
barium enema are highly variable and include focal and diffuse lesions [6]. The 
focal lesions can be polypoid, infiltrative, mucosal nodularity, or mucosal fold 
thickening [81]. Diffuse forms can be both nodular and ulcerative. Colon lymphoma 
lesions are generally larger and involve a longer segment than adenocarcinomas and 
are more frequently located near the ileocecal valve with direct extension into the 
terminal ileum [99]. Peripheral T-cell lymphomas may have ulcerative features sim-
ilar to granulomatous diseases such as tuberculosis or Crohn’s disease [100].

20.7.3  Surgical Techniques

There are few studies regarding the treatment of colorectal lymphomas due to the 
rarity of this disease, and most of them are small, retrospective, and observational. 
The treatment of colorectal lymphomas is based on surgery and chemotherapy. In 
fact, historically for these pathologies, the purpose of surgery is to remove a lesion 
that can cause problems of obstruction, perforation, and bleeding, while 
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chemotherapy increases survival. The main treatment is a combination of surgery 
and chemotherapy [101]. Early-stage colorectal lymphomas are treated with sur-
gery followed by polychemotherapy, while advanced-stage lymphomas are treated 
with multidrug chemotherapy [102, 103]. In the review by Beaton et al., the authors 
conclude by indicating how the choice between chemotherapy and surgery in 
colorectal lymphomas depends on the type of presentation, with patients with acute 
abdomen going more likely towards the surgical approach [79]. Furthermore, surgi-
cal treatment, in addition to preventing complications and providing a possible cure 
(with or without adjuvant therapy), provides important prognostic information, 
including histology, extent, and stage of the tumor [104]. Adjuvant chemotherapy 
has led to improved outcomes [89, 102, 103]. Chemotherapy regimens, alone or as 
adjuvant therapy, for colorectal lymphoma are usually the multi-agent type using 
the CHOP scheme (cyclophosphamide, doxorubicin, vincristine, and prednisone). 
With the introduction of the chemotherapy protocols for new active monoclonal 
drugs such as rituximab [105], the role of surgery is questionable. However, patients 
with fistulae, perforation, obstruction, and bleeding should be treated surgically as 
first choice. In fact, in the article by Cai et al., out of 43 patients [106], 56% required 
emergency operations. Similarly, Zhai et al. report that out of 46 patients [107], 13 
required emergency surgery. Emergency treatment of colorectal lymphomas 
depends on the complication being treated. In the event of perforation, the resection 
of the affected area with or without anastomosis is performed by laparoscopy or 
open surgery. Similarly, an obstructing colon lymphoma can be treated with resec-
tion, whether or not associated with a stoma, or with an endoscopic stent. If the 
patient is in stable clinical conditions, a conservative chemoradiotherapy approach 
can also be attempted. Patients presenting with acute gastrointestinal hemorrhage 
from lymphoma of the large intestine, in addition to being treated with supportive 
therapy, can be managed endoscopically or with CT angiography and 
embolization.
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21Miscellaneous Rare Malignancies: GIST

Massimo Sartelli and Sara Liverotti

21.1  Introduction

Stromal tumors were referred to as smooth muscle neoplasms of gastrointestinal 
tract [1]. Mazur et  al. [2] named these tumors gastrointestinal stromal tumors 
(GISTs) to collectively refer to a group of mesenchymal tumors of neurogenic or 
myogenic differentiation, which lacked the immunohistochemical features of 
Schwann cells and did not have the ultrastructural characteristics of smooth muscle 
cells. GISTs are the most common mesenchymal tumors of the gastrointestinal 
tract, accounting for 1–3% of all gastrointestinal malignancies. Throughout the 
whole length of the gastrointestinal tract, GISTs arise most commonly from the 
stomach followed by small bowel. Less frequently, they can occur in the colon, 
rectum, appendix, esophagus, mesentery, omentum, or retroperitoneum.

The clinical presentations of GISTs are highly variable according to their site 
and size [3].

The clinical presentation depends on the primary localization of the neoplasm 
and tumor size; however, in 18%, it is asymptomatic [4].

Prognosis varies greatly depending on the malignant potential of the tumor, 
defined by tumor size, tumor location, mitotic rate, and presence of tumor rupture 
during surgery [5].

Most GISTs are primarily treated with surgery; however, the tyrosine kinase 
inhibitor (TKI) imatinib has proven to be effective in prolonging the survival of 
patients with a high risk of recurrence after surgery and cases with locally advanced, 
unresectable, and/or metastatic disease [6].

Sensitivity to imatinib therapy depends on the type of initial KIT/PDGFRA 
mutation [7].

GISTs can occur in emergency for two main reasons: bleeding and obstruc-
tion [8, 9].
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21.2  Emergency Surgery in GISTs

Clinically, about 70% of patients with GIST are symptomatic, and gastrointestinal 
bleeding is the most common clinical symptom (in 30–40% of cases) [10]. Many 
patients seek medical treatment due to gastrointestinal bleeding. There are also 
many cases of patients that suffer an uncontrollably massive hemorrhage of the 
gastrointestinal tract and require emergency surgery.

Bleeding occurring into the peritoneal cavity due to a ruptured GIST leads to 
acute abdominal pain presenting as a surgical emergency. Bleeding into the gastro-
intestinal tract lumen, causing hematemesis, melena, or anemia, is usually more 
chronic on presentation.

The National Comprehensive Cancer Network (NCCN) treatment guidelines and 
the National Institutes of Health (NIH) risk stratification classify tumor rupture as a 
risk factor for recurrence. However, there are only few studies of the influence of 
GIST-induced gastrointestinal bleeding on prognosis [11].

A retrospective analysis of prognosis of GIST was used to assess the prognostic 
effects of hemorrhage of digestive tract induced by mucosal invasion of primary 
gastrointestinal stromal tumors and related mechanisms. The conclusion of the 
study was that GISTs with gastrointestinal hemorrhage are more likely to recur, 
which indicates poor prognosis. Therefore, gastrointestinal hemorrhage may be 
used as a significant indicator to assess the prognosis of patients [11].

A CT scan or angiography plays a role in the diagnosis of acute bleeding, in 
elucidating a cause and detecting active hemorrhage.

CT scan is the most commonly used modality in patients with abdominal emer-
gency [12]. CT can point to a specific organ as the source of the bleeding, detect 
active hemorrhage, and provide information on how long ago the hemorrhagic epi-
sode took place.

The presence of a bleeding mass of uncertain nature may result in a challenging 
situation for the surgeon, who is forced to perform an emergency surgical procedure 
without knowing the exact nature of the tumor and hence the extent of resection 
required [13].

Obstruction can be the result of several different characteristics including

• The continued growth of the lesion with direct occlusion of the bowel
• The intussusception with the tumor acting as the lead point resulting in obstruction
• A volvulus-like torsion of the bowel around the tumor, if its growth pattern is 

extraluminal, resulting in obstruction [9]

In cases of small bowel obstruction where there is no obvious cause, a CT scan 
is recommended, and when a solid lesion of the small bowel is identified, the pos-
sibility of a GIST tumor should be considered.
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21.3  Treatment

The surgical technique depends on the size and location of the tumor. Small asymp-
tomatic gastric GISTs (less than 2 cm) with no high-risk EUS features can be man-
aged conservatively with endoscopic surveillance at 6–12-month intervals.

At present, surgical resection remains the mainstay approach in treating the 
patients with localized, nonmetastatic GISTs.

Multivisceral and radical surgery should be avoided where possible. Segmental 
or wedge resection with an aim to obtain histologically negative margins is sufficient.

Studies comparing laparoscopic versus open resection of GISTs typically involve 
small comparative groups and often do not control for tumor size or stage of dis-
ease. However, recent findings support the use of laparoscopy as a viable and poten-
tially more effective approach to GIST resection [14].

Laparoscopy has been recommended for selected GISTs present in favorable 
anatomic locations like the anterior wall of the stomach, jejunum, and ileum. The 
same surgical principles as in open surgery are applicable in laparoscopic surgery 
for GIST, also in the emergency setting.

The safety and appropriate use of laparoscopy in surgical resection of GIST 
tumors have been well documented; however, in an acute setting, the experience of 
the surgeon is important in successfully completing an oncologically safe procedure 
[15, 16].

21.4  Conclusion

GISTs can develop anywhere along the gastrointestinal tract from the esophagus to 
the rectum; however, stomach and small intestine are the most common locations 
for GIST.

Bleeding occurring into the peritoneal cavity due to a ruptured GIST can lead to 
acute abdominal pain presenting as a surgical emergency. Bleeding into the gastro-
intestinal tract lumen, causing hematemesis, melena, or anemia, is usually more 
chronic on presentation. Obstruction can be the result of several different character-
istics including the continued growth of the lesion with direct occlusion of the 
bowel; the intussusception with the tumor acting as the lead point results in obstruc-
tion or a volvulus-like torsion of the bowel around the tumor.

At present, surgical resection remains the mainstay approach in treating the 
patients with localized, nonmetastatic GISTs.
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22Miscellaneous Rare Malignancies: 
Desmoplastic

Nicola de’Angelis and Francesco Marchegiani

22.1  Introduction

Desmoid tumors are rare neoplasms classified as low-grade soft tissue sarcomas [1, 
2], also identified with the terms “aggressive fibromatosis,” “deep fibromatosis,” 
“musculoaponeurotic fibromatosis,” or “desmoid fibrosis.”

Firstly described by MacFarlane in 1833 [3], these tumors arise from fibrocyte- 
like cells affecting muscle connective tissue, fasciae, and aponeuroses.

They account for less than 3% of the sarcomas and less than 0.03% of all neo-
plasms [4]. Desmoid tumors develop between 15 and 60 years, with a peak age of 
30–40 years, and they are more common in females [5, 6].

Despite the controversial etiology, the origin of these tumors is multifactorial 
with several risk factors identified: genetic factors, endocrine factors, antecedent 
trauma, and surgery itself [7].

Desmoid tumors can be sporadic but are often associated with adenomatous 
familial polyposis (AFP) and Gardner’s syndrome. For AFP, a model of develop-
ment was suggested resembling the adenoma-carcinoma sequence where the accu-
mulation of genetic abnormalities brings to a malignant phenotype. The main 
stimulus driving the progression of mesenteric fibrosis is surgery itself, but it is not 
rare to find a desmoid tumor at index surgery in AFP patients [7, 8].

Desmoids account for 10–14% of deaths of Gardner’s syndrome patients due to 
intestinal obstruction or perforation, making it the second leading cause of death 
after colorectal carcinoma [9].

Possible localizations of these tumors are the arms, the limbs, and the trunk both 
intra- and extraperitoneal. The desmoids can be classified into abdominal and 
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extra- abdominal. Abdominal desmoids are the most common, and they can be sub-
classified into abdominal wall tumors, when the tumor develops within the muscles 
of the abdominal wall, and into intra-abdominal tumors, when the tumor develops 
within the abdominal cavity [10].

Desmoid tumors do not show a metastatic potential as other sarcomas, but their 
local aggressive growth and the high local recurrence rate can be considered as 
devasting as other intra-abdominal malignancies.

Standard treatments stand on nonsteroidal anti-inflammatory drugs, hormone 
therapy, chemotherapy, surgery, and radiation therapy [2]. The natural history of the 
disease is poorly understood, and long periods of stabilization or spontaneous 
regression were observed resulting in a new “watch-and-wait” policy based on 
observation [6].

During the evolution of abdominal desmoid tumors, the local disease progres-
sion can lead to perforation or invasion of surrounding organs, which inevitably 
leads to an emergency treatment.

In this context, many reports are available in literature showing the involvement 
of the majority of intra-abdominal organs. The emergent presentation of desmoid 
tumors is defined as rare and unique by each author, mainly because of the low 
incidence of the disease. If all the reports are taken into account, common clinical 
features can be noted and subsequently clinical advices can be drawn.

Unfortunately, the level of evidence is very low given the nature of the available 
literature.

The aim of this chapter is to define the treatment of desmoid tumors in an emer-
gency setting.

22.2  Diagnosis in Emergency Setting

Emergent clinical presentation drives the diagnostic, and no instrumental exams 
should be performed if there is a risk of delaying the treatment of a life-threatening 
condition.

The complete medical history could suggest the presence of a hereditary syn-
drome associated with desmoid tumors. Physical signs for Gardner’s syndrome 
could be searched rapidly.

Blood analysis including routine tests and inflammatory markers can be useful to 
rule out the diagnosis.

Multimodality imaging including ultrasound (US), computerized tomography 
(CT), and magnetic resonance (MR) is useful, but the most reported modality in 
emergency is the CT scan with contrast enhancement.

The common US feature is the echogenicity of the mass, which varies depending 
on the amount of collagen, fibrosis, and cellular components of the lesion. In an 
emergency setting, the presence of pneumoperitoneum and a mass with suspect 
characteristics are enough to perform a CT scan with contrast injection.

The main elements to search in a CT scan performed with the suspicion of a 
complicated desmoid tumor are generic and useful to define the risky features: the 
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presence of a mass which can have different appearances (in case of abscess, rup-
ture, or perforation), the presence of free intra-abdominal air, the presence of liquid 
related to a perforation, the presence of liquid related to a hemorrhage, the presence 
of hydro-aerial levels, and the presence of infiltration of vessels and vital organs.

If an MRI can be performed, it could help to better define the nature of the mass 
and the involvement of surrounding structures. In fact, the relationship of the des-
moid tumor to vessels and vital organs could play a role in the preoperative planning 
in order to drive the feasibility of the surgical approach.

The MRI features are important as for all the soft tissue tumors, but no clear 
descriptions are available concerning the imaging in emergency setting. The dense 
cellularity of desmoids typically generates T1 and T2 low signal intensity but vari-
ous patterns of enhancement after injection of gadolinium. As for CT scan, when a 
lesion is complicated by abscess, rupture, or perforation, the overmentioned charac-
teristics can change [11].

Multimodality imaging is useful even for the treatment response evaluation and 
for the surveillance of these tumors [5].

Differential diagnosis should be posed between a wide range of neoplasia: gas-
trointestinal stromal tumors (GIST), carcinomas, lymphomas, solitary fibrous 
tumors, inflammatory myofibroblastic tumors, sclerosing mesenteritis, and retro-
peritoneal fibrosis [12].

Only a biopsy with histopathology could define the exact diagnosis of the mass, 
but typically this will not be available in an emergency setting.

22.3  Clinical Presentations in Emergency Setting

Two mechanisms determine the diversity of clinical presentations: the compression 
on surrounding anatomical structures and the invasion of surrounding organs. This 
explains why desmoid tumors bear no specific symptoms but can determine a range 
of clinical scenarios ranging from hydronephrosis, intestinal obstruction, and vascu-
lar or neural compression to hollow organ perforation, fistulation, and bleeding.

In a cohort of 62 patients in follow-up for a diagnosis of desmoid tumors, Ophir 
et  al. [13] described a complication rate of 63%. Twelve patients underwent an 
emergency surgery due to perforation (n = 6), obstruction (n = 5), and bleeding 
(n = 1). The described postoperative outcomes are not always acceptable with two 
patients requiring total parenteral nutrition and a recurrence rate of 25%.

Several literature reports are available, and the main clinical presentations in an 
emergency scenario are reported.

22.3.1  Perforation

Perforation of hollow organs generates fluid and gas leakage from the digestive 
tube. Several authors described the presence of a suspect hollow-viscus perforation, 
which revealed a desmoid tumor at the final histopathology.
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Shah et al. [14] reported the case of a patient presenting at the emergency depart-
ment with fever and abdominal pain, showing intra-abdominal free air at the CT 
scan performed. The patient underwent an emergency laparotomy showing a 9 cm 
tumor of the transverse colon. The surgeon performed a colonic resection. The 
resection was radical; no other lesions were described in the abdomen; and 1 year 
after the operation, the patient did not show any recurrence.

Yalav et al. [15] reported the case of a patient presenting with acute abdomen and 
free abdominal air detected at X-ray. No CT scan was performed before the inter-
vention, and an emergency laparotomy revealed a gastric perforation due to a 14 cm 
mass, which was removed with a distal gastrectomy. The authors described a local 
recurrence after 7 years.

Intestinal perforation can happen even during a chemotherapeutic treatment for 
desmoid tumors. Li et al. [16] reported two cases of patients affected by Gardner’s 
syndrome who were treated by chemotherapy (doxorubicin-dacarbazine- meloxicam) 
and experienced intestinal perforation. The mechanism is explained by the sensitiv-
ity of desmoid tumors to chemotherapy, which leads to necrosis, tumor shrinkage, 
and consequently perforation with peritonitis. The reported cases were successfully 
treated with intestinal resection and direct anastomosis in emergency setting even if 
one of the two patients received a covering stoma. The postoperative course was 
uneventful, and the patients underwent resumption of the chemotherapy.

22.3.2  Abscess Formation

A small perforation or a covered perforation can lead to an abscess formation. Small 
abscesses are usually asymptomatic and tend to resolve spontaneously or aided by 
antibiotic therapy. Unfortunately, when the abscess is related to the tumoral inva-
sion, the evolution is unfavorable. The explanation for this clinical presentation 
stands on different possible mechanisms, and it is still debated. The most accredited 
hypothesis is that the invasion of the tumor into the bowel wall could lead to parietal 
ischemia, intestinal bacteria translocation, and subsequent abscess formation with 
or without the presence of a fistula [17].

In 2006, Cholongitas et  al. [18] performed a left colectomy for a refractory 
abscess, which revealed a sporadic desmoid tumor.

A similar case was reported by Jain et  al. [19] concerning a transverse colon 
perforation with pericolic collection, which revealed the presence of a desmoid 
tumor at that level. The authors were able to avoid an emergent resection with a 
defunctioning ileostomy and a postponed colon resection after 4 weeks.

In 2012, Haddad et al. [20] reported the case of a 9 cm abscess of the mesentery 
with air-fluid levels which brought to an emergency laparotomy revealing a mass, 
which at histopathology was a desmoid tumor.

Similarly, Bellamy et al. [21] reported on a bowel resection and direct anastomo-
sis for a mesenteric mass with abscess, which resulted in a desmoid tumor.

More recently, Omori et  al. [22] presented the case of a suspected ascending 
colon perforated diverticulitis, supported by consistent radiological findings. 
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However, the abscess detected was refractory to conservative treatments and, when 
clinical signs worsened, the authors performed a laparotomy showing a scarring 
tissue attached to the abscess and to the lateral wall of the ascending colon, spread-
ing to retroperitoneum. A right colectomy was performed together with the abscess 
resection. The histopathology revealed a desmoid tumor with negative surgical 
margins.

22.3.3  Obstruction

The invasion or the compression of the digestive tract results in stenosis of the 
lumen. Therefore, the occlusion can represent a possible clinical presentation of 
desmoid tumors regardless of tumor dimensions.

Several series were published concerning patients affected by AFP who received 
a previous surgery and had a diagnosis of desmoid tumors. The rates of bowel 
occlusion are very high, ranging from 27 to 58% [23–25].

Yalav et al. [15] recently published a case series of desmoid tumors operated on 
during 9 years. One patient presented with a bowel obstruction due to a 27 cm mass 
and required an extensive bowel resection. No recurrence was visible at a follow-up 
of 62 months confirming the efficacy of the up-front surgery in emergency setting. 
Unfortunately, no definitions of the resection’s extension nor the quality of life after 
the resection were reported arising questions on the eventual short bowel syndrome 
that a young patient could bear after an aggressive surgery.

The obstruction can even be related to an extra-abdominal desmoid involv-
ing  the bowel. Chen et  al. [26] reported the case of a patient which presented 
with  colonic obstruction due to a suspected colon cancer. The patient under-
went an emergent laparotomy, which demonstrated a mass of around 5 cm involv-
ing the splenic flexure of the colon, invading the spleen and the left 11th and 12th 
ribs. The authors performed a left hemicolectomy with diversion ileostomy 
together with a wide excision of the left lateral chest wall tumor and removal of 
the left 11th and 12th ribs. The final histopathology showed a desmoid tumor aris-
ing from intercostal muscles. The surgical margins were not free from disease, 
and the authors concluded that the adopted emergent surgical resection was 
suboptimal.

22.3.4  Hemoperitoneum

The direct involvement of vessels, despite the small dimension of the tumors, can 
lead to an erosion and a massive bleeding. Georgiades et al. [27] reported in 2012 
the case of a young patient presenting with hemorrhagic shock, which led to an 
emergent laparotomy revealing a small tumor (1.5 cm by 0.5 cm) strangulating the 
splenic artery. The authors performed a resection of the tumor en bloc with splenic 
artery. The pathology revealed the presence of a desmoid tumor entrapping part of 
the pancreas and the vessels.
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22.3.5  Ascites

Both the perforation of hollow viscera and the rupture of a mesenteric desmoid can 
produce abundant ascites. The nature of the ascites can be hardly defined by the CT 
scan, mainly adopting the Hounsfield values.

Tan et al. [28] reported the emergent case of a patient presenting with acute abdo-
men, a mass involving the mesentery at CT scan and diffuse ascites. The emergency 
laparotomy revealed the perforation of the mass with abundant purulent ascites. The 
authors performed an extensive resection of the mass together with the bowel devas-
cularized by the interruption of the mesentery.

22.3.6  Combined Presentations

In rare cases, the combination of different mechanisms leads to a clinical presenta-
tion, which can be confused with a different pathological condition. That was the 
case of an abdominal mass mimicking an acute appendicitis, which led to hemoperi-
toneum and peritonitis, described by Asenov et al. [12] in 2019. The mass consisted 
of cystic and solid areas, and it involved the jejunum and its mesentery and was 
adherent to ileocecal junction. The authors performed a toilette of the peritoneal 
cavity and a small bowel resection with negative margins. The final histopathology 
revealed a sporadic desmoid tumor.

As a result of multiple mechanisms, the presence of more than one complicated 
desmoid can generate a mixed presentation. Abdalla et al. [29] described the case of 
a patient who presented with acute abdomen, and a CT scanner revealed a double 
mass, one occluding the lumen and the other surrounded by free fluid. At explor-
atory laparotomy, one tumor was perforated while the other had completely invaded 
a small bowel segment. The histopathology performed on the double resection 
revealed the presence of two concomitant desmoid tumors.

22.4  Surgery

Desmoid tumor management is multidisciplinary including watch and wait, surgery, 
radiation, and chemotherapy [5]. Up-front surgery has been the first-line treatment 
for desmoid tumors until 2000. Many studies were published concerning the out-
comes of surgery, and they showed a high rate of recurrence. Factors correlated to 
the recurrence were analyzed, and a prognostic nomogram was realized [30]. 
Thanks to these observations, the overall management of this disease changed, and 
the functional preservation became the predominant aim. The current surgical treat-
ment is individualized, and it is aimed to reduce the local failure without losing an 
acceptable morbidity rate and without impairing the quality of life.

Furthermore, the observation that a high percentage of desmoid tumors can have 
a spontaneous regression further reduced the up-front surgery adoption while a 
watch-and-wait policy emerged [31].
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The intimate relationship of desmoid tumors to the mesenteric vessels, their infil-
tration, and the potential subsequent hemorrhage have led towards a reluctance to 
surgical excision and the reliance on medical treatments. However, desmoid tumors 
can bear complications requiring emergency surgery: abscess formation, perfora-
tion, peritonitis, hemoperitoneum, and obstruction.

No indications exist regarding the extension of the resection to perform, and even 
if several papers assessed the imperative importance of a free microscopic margin 
while performing a desmoid tumor resection [32], no high-quality evidence is pres-
ent in literature to determine the efficacy of a free margin in preventing a local 
recurrence. In a multivariate analysis performed on 495 elective cases, Crago et al. 
[30] found that age, tumor size, and tumor site were independent predictors of 
recurrence but margin status (R1 vs. R0) was not associated with worse outcomes. 
However, in the cohort of small tumors (diameter <5 cm), R0 resection was associ-
ated with longer local recurrence-free survival. The same association was not found 
for larger lesions.

Furthermore, there is no evidence regarding the extension of the free margin 
adopted and the risk of local control failure.

It is difficult to translate in an emergency setting the principles of elective sur-
gery, but a stepwise approach is recommended taking into account both the life- 
threatening complication and the oncological evolution of the disease. The adoption 
of a damage control concept could be useful and could offer time to perform a 
definitive treatment. Firstly, the management of acute abdomen is imperative in 
order to control the life-threatening condition (mainly bleeding and contamination). 
When the underlying possible cause is identified in a desmoid tumor, a resection 
with negative gross margin should be performed. It is of primary importance to 
avoid the R2 surgical resections especially in a palliative context because the surgi-
cal injury itself results in further tumor progression. However, no extended resec-
tions are recommended due to the high recurrence rate of these tumors and the low 
quality of life resulting from massive resections (Table 22.1).

The absence of histopathology in emergency setting further complicates the clin-
ical decision because of the wide spectrum of abdominal malignancies with com-
mon macroscopical features and clinical presentations, highlighting the need for a 
nonoperative management aimed to control the systemic condition and to postpone 
surgery with a preoperative planning, a histopathological diagnosis, and an ade-
quate patient preparation.

Table 22.1 Principles of 
emergency surgery

Control the life-threatening condition
Perform a resection with negative gross margin but avoid 
extensive mutilating surgery
Reduce palliative resection (no R2)
Postpone the definitive surgery if extensive treatments are 
required
Adopt integrated approaches (interventional radiology, 
endoscopy)
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Suspicion of
complicated

desmoid tumor

Life-threatening
complications?

YES

Emergency
surgery*

NO

Nonoperative
management

UNSUCCESSFUL SUCCESSFUL

Definitive
diagnosis and

medical
treatment

* See principles of Emergency Surgery

Fig. 22.1 Decisional flowchart

The nonoperative management does not exclude the surgical treatment, and it is 
part of the described stepwise approach. The level of attention should be high when 
a nonoperative management is adopted due to the high risk of clinical deterioration 
as described by Ong et al. [33] who reported the case of a patient with an acute 
abdomen and sepsis, approached with a nonoperative management. The authors 
started the diagnostic workup, which revealed a mass related to the jejunum. A 
biopsy was planned due to the initial clinical and biological improvement, but after 
4 days of hospitalization, the patient worsened and an emergent laparotomy was 
required. A mass adherent to the jejunum together with an abscess cavity and free 
purulent fluid was found. The patient underwent a segmental intestinal resection, 
which revealed a desmoid tumor at histopathology. Unlike previous reports, no fis-
tulas were found between the abscess and the bowel (Fig. 22.1).

22.5  Nonoperative Management

In an emergency context, patients often present with malnutrition, pain, sepsis, and 
hemorrhage, bearing a high surgical risk and a potential low survival rate.

The clinical scenario drives the nonoperative management, and life-threatening 
complications do not leave the opportunity to rule out differential diagnosis with 
imaging and histopathology.

However, not every acute clinical presentation of desmoid tumors should be 
treated with emergency surgery (Table 22.2).
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Table 22.2 Principles of 
nonoperative management

Patient resuscitation
Patient surveillance (intensive care unit if necessary)
Antibiotic therapy
Pain control
Blood transfusion if necessary
Evaluation of the nutritional status and parenteral nutrition
Radiological drains if needed
Definitive diagnosis and proper medical/surgical 
management

Asare et al. [34] showed that no systematic approach nor guidelines exist for 
patients presenting in an emergency setting with soft tissue sarcoma-related 
complications. In a small cohort of 16 patients admitted from 1998 to 2018 at 
MD Anderson Cancer Center, the authors adopted a protocol made of antibiotic 
therapy, parenteral nutrition, and drain placement with the aim to avoid an emer-
gent, nononcological resection. The results were encouraging with 75% of 
patients with ruptured or fistulized tumors, which were able to receive a preop-
erative chemotherapy or radiotherapy without facing an up-front emergency 
laparotomy.

Similarly, Alemanno et  al. [35] discussed the current guidelines on desmoid 
tumors highlighting the absence of a well-defined indication in case of complica-
tions. Given the available evidence, a possible sequence in emergency setting could 
be the adoption of a nonoperative approach followed by surgery in case of compli-
cations (Fig. 22.1).

In a recent report, Tawada et al. [36] were in favor of nonoperative management 
even in case of a giant perforated desmoid tumor with acute peritonitis.

In case of abscesses and collections, percutaneous drainage is a feasible option 
when a desmoid tumor is suspected or when the desmoid tumor is in the differential 
diagnosis list. One of the first experiences of nonoperative treatment was reported in 
1995 by Maldjian et al. [17] who demonstrated that in patients affected by Gardner’s 
syndrome, percutaneous drainage, associated with antibiotic therapy, results in clin-
ical improvement. In two out of three patients, the authors were able to visualize the 
presence of a fistula between the small bowel and the desmoid mass, thus helping 
the preoperative planning.

Furthermore, the skepticism associated with the drainage of desmoid tumor 
abscesses, collections, or purulent ascites due to the fear of cancer seeding does not 
find a place in literature [34].

As stated before, the failure of nonoperative management can determine the need 
for an emergent surgery. Huang et al. [37] reported the case of a patient diagnosed 
with a desmoid tumor of the mesentery, which received multiple drainage place-
ment due to the presence of an intratumoral abscess and, after the multiple failure to 
control the sepsis, was operated on.
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23Surgical Emergencies in Cancer 
Surgeries: Sarcoma

Tyler J. Mouw and Robert D. Winfield

23.1  Introduction

Soft tissue sarcoma (STS) is a broad term which is commonly used to describe a 
family of neoplastic processes encompassing upwards of 60 distinct histologies, 
which can have varied clinical courses in terms of aggressiveness, local control, and 
metastatic potential. In general, these are rare clinical entities which comprise fewer 
than 1% of all cancers [1]. The histologies most likely to be encountered are lipo-
sarcoma, leiomyosarcoma, and pleomorphic sarcoma, and these span the continuum 
with respect to behavior and patterns of spread. While tumor histology can be asso-
ciated with specific distributions or body locations, it is possible for these to arise in 
any area of the body. For surgeons, it is most useful to organize sarcomas into two 
broad groups consisting of extremity or trunk (specifically the abdominal wall) sar-
comas and retroperitoneal (RP) or intra-abdominal sarcomas, as these categoriza-
tions can have implications in oncologic management and treatment sequencing 
that may impact presentations or decision-making in an emergent setting. For the 
purposes of this chapter, soft tissue sarcomas will be discussed using these broad 
categorizations. In general, surgical emergencies caused by sarcomas are rare. 
When they do occur, they tend to follow the same pattern of presentations involving 
hemorrhage, obstruction, infection, or perforation that may prompt any surgeon to 
operate emergently. We will discuss issues arising from the primary tumor and those 
arising from treatment complications/morbidity separately in this chapter.
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23.2  Extremity Sarcoma

STS most commonly arises in the extremities, comprising as much as 60% of sar-
coma cases [2]. Given the similarities to bony sarcomas, surgical management of 
extremity STS across the United States is most often shared between subspecialties 
of general surgery and orthopedic surgery. The oncologic management of extremity 
sarcoma has evolved over time. Where radical resections and amputations were 
once mainstay approaches, limb salvage has become the standard of care when pos-
sible [3]. Histologies commonly encountered in the extremities include liposarcoma 
and what are referred to as the “SCARE” sarcomas (synovial sarcoma, clear cell 
sarcoma, angiosarcoma, rhabdomyosarcoma, and epithelioid sarcoma). The 
“SCARE” sarcomas are notable primarily because of an increased propensity for 
lymphatic patterns of metastases, which may warrant surgical staging or therapeutic 
dissection of nodal basins [4]; however, the exact role of sentinel node biopsy and 
nodal dissection in these cancers is still a topic of investigation. The primary prog-
nostic factor in extremity sarcoma is tumor grade. Low-grade tumors are primarily 
well-differentiated liposarcomas which have little to no metastatic potential, while 
higher grade sarcomas, including dedifferentiated liposarcomas and other histolo-
gies, should be worked up for metastatic disease prior to invasive testing or inter-
vention. The mainstay of treatment is surgical resection to negative margins. Local 
control can be augmented with radiation therapy (XRT). In general, preoperative RT 
is preferred as targeting the tumor margins directly results in a more focal treatment 
area as opposed to irradiating a post-resection bed. This can be particularly useful 
with tumors near joints, as the joints can be particularly sensitive to radiation toxic-
ity. While the variability in histologies and locations makes it difficult to succinctly 
describe the likelihood of surgical emergencies associated with extremity STS, 
these tumors tend to be space occupying rather than infiltrative and rarely present as 
the causative factor in a patient requiring emergent surgical intervention. Many 
emergent and urgent presentations have been described in limited case series only.

23.2.1  Extremity Sarcoma: Tumor-Related Emergencies

Extremity STS will typically arise from tissues of fat, muscle, nerve sheath, or vas-
cular origin. The tissue of origin may have specific implications for the presentation 
and may alter the likelihood of emergent presentations. However, these tumors are 
most frequently diagnosed due to the presence of a painless mass in the extremity.

23.2.1.1  Hemorrhage
Although rare, extremity STS may initially present with hemorrhage. Whereas most 
extremity STS will present as a painless mass, hemorrhage may be associated with 
pain and more abrupt swelling as opposed to classic presentations [5, 6]. In most 
cases, hemorrhage is self-limiting as the tumor capsule and extremity compartments 
will contain the bleed [7]. One concern worth mentioning is that hemorrhagic sar-
comas can be misdiagnosed as simple hematomas, which may delay definitive 
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diagnosis by several months [5–7]. Follow-up imaging is important, especially for 
patients who present with spontaneous bleeds who otherwise have few hemorrhagic 
risk factors.

For cutaneous sarcomas or any tumor which has been neglected and allowed to 
erode through the skin, ongoing or uncontrolled hemorrhage may be encountered. 
If the situation allows, stabilization of the patient and transfer to a center with sub-
specialty expertise are always advised. If surgery due to continued bleeding is war-
ranted, MRI is a useful tool to delineate tumor margins to allow for a complete 
resection. The decision to operate should consider the morbidity of the resection 
based on tumor size and location. This should be weighed against standard wound 
management techniques based on the volume of hemorrhage.

23.2.1.2  Obstruction
Tumor growth or lymphatic metastasis may impinge venous or lymphatic outflow 
resulting in obstruction. Although rare, cases of extremity compartment syndrome 
and so-called “pseudocompartment syndrome” due to sarcoma have been reported 
[8, 9]. While prompt decompression may be undertaken, in cases of presumed com-
partment syndrome with an atypical presentation (absence of trauma or vascular 
insufficiency) or intraoperative findings (abnormal appearance of the musculature 
on fascial decompression), sarcoma may be considered in the differential diagnosis. 
Problematic lymphedema may also develop; however, this tends to be insidious and 
chronic in nature.

23.2.2  Extremity Sarcoma: Treatment-Related Emergencies

For high-grade tumors, and those near to sensitive structures such as nerves or 
joints, preoperative radiotherapy is preferred. The efficacy of systemic therapies is 
somewhat limited for most sarcomas and therefore surgical resection is the main-
stay of treatment, with radiotherapy used primarily to augment local control. 
Emergencies arising from the management of sarcomas include issues that arise 
during the diagnostic workup as well as anticipated complications associated with 
resection.

23.2.2.1  Hemorrhagic
Significant bleeds are a concern following STS resection, as tumors can commonly 
involve major neurovascular structures. Significant bleeds requiring transfusion 
were noted in as many as 16% of extremity STS cases in a large National Surgical 
Quality Improvement Program (NSQIP) study [10].

Bleeding associated with the workup of soft tissue masses may lead to scenarios 
where emergent intervention is warranted. Surgical dogma has suggested that his-
tologies such as angiosarcoma should not be biopsied out of concern for causing 
hemorrhage. Case reports of this complication specific to extremity sarcoma are 
rare. The current sarcoma guidelines do support biopsy irrespective of histology 
subtype. Consideration can be made to perform fine needle aspiration rather than 
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core biopsy if a concern for bleeding exists; however, this technique may underesti-
mate tumor grade [3].

23.2.2.2  Infectious
On rare occasion, treatment effect may result in a large burden of necrotic tumor, 
which could become infected and present with sepsis. In such cases, management is 
not dictated by the presence of tumor and the standard approaches of resuscitation 
and source control should be followed. This may include debridement of dead 
tumor, and this should be performed just as with debridement of other necrotic tis-
sue (e.g., until viable tissue is encountered).

23.3  Retroperitoneal Sarcoma

Retroperitoneal (RP) sarcoma as a term usually describes any sarcoma deep to the 
abdominal fascia—as distinct from superficial trunk sarcomas, which are typically 
managed with a similar strategy to extremity sarcoma. These tumors include a num-
ber of different histologies but are most commonly well-differentiated or dediffer-
entiated liposarcoma and leiomyosarcoma. Because of the relatively few anatomical 
boundaries in the retroperitoneum, these tumors can often silently grow massive 
prior to becoming clinically evident. In the elective setting, the mainstay of manage-
ment is to achieve an R0 (microscopic negative) resection, which is not always 
feasible given tumor size and adjacency to vital structures. Liposarcomas can prog-
ress along a continuum from well differentiated to dedifferentiated. Well- 
differentiated liposarcoma will typically appear on axial imaging to have the same 
density or signal as abdominal fat. Multiple septations or areas with a more solid 
component raise concerns for a dedifferentiated component to the tumor. Positive 
resection margins in large well-differentiated liposarcomas are common and fre-
quently unavoidable even with an aggressive resection strategy. Well-differentiated 
liposarcomas have no metastatic potential but do tend to recur locally. Only poorly 
differentiated sarcomas, including other histologies along with dedifferentiated 
liposarcoma, have the potential to metastasize. For this reason, it is the practice at 
many centers to reserve aggressive en bloc resection of adjacent organs only for 
areas with concern for dedifferentiation. If there is any concern for dedifferentiation 
or the presence of a poorly differentiated sarcoma, staging imaging should be 
obtained if possible as this may inform the goals of an emergent operation. 
Intraoperative frozen section has limited utility, and this can vary with different 
histologies. It is not helpful in well-differentiated frozen section as the freezing 
process disrupts tissue to a problematic degree. With solid tumors, frozen section 
may not clearly differentiate between tumor and stromal or desmoplastic responses 
with atypia. For this reason, aggressive en bloc resection is typically pursued when 
feasible.
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23.3.1  RP Sarcoma: Tumor-Related Emergencies

Because of the typical slow-growing behavior of well-differentiated liposarcoma 
and the lack of a confined space in the retroperitoneum, it is uncommon for RP 
sarcomas to present emergently. When they do, obstruction is the most likely pre-
sentation. This is more likely when the tumor is centered within the bowel mesen-
tery as tumors arising posterior to the peritoneal compartment will typically push 
organs away as they grow. Management of complete obstruction should follow the 
tenets detailed above. In the acute setting and for well-differentiated tumors, an 
aggressive approach with en bloc resection of adjacent organs may result in undue 
morbidity without significantly changing the likelihood of durable local control. 
Therefore, a mitigating approach with diversion or limited resection may be appro-
priate based on the level of obstruction. En bloc resection of organs involved with 
poorly differentiated tumors is appropriate.

Non-bowel obstructive symptoms may be more commonly encountered by gen-
eral surgeons. Ureteral obstruction has also been described [11]. In these cases, 
ureteral stenting or diversion with percutaneous nephrostomy tube placement 
should be prioritized to manage the acute issue and allow for elective surgical man-
agement of the tumor. Vascular obstruction can also occur with retroperitoneal sar-
comas. This is particularly true for leiomyosarcomas, which can arise from the 
muscular layers of large central vessels [12–14]. In general, venous occlusive dis-
ease does not require emergent operative intervention as the venous system has time 
to compensate with collateralization around the growing mass.

On rare occasion, sarcomas have been reported as the primary cause of intestinal 
perforation [15]. Management in these patients should adhere to the general prin-
ciples of supportive care, adequate resuscitation, and source control that one would 
employ in other causes of perforation. It should be understood that it may not be 
possible to safely remove the offending tumor at the initial intervention, and so 
securing enteral access for nutritional support is a priority.

23.3.2  RP Sarcoma: Treatment-Related Emergencies

Sarcomatosis is the wide distribution of sarcoma tumors throughout the abdominal 
cavity. Surgical violation or spontaneous rupture of the tumor is named a risk factor 
for this presentation, and as such, it is important to avoid fracturing the tumor cap-
sule, which may result in peritoneal seeding. The primary downstream sequela of 
this complication which may present emergently is obstruction. The definitive man-
agement of this entity in highly selected patients is complete cytoreduction [16]. For 
the general surgeon who encounters such a patient presenting with obstruction, the 
initial management should be conservative with bowel rest and resuscitation. If 
operative intervention is required due to failure to improve or signs of clinical dete-
rioration, we recommend simple bowel excisions or bypass procedures to minimize 
morbidity while addressing the acute issue. Cytoreduction in the setting of an 

23 Surgical Emergencies in Cancer Surgeries: Sarcoma



326

acutely ill patient is only reasonable with minimal disease that would otherwise be 
removed with the necessary bowel resections.

Treatment-related emergencies for RP sarcomas are primarily due to the use of 
XRT. The recent publication of the “Surgery With or Without Radiation Therapy in 
Untreated Nonmetastatic Retroperitoneal Sarcoma” (STRASS) trial [17] is expected 
to change the treatment landscape of retroperitoneal sarcoma. This trial randomized 
patients to surgery with or without preoperative XRT. Their results showed no dif-
ference in survival with a trend toward worsened perioperative morbidity and the 
possibility of preoperative morbidity in the radiotherapy group. As such, routine use 
of neoadjuvant radiotherapy is no longer recommended for RP sarcoma. Even in 
selective use, abdominal radiotherapy predisposes patients to visceral fistula forma-
tion, stenosis, and abdominal abscesses. Review of the radiation fields or discussion 
with a radiation oncologist may be warranted before approaching these issues to 
gain an appreciation of the scope of the effected tissues. Radiation-related compli-
cations are unlikely to require heroic measures to obtain adequate source control or 
to relieve obstruction, so temporizing measures are reasonable if there is any uncer-
tainty about the extent of radiation-exposed tissues. As with other abdominal com-
plications, the placement of feeding access should be strongly considered if any 
operative intervention is undertaken.

23.4  Summary

Surgical emergencies due to acute presentations of sarcomas or issues resulting 
from prior therapy are relatively rare in nature. At times, a high index of suspicion 
will be required to identify sarcoma as the underlying cause of the disease state 
seen, and general surgeons should be aware of specific management considerations 
in these cases to include the roles of intraoperative biopsy, en bloc resections, and 
tumor debulking. Most often, standard principles of surgical management will suf-
fice in the acute management of these patients, while subsequent multidisciplinary 
oncologic care can be initiated following stabilization.
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24Miscellaneous Rare Malignancies: 
Pseudomyxoma Peritonei

Jingjing Yu, Brittany G. Sullivan, Lourdes Swentek, 
and Maheswari Senthil

24.1  Introduction

Pseudomyxoma peritonei (PMP) is commonly used to describe mucinous ascites 
and peritoneal implants, often from a ruptured appendiceal mucinous tumor [1]. 
Although the term PMP represents a clinical syndrome, it is nonspecific as it fails to 
distinguish between peritoneal dissemination from a mucinous adenocarcinoma or 
from that of a mucinous neoplasm. Since management and prognosis of mucinous 
peritoneal dissemination vary widely based on the nature of the primary tumor and 
type of peritoneal dissemination, it is crucially important to avoid describing this 
condition as merely PMP.  Mucinous peritoneal dissemination commonly arises 
from ruptured appendiceal mucinous neoplasms (AMNs) and occasionally from 
mucinous neoplasms of ovary, colon, urachus, and pancreas [2]. In this chapter, we 
provide a detailed description of the current nomenclature of AMNs and PMP, com-
mon clinical presentations, and management.

24.2  Epidemiology

AMNs are rare and make up <1% of gastrointestinal cancers in the United States [3] 
with roughly 1500 cases diagnosed annually [3]. Incidence of these tumors is 0.12 
cases per one million persons per year [4]. Furthermore, AMN is diagnosed 
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incidentally in 0.2–0.3% of all appendectomy specimens [5]. In a Surveillance, 
Epidemiology, and End Results (SEER) program study, women accounted for 55% 
of the appendiceal tumor population and the majority were Caucasian patients 
(75%) [4]. Over the last four decades, the overall incidence of AMNs has increased 
along with a decrease in age at diagnosis [4]. Although the majority of AMNs are 
diagnosed after peritoneal dissemination, they generally have better prognosis than 
colorectal peritoneal carcinomatosis [4].

24.3  Classification of Appendiceal Mucinous Neoplasms

AMNs represent a heterogenous group of neoplasms with various malignant poten-
tial. Until recently, the terminology and classification of AMNs had been widely 
inconsistent, resulting in significant confusion in reporting and management. Since 
histologic differentiation significantly influences the prognosis, a classification sys-
tem that allows for clear delineation of biologic behavior is essential to guide 
management.

In 2016, the Peritoneal Surface Oncology Group International (PSOGI) pub-
lished a new consensus for the classification of AMN using a modified Delphi pro-
cess [2] (Table  24.1). Within this classification system, mucinous appendiceal 
tumors without evidence of infiltrative invasion are classified as either low-grade or 
high-grade appendiceal mucinous neoplasm (LAMN or HAMN) based on the 
absence or presence of high-grade cellular atypia. Mucinous tumors of the appendix 
that show infiltrative invasion are categorized as mucinous adenocarcinomas of the 
appendix and can be further grouped as well, moderately, or poorly differentiated. 

Table 24.1 Classification of mucinous neoplasms of the appendix adapted from PSOGI 
Consensus

Terminology Histologic features
Low-grade appendiceal mucinous 
neoplasm (LAMN)

Mucinous neoplasm with low-grade cytology:
   – Loss of muscularis mucosa
   – Fibrosis of submucosa
   – Pushing invasion or expansile, diverticulum-like 

growth
   – Dissection of acellular mucin in wall
   – Mucin and/or cells outside of appendix

High-grade appendiceal mucinous 
neoplasm (HAMN)

Mucinous neoplasm with architectural features of 
LAMN with high-grade cytology but no infiltrative 
invasion

Mucinous adenocarcinoma:
   – Well differentiated
   – Moderately differentiated
   – Poorly differentiated

Mucinous neoplasm with infiltrative invasion:
   – Tumor budding
   – Small, irregular glands
   – Activated fibroblasts/myofibroblasts with 

vesicular nuclei
Poorly differentiated mucinous 
adenocarcinoma with signet ring cells

Mucinous neoplasm with <50% signet ring cells

Mucinous signet ring cell carcinoma Mucinous neoplasm with >50% signet ring cells
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Of note, signet ring cells seen on histology automatically confer a poor prognosis 
and are considered poorly differentiated [2]. Acknowledging the negative impact of 
the signet ring component on prognosis, the categorization of mucinous adenocar-
cinoma of the appendix is further divided into mucinous adenocarcinoma with sig-
net ring cells if the tumor is composed of <50% signet ring cells and mucinous 
signet ring cell carcinoma if the tumor is composed of >50% signet ring cells.

24.4  Pathophysiology of PMP

When mucinous appendiceal tumors rupture, mucin and epithelial tumor cells are 
released into the intraperitoneal space and float freely in the peritoneal fluid. 
Peritoneal mucinous disease spreads as a result of physiologic flow of intraperito-
neal fluid and gravity, also known as the redistribution phenomenon [6, 7]. Gravity 
causes the fluid to collect in the pelvis, allowing tumor cells to accumulate in the 
rectovesical pouch or the pouch of Douglas. Negative pressure created by respira-
tion causes fluid to move along the right paracolic gutter toward the right hemidia-
phragm and be absorbed by the lymphoid lacunae and lymphoid aggregates. As a 
result of this distribution and absorption, the pelvis, paracolic gutters, diaphragm, 
and greater and lesser omentum become the most common sites of peritoneal dis-
ease. Parts of the bowel that are anchored to the retroperitoneum (rectosigmoid 
colon, ileocecal valve, and pylorus) are also more heavily involved compared to 
areas of the small bowel and its mesentery, which are more mobile [6]. It is impor-
tant for surgeons to understand the commonly affected sites to ensure visualization 
of these areas during exploration.

24.5  Classification of PMP

Histologic classification of PMP is prognostically significant. The current classifi-
cation of PMP was also developed via a modified Delphi process sponsored by 
PSOGI and includes four groups (Table 24.2) [2]. LAMN- and HAMN-associated 

Table 24.2 Classification of PMP adapted from PSOGI Consensus

Terminology Histological features
Acellular mucin Mucin in peritoneal cavity 

without neoplastic cells
Low-grade mucinous carcinoma peritonei OR disseminated 
peritoneal adenomucinosis (DPAM)

Low cellularity, minimal 
cytological atypia, no infiltrative 
growth

High-grade mucinous carcinoma peritonei OR peritoneal 
mucinous carcinomatosis (PMCA)

High cellularity, high-grade 
cytological atypia, with 
infiltrative growth

High-grade mucinous carcinoma peritonei with signet ring 
cells OR peritoneal mucinous carcinomatosis with signet 
ring cells (PMCA-S)

Any lesion with signet ring cells

24 Miscellaneous Rare Malignancies: Pseudomyxoma Peritonei



332

peritoneal disseminations are typically either acellular mucin or diffuse peritoneal 
adenomucinosis (DPAM). Although the term low-grade mucinous carcinoma peri-
tonei is interchangeably used with DPAM, the word carcinoma is misleading as 
these are not invasive cancers. Peritoneal mucinous carcinomatosis (PMCA) is a 
result of dissemination from mucinous adenocarcinoma. Tumors with signet ring 
cells are classified separately from other high-grade lesions because of their worse 
prognosis [2, 8].

24.6  Clinical Presentation

AMNs can present with varied signs and symptoms based on the extent of disease. 
Since the mucinous lesion in the appendix usually grows slowly, patients commonly 
remain asymptomatic and present often after rupture of the tumor with peritoneal 
dissemination. When the tumor ruptures, patients usually do not recall associated 
abdominal pain. As disease progresses and mucin accumulates, patients may 
develop vague abdominal symptoms and bloating. Eventually, in advanced cases, 
patients can experience abdominal pain, palpable masses, bowel obstruction, and 
weight loss [1].

Given the lack of specific symptoms and signs, most patients are diagnosed inci-
dentally by cross-sectional imaging or at the time of laparoscopy/laparotomy for 
other medical conditions [1]. In a few rare occasions, AMNs are diagnosed prior to 
rupture (Fig. 24.1). In a retrospective study by Shariff et al., that evaluated the mode 
of presentation of 1070 patients with perforated epithelial appendiceal tumors and 
PMP, 30.3% of patients presented with abnormality on cross-sectional imaging and 
16.8% of patients were diagnosed incidentally at the time of surgery [9]. Other 
modes of presentation included acute appendicitis (19%), ovarian mass (19.2% of 
women), and new onset of a hernia (9.9%).
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a

c

b

Fig. 24.1 Unruptured appendiceal mass. (a) Cross-sectional CT imaging of unruptured appendi-
ceal mass (white arrow). (b, c) Gross specimen of unruptured LAMN with intraluminal mucin 
found once the appendix was dissected open

24.7  Evaluation and Management

24.7.1  Localized AMNs

Since AMNs can present as appendicitis, general surgeons may encounter them dur-
ing surgical exploration for appendectomy. Evaluation of the appendix for signs of 
serosal perforation and evidence of extra-appendiceal mucin should be performed 
and documented. Extreme care should be taken to avoid rupture of the tumor during 
surgical manipulation [1]. Unruptured LAMNs and HAMNs can be managed with 
simple appendectomy when feasible as they are not associated with lymph node 
metastasis (Fig. 24.1). Additional colon resection may be necessary if the proximal 
margin is positive for mucin. If postoperative pathology shows evidence of adeno-
carcinoma, a right hemicolectomy is indicated for appropriate lymph node staging 
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[10]. In a large retrospective study of stage I–III mucinous appendiceal cancers, 
lymph node metastasis was detected in 21.1% of patients; higher grade (moderately 
differentiated: OR 2.16, p < 0.0001; poorly or undifferentiated: OR 3.07, p < 0.0001) 
and lymphovascular invasion (OR 7.28, p < 0.0001) were independent predictors of 
lymph node metastasis [11]. In general, as per the American Society of Colorectal 
Surgeons (ASCRS) guidelines, right hemicolectomy is recommended for most 
appendiceal adenocarcinomas [12]. However, controversy exists around the need 
for right hemicolectomy in well-differentiated mucinous adenocarcinomas with 
peritoneal dissemination as the incidence of lymph node metastasis is low (6%) and 
right hemicolectomy may not offer survival benefit in the setting of cytoreductive 
surgery [13, 14].

24.7.2  AMNs with Peritoneal Dissemination

24.7.2.1  Initial Evaluation
AMNs with peritoneal dissemination can be detected on diagnostic imaging or dur-
ing surgical exploration. When peritoneal dissemination is detected on diagnostic 
imaging, additional workup should be directed at identifying the site of the primary 
tumor and obtaining a histologic diagnosis. Lower and upper endoscopies are nec-
essary to exclude malignancies of the stomach and colon as AMNs are usually diag-
nosed by exclusion [10]. Tumor markers including CEA, CA 19-9, and CA-125 
should be obtained as they have been found to have prognostic value [15–17]. 
Percutaneous biopsy of peritoneal implants or omental mass is a reasonable choice 
[1]. Diagnostic laparoscopy is extremely helpful to confirm the diagnosis, assess the 
extent of peritoneal dissemination, and obtain tissue biopsies and should be enter-
tained freely. During laparoscopy, specific documentation about the extent and 
nature of disease along with photographic documentation is valuable for subsequent 
management decisions [18]. Alternatively, since these patients should be referred to 
a peritoneal malignancy surgeon for definitive management, diagnostic laparoscopy 
can be deferred to the specialist surgeon.

It is possible that the general surgeon incidentally finds evidence of mucinous 
dissemination during laparoscopy/laparotomy for another disease, including pre-
sumed appendicitis or hernia. If mucinous deposits are incidentally discovered, 
biopsies of the peritoneal implants should be taken for histologic diagnosis. 
Preferably, the biopsies should include small representative samples of the disease 
from different locations obtained by sharp dissection. An appendectomy can be per-
formed if there are signs of appendicitis or features suggestive of tumor. If the 
appendix looks normal, resection of the appendix is not necessary. When mucin is 
discovered in a hernia sac, the hernia sac should also be sent for histopathologic 
review [15]. Specimens should be removed from midline ports so they can be 
excised with later surgery if they become seeded with disease [15, 18]. Patients may 
also present with small bowel obstruction (SBO) if their disease is particularly 
advanced (Fig. 24.2) [1]. Treatment of PMP with SBO can vary from curative treat-
ment to palliative gastrostomy tube depending on the grade, disease burden, and 
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a b

Fig. 24.2 Small bowel involvement from signet ring adenocarcinoma. (a) CT axial imaging 
showing thickened peritoneum (white arrows) and matted small bowel (asterisk). (b) Gross speci-
men of small bowel and mesentery with numerous implants

resectability of the disease. It is important to recognize that nontherapeutic explora-
tions reduce the chance of successful cytoreduction in the future. Hence, it is vitally 
important to refer patients to a peritoneal malignancy center for subsequent care and 
long-term management.

24.7.2.2  Management
The main treatment of PMP is a combined approach of cytoreductive surgery (CRS) 
and hyperthermic intraperitoneal chemotherapy (HIPEC). The goal of CRS is to 
remove all macroscopic tumors through a combination of omentectomy, visceral 
resections, and peritonectomies. CRS is usually combined with HIPEC at the same 
setting to target microscopic disease [7]. Since survival of patients who undergo 
CRS/HIPEC for AMNs is excellent and decision about feasibility of CRS can only 
be determined by an experienced peritoneal malignancy surgeon, it is crucial to 
refer these patients to a peritoneal malignancy center. Once referred, the patient’s 
disease burden and histopathology are carefully evaluated by a multidisciplinary 
team to decide if CRS/HIPEC is feasible and appropriate. CT imaging and laparos-
copy are important to evaluate the burden of disease, while the subtype and grade of 
the AMN are assessed via histologic evaluation from pathology. Given the histori-
cally confusing and nuanced classification system of AMNs, a pathologist special-
ized in appendiceal neoplasms should be utilized for this assessment [19]. This is 
also why frozen sections on the initial operation are not recommended to help deter-
mine diagnosis and subsequent treatment.

The extent of peritoneal dissemination varies and can be localized to the right 
lower quadrant (Fig. 24.3), present with large ovarian mass (Fig. 24.4), or involve 
multiple organs throughout the abdomen (Fig. 24.5). For patients with LAMN or 
HAMN with acellular dissemination or DPAM, CRS/HIPEC is the treatment of 
choice (Fig. 24.6) and is associated with nearly 60–70% 10-year overall survival 
[1]. Systemic treatment is usually not indicated for LAMN and HAMN as these are 
not invasive cancers.
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a b 

c 

Fig. 24.4 Large ovarian tumor metastasis from mucinous adenocarcinoma. (a, b) CT axial and 
coronal images showing large ovarian mass (white arrows). (c) Gross specimen of large 
ovarian mass

a b

*

Fig. 24.3 Ruptured AMN with localized mucinous dissemination. (a) CT coronal image of large 
appendiceal mass with focal dissemination along the right paracolic gutter (white arrow) and pel-
vis (asterisk). (b) Gross specimen of ruptured AMN with mucin extravasation from the appendi-
ceal tip and mucin along the right paracolic gutter (white arrows)
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d

b

c

e f

Fig. 24.5 Ruptured AMN with widely disseminated peritoneal mucinous disease. (a and d) CT 
axial and coronal sections highlighting large-volume ascites, pelvic mass, and omental caking 
(white arrow). (b, c, and e) Intraoperative photographs depicting large omental cake, large abdomi-
nal mass, and diffuse disseminated mucin. (f) Photograph of gross specimen including distal 
ileum, appendix (asterisk), subtotal colon, omental cake, distal pancreas, spleen, and gastric wedge 
resection
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AMNs with 
peritoneal 

dissemination

LAMN/HAMN
Acellular 

mucin/DPAM CRS + HIPEC

Mucinous 
adenocarcinoma 

with PCMA

Well 
differentiated

Complete 
cytoreduction 

feasible
CRS + HIPEC

Complete 
cytoreduction 
not feasible

Systemic therapy
Reassess for CRS 

+ HIPEC

Moderately to 
poorly 

differentiated
Systemic therapy

Assess for CRS + 
HIPEC 

With signet ring 
cells Systemic therapy

Assess for CRS + 
HIPEC

Fig. 24.6 Treatment algorithm for appendiceal mucinous neoplasms with peritoneal 
dissemination

The sequencing of treatment in mucinous appendiceal adenocarcinoma with 
peritoneal dissemination is influenced by the grade, peritoneal disease burden, and 
ability to achieve complete cytoreduction. The role of systemic chemotherapy, 
whether neoadjuvant or adjuvant, is not well defined and is often extrapolated from 
colon cancer despite the evidence that appendiceal cancers are genomically distinct 
entities from colon cancer [20, 21]. Nevertheless, due to the uncommon nature of 
appendiceal cancers and lack of specific treatment data, systemic treatment recom-
mendations and regimen are often derived from current colon cancer treatment 
guidelines. Well-differentiated mucinous appendiceal adenocarcinoma is less likely 
to metastasize to distant organs and shows marginal responsiveness to systemic 
chemotherapy. Thus, in patients with well-differentiated appendiceal mucinous 
adenocarcinoma, with peritoneal metastases, CRS/HIPEC is the initial treatment of 
choice if complete cytoreduction is feasible. Systemic therapy is utilized mainly for 
patients in whom complete cytoreduction is not feasible. On the other hand, in 
patients with high-grade mucinous appendiceal adenocarcinoma or signet ring cell 
adenocarcinoma, systemic chemotherapy is routinely incorporated into the treat-
ment regimen and is often administered perioperatively. CRS/HIPEC still remains 
an important treatment option, provided that complete cytoreduction is feasible and 
the patient is a candidate for CRS/HIPEC (Fig. 24.6) [10].

Although HIPEC is routinely combined with CRS in AMN with peritoneal 
metastases, there are no randomized controlled trials that have evaluated the bene-
fits of HIPEC therapy in AMN. However, based on several large retrospective series 
and previous trial of patients with colorectal peritoneal carcinomatosis which also 
included appendiceal adenocarcinoma, expert consensus is to include HIPEC with 
mitomycin in the management of patients with AMN and peritoneal metastases 
[15]. There are significant controversies around the utility of HIPEC, duration, drug, 
and dose. Investigations utilizing 3-D tumor models are aiming to provide better 
guidance about intraperitoneal treatment regimens. Readers are referred to the 
chapter on peritoneal carcinomatosis elsewhere in this book for a more detailed 
description about the management of PMCA.
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24.8  Complications and Outcomes

CRS/HIPEC for AMN with acellular mucin or DPAM is associated with a high, 
overall 5-year survival [22]. There are reports of peritoneal recurrences, for which 
repeat CRS/HIPEC can be considered. Outcomes for mucinous appendiceal adeno-
carcinoma after CRS/HIPEC depend on the grade and degree of differentiation of 
disease. Moderately differentiated mucinous adenocarcinoma treated with CRS/
HIPEC has a 5-year survival rate of 30–60% with a high chance of peritoneal recur-
rence [22]. Poorly differentiated mucinous adenocarcinoma with signet ring cells 
has the worst prognosis after CRS/HIPEC with an overall 5-year survival of 
10–40% [22].

Complications of CRS/HIPEC for AMN are similar to those of other major can-
cer resections and include thromboembolism, anastomotic leak, enteric fistula, 
abscess, and wound dehiscence [23]. Morbidity and mortality depend on the extent 
of peritoneal disease, patient comorbidities, and preoperative functional status. In a 
study by Chua et al. which included 2298 patients who underwent CRS for PMP 
from an AMN, major grade 3, 4, or 5 postoperative complications occurred in 24% 
of patients (grade 3 = requires interventional radiology or minimally invasive pro-
cedural treatment, grade 4 = requires return to the operating room, grade 5 = 30-day 
hospital stay or mortality). Independent factors associated with major operative 
complications were found to be at least two prior operations and peritoneal carcino-
matosis index of more than 20 [24]. The overall survival rates were 80%, 74%, 63%, 
and 59% in 3, 5, 10, and 15 years, respectively [24].

24.9  Summary

PMP is a challenging disease entity as it has a wide range of presentations, biologic 
behavior, management options, and outcomes. Often, acute care surgeons are 
involved in the initial evaluation and diagnostic procedures; hence, knowledge of 
AMNs and PMP is extremely valuable. As the majority of patients with PMP can 
achieve excellent long-term survival with cytoreduction and HIPEC, referral to a 
peritoneal malignancy surgeon early on for evaluation and definitive treatment is 
paramount.
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25Ethical Issues in Emergency Surgery

Giovanni D. Tebala , Roberto Cirocchi , 
Lucia Lazzereschi , Angus Livingstone , and Zoe Slack

25.1  Introduction

Ethics is a system of morality that is at the basis of the human code of conduct; 
medical ethics refers to the medical code of conduct. In other terms, medical ethics 
is a framework of natural and legal principles that governs our choices as doctors. 
Facing the growing effectiveness and complexity of elective and emergency surgi-
cal treatment along with the massive social changes we have been witnessing in the 
last few decades, in terms of increasing patients’ expectations and multiculturality, 
the surgeon may feel overwhelmed and pressurised in his or her clinical choices. 
Nowadays, they cannot take into account only the clinical and pathophysiologic 
aspects of the treatment, but must also involve good use of resources while guaran-
teeing the best possible care for the single patient. Unfortunately, most surgeons are 
not prepared to face those ethical dilemmas and tend to base their choice only on 
their clinical judgement.
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The basic principles of medical ethics have been variably described [1], but the 
core values are the following:

 1. Autonomy. Every adult and competent patient has the right to decide what hap-
pens to their bodies. This principle is crucial to informed consent.

 2. Fidelity and veracity. The doctor-patient relation must be based on trust and 
truth, even when truth is not what the patient would expect.

 3. Beneficence and nonmaleficence. Every decision on the care of a patient must 
be taken to his or her best interest, with the aim of doing good to that patient. 
However, beneficence must be extended to the wide community, beyond the sin-
gle doctor-patient relationship, according to the utilitarian principle of “providing 
the greatest amount of good to the greatest amount of people”. At the same time, 
the Hippocratic principle of “first do not harm” must guide our choices.

 4. Justice. All medical decisions must be taken on the bases of fairness and equal-
ity. This principle is challenged every time that clinical choices are based on 
financial consideration. The concept of justice in medical practice is strictly 
related to the “political” meaning of justice, and it is quite a relative opinion, 
more than a universally accepted principle, and assumes different notations in 
government-managed vs. privately managed healthcare systems.

These principles will be discussed in their various applications.
The surgeon must acknowledge and recognise that every patient is somehow 

pulled out of his or her own environment and comfort zone and faces existential 
issues related to life and death, pain and body image. This may elicit anxiety, aggres-
sive behaviour, fear and frustration, but the same feelings can be transferred to the 
doctor, in particular if he or she is not mentally prepared to face and control his or her 
feelings. Luckily, the old cliché of the cold, un-affective and emotionally detached 
surgeon has demonstrated its inconsistence, and surgeons are more and more able to 
set up an empathic relationship with their patients. The downside of this is the diffi-
culty of acting objectively and to see the interest of the wider community, beyond the 
small bubble of the doctor-patient rapport. Good communication and reciprocal trust 
can help overcome the negative feelings and have a therapeutic added value.

The principles of medical ethics must guide each and every action of any doctor 
and find their specific application in several specific conditions in emergency and 
elective surgery.

25.2  Triage

The concept of “triage” was first introduced by Dominique Jean Larrey, Chief Surgeon 
of the Army of Napoleon Bonaparte, to sort (“trier” in French) the war casualties by 
priority and decide who should have been transferred first from the battlefield to the 
rearguard for immediate medical treatment. At that time, priority was given to the 
soldiers with less severe injuries who could be treated quickly and sent back to the 
frontline as soon as possible. Since then, the “triage” is being applied everyday, both 
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in civil and military environments, to guide the prioritisation of multiple emergencies 
and decide the allocation of resources accordingly. Nowadays, the principles of triage 
are quite flexible and adapt to the circumstances; triaging emergency patients during 
a natural catastrophe or a war (multiple casualties) is different from our everyday 
hospital practice. The aim of “civil” triage is to provide the best treatment to the high-
est number of patients within the restraints of resources and time. Therefore, the pri-
oritisation is based on clinical gravity, according to the multiple available definitions. 
In civil disaster triage, patients are grossly classified into (1) those who will probably 
die even if they are treated, (2) those who will survive even if left untreated (or treated 
at a later stage) and (3) those who will survive if treated but will probably die if not 
treated [2], and treated accordingly, giving priority to those of group 3. Somewhat 
differently, the aim of “military” triage has always been to provide the best care to 
soldiers who are expected to return quickly to the battlefield. In this last case, triage is 
based on military considerations—i.e. treat first those patients with mild injuries in 
order to maintain the manpower at the frontline. Strictly linked with the concept of 
“triage” is the definition of “multiple casualties” and “mass casualties”. In the military 
jargon, the term of “multiple casualties” refers to the access of several trauma emer-
gencies but within the capacity of the system, and by mass casualties they mean a 
condition when the system is overwhelmed and cannot cope [3]. This distinction is 
crucial in hostile environments (war, catastrophes) with limited resources. In case of 
multiple casualties in war environment, the “P” (= priority) system is used, where P1 
identifies someone who needs immediate resuscitation with or without surgery or else 
they will not survive, P2 indicates someone who can tolerate a 30–60-min delay and 
P3 is for those who can wait and are not in immediate risk of death. On the contrary, 
the “T” (=triage) system is used in case of mass casualties when the system cannot 
guarantee treatment for everyone. It considers T1, needing immediate resuscitation 
and/or surgery but with an expectancy of good results (those with life-threatening 
injuries and poor prognosis are under the category T4); T2, patients who can tolerate 
a 30–60-min delay; T3, those who can tolerate a longer delay; and T4, those who have 
multiple severe life- threatening injuries not expected to survive and for whom any 
treatment in those overstretched circumstances will be futile. In the civilian environ-
ment, this system has been replaced by a colour code, where Red corresponds to 
patients who cannot wait due to life-threatening injuries, Yellow identifies patients 
who can tolerate a 2-h wait, Green are patients who must wait up to 4 h and Blue are 
patients who are dying or will die soon despite any treatment [3, 4].

The ATLS triage is inspired by the principle of “do the most good for the most 
patients using available resources” [4]. It classifies casualties according to the ABCDE 
scheme, where patients with airway problems (“A”) must be treated first, followed by 
“B” (breathing), “C” (circulation and bleeding), “D” (neurologic disability) and “E” 
(minor injuries, not life threatening), because “in general, airway problems are more 
rapidly lethal than breathing problems, which are more rapidly lethal than circulation 
problems, which are more rapidly lethal than neurologic injuries” [4]. Clearly, these 
priorities may change in war conditions, when a triage sieve is applied, based on a 
simple algorithm where patients who are walking are considered T3 and can wait, 
those who cannot walk and do not breathe are considered dead and those with 
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abnormal respiratory rate (>30 or <10) and those with normal respiratory rate but with 
long capillary refilling time (>2 s) are considered true immediate emergencies (T1). 
Those patients with normal respiratory rate and normal capillary refilling time, but not 
able to stand or walk, are considered T2 (urgent) [3].

The triage process is a clinical pathway but, probably much more than other 
procedures, has deep ethical implications. For instance, the decision not to treat a 
severe casualty who might be rescued in other less critical environmental conditions 
is hard for all the stakeholders. Nonetheless, the triage decisions must be based on 
clear, precise and agreed principles. The most frequently applied is the Bentham’s 
utilitarian principle of providing “the greatest good to the greatest number” (which 
is also the basis of the ATLS methodology), but other considerations may replace 
this ethical principle. In particular, during critical situations and mass casualties, 
would the reverse be applicable? In other terms, would it be justified to treat first the 
patients with mild injuries so that we are sure we are using our limited resources 
effectively on those who have the highest chance of surviving? Or, on a battlefield, 
would it be more ethical if we treated first those fighters with limited injuries so that 
they can go back sooner to the frontline and possibly save civilian lives?

The ethical principles that should be applied are (1) fidelity, (2) veracity, (3) 
autonomy, (4) justice and (5) beneficence [5].

Fidelity is the trust relationship between the doctor and the patient. Sometimes, 
by law, it is seen as a contractual obligation. At a superficial reflection, fidelity 
might appear to be broken by the application of triage, when the care of a patient is 
delayed to make room for another sicker patient. However, the principle can be re- 
established on the basis of mutual trust when it is evident to both stakeholders 
(patient and doctor) that a choice has been made for the benefit of the larger com-
munity with a spirit of altruism [5].

Veracity is somehow a consequence and the basis of fidelity and represents the need 
of a truthful exchange of information between doctor and patient [5]. In the triage pro-
cess, honesty and truth are paramount to make clear the principles at the basis of the 
triage. A patient whose care is delayed—but also a patient whose access to care is pri-
oritised—has the right to be informed of the reasons why this happens. In most emer-
gency departments, this information is clearly showed on posters and advertisements.

Respect for a patient autonomy is an ethical and legal obligation. Autonomy is 
about privacy, free choice and personal beliefs and has the necessary corollary of 
personal responsibility. However, autonomy of a patient is somehow subordinate to 
the clinical right to decide priorities for a wider and superior benefit. Patients cannot 
claim their right to autonomy if this impacts on someone else’s life and well-being. 
The triaging doctor has the obligation to respect the autonomy of patients but also 
to educate them to understand the mechanism of triage. Sometimes, the principle of 
autonomy must be overruled in critical situations and also when specific patients are 
not able to understand and decide autonomously [5]. In these cases, the doctor must 
choose considering first the best interest of the community or large group and only 
subsequently the best interest of the single patient, on a spirit of justice.

While the three previous ethical principles were relative to the single patient, 
justice has a larger application and deals with the fairness that must be applied in the 
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triage process. Fair—and equitable—triage does not mean that all patients have the 
same treatment [5], as this is contrary to the spirit of good allocation of resources. 
To be sure that the principle of justice is respected, it is important that policies and 
guidelines on triage are in place and followed by the individual triage officer. Even 
more important, the principle of justice in triage must be clearly explained to the 
general public. Repine et al. report the interesting example of an American soldier 
who may find unfair that an enemy prisoner who has just shot one of his fellows is 
treated before him or her because the Geneva Convention prescribes that casualties 
are triaged according to their clinical conditions and the available resources, irre-
spective of their status of ally or enemy and their nationality, and again highlight the 
importance of education and information on the “greater intent” of the Geneva 
Convention [5].

Beneficence is about acting in the best interest of a patient. While this is surely 
possible in non-emergency conditions, critical situations such as multiple casualties 
or mass casualties show that this principle is hugely relative, as triaging patients in 
austere environments with limited resources implies the choice to act in the best 
interest of prioritised patients, and not everyone, thus violating the beneficence prin-
ciple [5]. The above-reported utilitarian principle of “providing the greatest good to 
the greatest number” must be the guide for the use of limited resources, even when 
it means positively deciding not to act in the best interest of someone to the advan-
tage of someone else and, on a wider scale, of the larger community. Although it 
may appear morally unacceptable that a patient with serious injuries in a “mass 
casualties” situation is left aside to die without treatment, and definitely contrary to 
the beneficence principle, the thought that this choice is based on the duty of the 
doctor to save the largest number of people should reduce the moral burden. In an 
austere and hostile environment, the principle of effective use of limited resources 
for the best interest of the largest number of casualties may take priority with respect 
to the individual beneficence.

The application of the above-discussed ethical principles to the triage process, in 
particular in critical conditions, is a stressful and not-desirable job and is rarely 
straightforward. The application of rigid guidelines taking into account objective 
measures (heart rate, respiratory rate, saturation, trauma scores …) may help the 
triage officer to overcome the feeling of guilt and responsibility by objectifying 
what is, at the end, a personal judgement. On the other hand, the abuse of score 
systems based on general statistics [6], albeit advanced, does not seem fully justified 
on the basis that scores derived from regression analysis are for their very nature 
quite limited and usually apply only on the “average” patient, who does not exist in 
the real world. Deciding on the life or death of a patient only on the basis of a sterile 
calculation is not acceptable. As a consequence, the clinical prioritisation must be a 
human process that considers all the variables including personal experience, clini-
cal acumen and patient’s expectations. The triage officer, being him or her a doctor, 
a nurse or a paramedic, must be supported and debriefed as needed, and the triage 
choices must be periodically audited along with their outcomes using as standards 
not only the clinical results (mortality, morbidity, rescue rate …) but also, when 
possible, patients’ satisfaction in relation to their expectations and beliefs.
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25.3  Informed Consent

Consent, noun: “Voluntary agreement to or acquiescence in what another proposes 
or desires; compliance, concurrence, permission” [7].

Obtaining consent is a vital component of any medical intervention. It empowers 
the patient to make autonomous decisions regarding their care and simultaneously 
helps to protect doctors from accusations of assault and/or battery. This section 
begins by highlighting the requirements for consent to be valid, the principles upon 
which consent is founded, and how consent should be obtained. It goes on to 
describe common issues regarding consent that present themselves in surgical emer-
gencies and how these might be addressed. Finally, a case will be explored that 
presents a working example of how to address these issues. Situations in paediatrics 
are outside the scope of this textbook and shall therefore be excluded. Due to the 
variation in legal policies in different countries, certain law-based options (for 
example, power of attorney, advance decisions) will also be excluded. In these 
cases, it is the duty of the doctor to know the law in their country of practice and act 
within its remits.

For consent to be valid, it must be informed, competent and voluntary [1]. By 
“informed”, we mean the relevant information that a patient must have available to 
be able to adequately weigh up the pros and cons of the intervention in the context 
of their personal situation and feelings. In the case of emergency surgery, this will 
include (but may not be limited to) the nature of the operation—what it stands to 
achieve and the intended benefits, along with the associated risks; the benefits and 
risks of providing no intervention; and the benefits and risks of alternative interven-
tions, should they exist. To be “competent”, the patient must have the capacity to 
make the decision at hand. To have capacity, the patient must be able to [8]:

 1. Understand the information relevant to the decision
 2. Retain that information
 3. Use or weigh that information as part of the decision-making process
 4. Communicate that decision by any means

To be “voluntary”, the patient must willingly make the decision without duress 
or undue influence. Examples of where these requirements may fail to be met are 
covered later in this section.

Consent is based on the principles of respect for autonomy and beneficence [9]. 
As per Kantian philosophy, an autonomous person is an end in themselves; they are 
not to be merely treated as a means to an end for others and are free to determine 
their own paths [10]. Thus, in a medical context, the accepted protocol is to follow 
the wishes of the patient, with the burden of moral proof on the physician attempt-
ing to circumvent said wishes. This extends the patient the right to choose treatment 
from a list of available options (including no treatment) but does not give the patient 
the right to demand a treatment if that treatment would not otherwise be offered 
under the circumstances. We can see that to do so would be against this Kantian 
principle; the doctor has a duty of care to the patient (see beneficence below) but 
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cannot be used as a means to provide medical care that does not meet (nor actively 
go against) this duty. This ties in with beneficence, which is itself built on the fol-
lowing four sub-principles:

 1. Do not cause harm.
 2. Prevent harm.
 3. Remove harm.
 4. Do or promote good.

It is arguable whether the final principle here implies a duty or an ideal. It is also 
argued whether these principles should follow this particular hierarchy, following 
the centuries-old battle between deontological and utilitarian principles. Realistically, 
harm is often done to some extent in surgery; patients will experience pain, may 
have scarring and may lose the function of a particular structure or organ. For exam-
ple, to remove a ruptured appendix would be to prioritise (3) over (1). As surgeons, 
the priorities between the above sub-principles, as well as the respect for autonomy, 
must be balanced to create an overall net positive of good over harm. In general, the 
ideals set out in the Nuremberg code can set an acceptable base standard (see 
below). While this would normally relate to principles of medical research, it pro-
vides a nice summary: “The degree of risk to be taken should never exceed that 
determined by the humanitarian importance of the problem to be solved” [9].

Who should obtain informed consent? Theoretically, this can be anyone who 
possesses the thorough understanding required to fully explain the procedure, 
intended benefits, risks and all other elements a patient needs to be able to make an 
informed decision. Practically, this would most likely mean the surgeon due to per-
form the procedure, or a more junior doctor that has received the training necessary 
to fulfil the above requirements. This could be in the form of official training, or on 
an ad hoc basis by witnessing the consenting process delivered by a competent indi-
vidual enough times to be able to deliver the information themselves. Caution 
should be exercised in this latter case, and it would be advisable for the junior to be 
supervised in their earlier efforts to ensure that acceptable standards are met.

The first issues we consider relate to a series of scenarios in which a patient is 
unable to demonstrate capacity, thus resulting in a failure to meet the informed and/
or competent criteria for valid consent. This may be due to learning disability, delir-
ium, lack of consciousness or any other situation that results in a lack of capacity. 
The first option explored should be whether capacity can be restored. If interven-
tions can be feasibly delayed until, for example, the cause of a delirium has been 
reversed, this provides an ideal platform for retaining autonomy. Of course, this in 
itself requires treatment decisions to be made on behalf of the patient; however, in 
instances where these treatments are more conservative in nature, with fewer or less 
severe risks, they can be considered the more appropriate option. In the absence of 
any pre-existing personal legal documentation or directives that may exist in the 
doctor’s country or state of practice, the next option is to act in the “best interests” 
of the patient. Where possible, this should involve knowledge of the patient’s prior 
wishes. Exploration of previously expressed wishes or knowledge of personal 
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beliefs is vital, be it through the doctor’s long-standing history with the patient, 
discussions with next of kin or carers or previously documented conversations with 
other healthcare workers. Insight into past wishes can provide guidance into patient- 
specific management ideals. Caution should be exercised at times; relatives and 
those close to the patient can have ulterior motives and may therefore portray senti-
ments that do not echo those of the patient. As a general rule, if interventions are 
likely to be successful with an acceptable post-intervention quality of life, and there 
is no definitive evidence that the patient’s wishes would be otherwise, doctors 
should act to preserve life. Where it is not possible to ascertain the previous wishes 
of the patient, the patient’s clinical condition, feasibility of surgery, likelihood of 
recovery and potential quality of life post-surgery should be considered and weighed 
up in the decision-making process.

Ulterior motives of next of kin link to duress, another potential issue that can 
arise in consent. As stated previously, consent must be given voluntarily. Fear or 
pressure from outside factors can lead to verbalisation of consent (or declining treat-
ment) without its internal expression, thus rendering the consent non-voluntary. 
Instances like this are rare, but doctors must be vigilant and investigate any signs or 
suspicions that the consent or declining of treatment has been given 
non-voluntarily.

In summary, valid consent must be informed, competent and voluntary, and it is 
the duty of the doctor to ensure that these criteria are met. In certain cases, particu-
larly pertinent to emergency surgery, barriers can arise that prevent any combination 
of these three requirements from being achieved. In these cases, if no personal legal 
orders have been established that provide clear insight into the patient’s wishes, 
there must be an exploration of the “best interests” of the patient. This must factor 
in a number of criteria, including but not limited to likelihood of success, potential 
harms, post-intervention quality of life and any knowledge available about the 
patient’s personal feelings, for example from family members. Where the latter is 
unclear or uncertain, doctors have a duty to act to preserve life. This section will 
now finish with a worked example that highlights some potential issues in clinical 
context.

Consider the following case:
Ms. Smith is a 54-year-old Jehovah’s Witness who presents in need of emergency 

surgery. She demonstrates capacity and consents to surgery but declines blood 
transfusion under any circumstances. During the surgery, she suffers significant 
blood loss, which will be fatal if she does not undergo transfusion.

In this case, we have a clear example of a patient exercising their autonomy. Ms. 
Smith has the capacity and the right to refuse transfusion on any grounds, in this 
case religious. Doctors should seek to avoid paternalism wherever possible, and a 
disagreement in the reasoning behind a decision to forgo or choose a less effective 
treatment (provided that the patient has capacity) is not a reason to overrule an 
autonomous decision. Although Ms. Smith will likely die due to her refusal of trans-
fusion, she should have been presented with this potential situation during the con-
senting process and therefore the choice ultimately lies with her. She has weighed 
and considered the harm of receiving a blood transfusion to be greater than the harm 
of death. Now, consider the following alteration:
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Ms. Lee is a 54-year-old woman who presents unconscious in need of emergency 
surgery. It is believed that chances of a successful surgery are high and that she will 
suffer few long-term side effects. Her partner does not provide consent by proxy, 
stating that Ms. Lee would reject surgery on religious grounds.

Here, the conundrum becomes more nuanced. While the previous case provided 
us with a clear autonomous decision made by the patient, Ms. Lee, unable to con-
sent on her own behalf, requires a decision be made in her best interests. Assuming 
that she will not regain capacity before surgery is required, and that there is insuf-
ficient time to consult the courts or follow any other legal protocol in the country in 
question, the decision must fall to the doctors, who must use whatever information 
is available to them. While her partner is able to provide some information, the situ-
ation puts at risk the life of a patient that would otherwise make a full recovery. 
Importantly, there is a lack of definitive proof of Ms. Lee’s treatment preference; 
therefore, the following four options arise:

 1. Treat the partner’s information as false and proceed with surgery. The partner’s 
information was incorrect, and the life of the patient has been rightly saved.

 2. Treat the partner’s information as false, and proceed with surgery. The partner’s 
information was correct, and the patient has undergone a treatment that they 
would have fundamentally rejected on religious grounds if they had had the 
capacity.

 3. Treat the partner’s information as true, and do not proceed. The partner’s infor-
mation was false, and the patient dies unnecessarily.

 4. Treat the partner’s information as true, and do not proceed. The partner’s infor-
mation was true, and the patient did not receive treatment they would have oth-
erwise declined.

This presents two decisions that were “correct”, and two that were “incorrect”, 
based on the validity of the partner’s information. Although in this case consent by 
proxy is sought, the balance of harms must be weighed. Is it more harmful to allow 
a patient to die if they should otherwise have lived than to save a life that should 
otherwise have died? Again, this has the potential for paternalistic viewpoints; as 
mentioned above in Ms. Smith’s case, a patient with capacity judged a particular 
life-saving treatment to be more harmful than death. Thus, harms alone cannot settle 
this issue. Ultimately, it is the facts that must be used to settle the case. All informa-
tion provided regarding the patient’s possible refusal of a surgery is hearsay. In the 
absence of clear evidence that this patient would indeed refuse surgery that would 
be considered to be in the best interests of the majority of patients in the same posi-
tion, the surgery should be performed.

25.3.1 Jehovah’s Witnesses and Blood Transfusions

The case of Jehovah’s Witnesses represents a particular application of the informed 
consent process and raises several ethical and legal considerations that must be well 
known to emergency surgeons.
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Jehovah’s Witnesses (JWs) refuse transfusions of blood and its derivates on the 
basis of four paragraphs from the Bible:

 1. Every living and moving thing will be food for you; I give them all to you as 
before I gave you all green things. But flesh with the life-blood in it you may not 
take for food. (Gen 9:3,4)

 2. If any man of Israel, or any other living among them, takes any sort of blood for 
food, my wrath will be turned against that man and he will be cut off from among 
his people. For the life of the flesh is in its blood; and I have given it to you on 
the altar to take away your sin: for it is the blood which makes free from sin 
because of the life in it. For this reason I have said to the children of Israel, No 
man among you, or any others living with you, may take blood as food. (Lev 
17:10,12)

 3. For it seemed good to the Holy Spirit and to us, to put on you nothing more than 
these necessary things; to keep from things offered to false gods, and from blood, 
and from things put to death in ways which are against the law, and from the evil 
desires of the body; if you keep yourselves from these, you will do well. May you 
be happy. (Act 15:28,29)

 4. But as to the Gentiles who have the faith, we sent a letter, giving our decision 
that they were to keep themselves from offerings made to false gods, and from 
blood, and from the flesh of animals put to death in ways against the law, and 
from the evil desires of the body. (Act 21:25)

As a general rule, JWs refuse blood transfusion and blood products, often even 
when it is their own blood (pre-deposit autologous blood donation), under the prin-
ciple that the blood circulation should not be interrupted in any way. Therefore, most 
of them also refuse cell salvage unless there is direct reinfusion without blood stor-
age. This is a very sensible matter for JWs as their acceptance of transfusions, even 
as a life-saving procedure, may lead to expulsion or exclusion from their own com-
munity. “Accepting a blood transfusion willingly and without regret is seen as a sin. 
The JW concerned would no longer be regarded as one of JWs” [11]. In 2000, the JW 
Church decided that they would no longer take action against a member who accepts 
a transfusion [11], but the influence of the community is very strong, and JWs often 
fear the ostracism of their community more than the possible negative consequences 
for their own health. On the other hand, receiving a transfusion against their will is 
not considered a sin and is not cause of exclusion. Usually, JWs carry with them a 
specific advance directive (the so-called “no-blood card”) to inform the treating 
emergency doctor of their will to refuse any blood or blood product.

However, a minority of JWs may still accept transfusions or reinfusion of blood 
for themselves and their children in very special circumstances and may also accept 
infusion of blood products and use of cell saver. It is therefore crucial that the prac-
titioner (i.e. the emergency physician or surgeon) takes into account the view of 
each individual JW with a direct, thorough and documented discussion when pos-
sible or takes into account advance directives or the opinion of those who have 
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power of attorney. In the case of an incompetent patient (i.e. the one who is not able 
to understand, retain and use the information given by the doctor and is not able to 
communicate his or her decision), the opinion of family and friends should be taken 
into account, but it is not legally binding. On the contrary, the “no-blood card” is 
legally binding to the doctor but also releases him or her from any liability in case 
of a negative clinical outcome due to their decision. It is still unclear if a previously 
communicated decision of the patient—which is different from a formal advance 
directive—should be considered valid under any circumstances in the future, but 
previous decisions should not be taken for granted considering the patient’s freedom 
to change their mind at any time. Similarly, the fact that a patient is a JW must not—
under any circumstance—mean that he or she refuses blood and blood product 
unless this is not clearly stated by the patient himself or herself or by an advance 
directive. Administering blood or blood products—even as a life-saving decision—
to a competent JW who has clearly stated his or her refusal may be considered an 
assault and could lead to criminal proceedings on the ground of violation of indi-
vidual freedom [11]. On the contrary, in the case of a non-competent patient who 
needs a transfusion, in the absence of an advance directive or any other direct and 
clear statement, the decision stays with the treating doctor who may seek the opin-
ion of family and friends. However, in most countries, this opinion is not binding. 
Knowing that a patient was a JW, but without an advance directive, does not bind 
the doctor to not transfuse. However, in such cases, if the transfusion is mandatory 
to save the patient’s life, it would be advisable to seek a second opinion by a senior 
colleague or a court order. A strict and frank communication with the family is also 
mandatory to prevent legal issues.

Much more difficult is the case of children whose parents refuse transfusions for 
them on the bases of their parental authority. In these cases, the treating doctor has 
different options, but always bearing in mind that the best interest of a child is para-
mount in all decisions regarding them. In elective conditions, for example when 
offering and discussing a surgical operation where transfusions may likely be 
required (i.e. liver transplant or cardiac surgery), the doctor may agree with the 
parents not to use blood at all, despite posing a possible threat to the young patient, 
or they may agree to use blood only under special and critical circumstances or the 
doctor may decide to transfer the patient under another surgeon who may be willing 
to perform the operation without blood transfusion. In emergency, if no agreement 
can be found with the parents, it is advisable that the doctor seeks a court order 
authorising the transfusion. In the United Kingdom, this is regulated by the Children 
Act 1989. In some countries (in particular the United Kingdom, Australia, Canada 
and New Zealand), children over the age of 12 years who are mature enough to 
decide for themselves (so-called Gillick competent) may accept or refuse a medical 
treatment [12]. However, unlike adults, the decision of a child is not absolute and 
can be overruled by a court order.

Where appropriate and timely, it may be useful to contact the local JW Hospital 
Liaison Committee for a frank and overt discussion, but bearing in mind the prin-
ciples hereby exposed.
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25.4  Palliative Care

Palliative care is a branch of medical healthcare that aims to relieve symptomatic 
suffering in individuals that are nearing death or who are suffering from complex, 
debilitating illnesses. It does so by taking into consideration the patient’s cultural, 
ethical and religious views to support a joint treatment plan to improve their quality 
of life. It is based on the four fundamental principles of bioethics: autonomy, benefi-
cence, nonmaleficence and justice. Research in palliative care is more prevalent in 
medical settings and has been shown to be effective in improving symptomatic 
relief and providing treatment in alignment with patient preferences; very little has 
been researched within surgical settings [13]. Palliative surgery is regarded as such 
if the operation’s primary aim is to provide symptomatic relief and improved quality 
of life caused by advancing disease or malignancy and not for curative intent [14]. 
Palliative surgery is also used to support and enable the delivery of non-surgical 
palliative treatment. There are many distinctive ethical issues, based around the four 
pillars of bioethics, that arise for surgeons when dealing with palliative surgery. 
These are discussed below and summarised in Table 25.1.

Physical and psychological vulnerability in palliative patients may impact the 
ability to gain informed consent, or for patients to weigh the options and make a 
decision. Informed consent in this patient group may require multiple discussions, 
and often breaks may need to be taken because of fatigue or confusion. Additionally, 
the patient may be under a range of influences, which may affect judgement such as 
pain, opiates, biochemical imbalances or pre-existing mental health issues [15]. A 
surgical procedure comes with potential morbidity and mortality and may exacer-
bate the patient’s condition. Risks associated with carrying out an intervention and 
the impact they may have on the patient need to be carefully considered when dis-
cussing treatment options. This is less of an issue when palliative treatment is medi-
cal or pharmacological as the outcome does not affect morbidity in the same way 
that post-operative complications might [16]. Recovery from palliative surgery may 

Table 25.1 Ethical issues encountered in palliative surgery. A list of the main issues encountered 
in palliative surgery by clinicians, divided based on the main principles of bioethics

Autonomy Beneficence and nonmaleficence
Justice and medical 
fidelity

   • Patients’ vulnerability 
may affect the ability to 
understand and retain 
information

   • Patients’ health can 
deteriorate rapidly

   • Patients’ expectations 
of the surgical outcomes 
from the palliative 
operation may differ 
from reality

   • Patients may feel 
pressure from loved ones

   • An intervention for 
symptomatic relief may lead to 
unintended harm in the form of 
post-operative complications

   • An intervention, even if 
successful, may lead to a lower 
baseline than the one pre- 
operation and lead to worsening 
outcomes and a longer recovery 
period

   • It may be difficult to 
determine patient 
wishes on knowing 
about their disease 
progression and 
prognosis

   • It may be difficult to 
balance limited 
resources and palliative 
treatment that proves to 
be futile
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lead to a loss of decision-making ability or capacity based on the procedure out-
come, which makes informed consent more challenging.

An added challenge when offering palliative surgery in the context of patient 
autonomy involves determining how and up until which point the consent is valid if 
deterioration prior to surgery occurs. What should be done if the patient loses capac-
ity and is no longer able to make the relevant decision? Who is supporting the 
patient at home, and will they make the right decisions for their loved one if bur-
dened by grief? Advance care planning empowers patients to make decisions about 
management—this may well include decisions to refuse surgical intervention. 
Countries have different legal documents that fall within this category; in the United 
States they are called “advance directives”, while in the United Kingdom they are 
classed as “advance decisions” (or “living will”). The crux is however the same: 
they are legally binding documents where individuals can record their refusal of 
treatment. The issue with these documents is that for them to be valid, specific treat-
ment and interventions need to be recorded. However, the extent of what is and is 
not available may (a) change with time and with the clinical status of the patient and 
(b) the individual itself may change their mind as they reach the end of their life 
[17]. It is therefore pivotal to have a multidisciplinary team discussing this with pal-
liative patients alongside with their next of kin and family members. It is imperative 
that the latter are involved by the clinician in the discussion, during the decision 
process or once the decision has been made based on what the patient prefers. This 
is to ensure that they are aware of what their loved one wants and to avoid patients 
feeling pressured by their families, which often occurs in the palliative care setting 
[18]. Families face numerous stressors including impending loss, grief, being avail-
able to offer support to their loved one and, if involved in their care, having the 
responsibility to make critical decisions that may impact their prognosis. They are 
often an incredible source of support for the patient but, due to the burden they 
carry, family disputes may arise [19]. Conflict needs to be carefully balanced by the 
clinician involved in the decision-making, as it could delay important treatment that 
can improve the patient’s quality of life. Avoiding conflict altogether is unrealistic. 
Conversations focused on communicating the needs and concerns of all parties may 
mitigate the development of disputes and should focus on making sure that the 
patient retains their autonomy.

Lastly, patient’s expectations of the surgical outcomes from palliative interven-
tions may differ from reality. The relative success of a palliative intervention—
whether it is to provide symptomatic relief or allow for further palliative 
treatment—may differ between the healthcare provider and the patient. If this dis-
parity exists, why does the patient feel that their health needs have not been met? 
Has the operation minimised the burden of the disease the patient is suffering from 
[20]? Various external factors may lead to this situation: misinformation fuelled by 
hope from family members, poor communication between the professional and the 
patient on the possible surgical outcomes of the intervention and unrealistic expec-
tations of how the intervention may affect their prognosis [21]. At the crux of this 
lies, once again, the importance of communicating and clearly explaining, when 
gaining consent, the expectations the surgeon has if the operation proves successful. 
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This will mitigate the risk of the patient expecting more or expecting the interven-
tion to completely treat their illness and ensure that autonomy is maintained when a 
decision is made.

The main considerations when providing palliative surgery to patients should be 
focused on beneficence and nonmaleficence. The principle of beneficence focuses on 
relieving symptoms that impair the patient’s quality of life. The patient’s best interest 
is at the heart of decision-making, and this is even more critical when dealing with a 
palliative intervention that may lead to unintended post-operative complications that 
may cause significant morbidity. This ties in with the principle of nonmaleficence, 
which is the duty to cause no harm and, in palliative care, is focused on relieving 
symptoms that are causing harm to the patient. Conversely, careful consideration has 
to be held from an anaesthetic, physiotherapy and nutrition point of view if an opera-
tion aimed to relieve pain and other symptoms ends up leading to a lower baseline for 
the patient and therefore ends up causing further harm. Additionally, in contrast with 
the decline that chronic patients experience when receiving medical treatment for 
palliation, acutely ill palliative patients who may need interventional stenting or sur-
gical treatment may acutely deteriorate [22]. When complications arise following 
these interventions in individuals who are already clinically compromised, the previ-
ous treatment plans and patient preferences may no longer be feasible. Crucially, 
palliative surgery needs to be discussed in the context of patients having prognostic 
understanding and that interventions may change or not be carried out if the best pos-
sible outcome is no longer consistent with the quality of life they were hoping for 
[22]. This can be difficult for surgeons as providing accurate information on out-
comes and prognosis is often dependent on whether a palliative intervention can be 
carried out. In surgical relief of bowel obstruction, for example, medical manage-
ment would be unable to completely relieve symptoms of nausea and vomiting, and 
long-term nasogastric aspiration may lead to discomfort that the patient may not 
want [15]. If intervention is possible, what are the burdens and the benefits of the 
operation and how do these apply specifically to the patient you are treating? The 
decision to carry out palliative surgery is patient centred—an individual’s view of 
what would benefit their palliative condition might be completely different from 
another patient who is suffering with the same ailment but has different goals. This 
links back to the principle of autonomy and the need for advance care planning and 
establishing clear goals of care [23]. This is to assure not only autonomy but also that 
if a patient is unable to communicate their wishes in the future, no unnecessary harm 
and inappropriate treatment are provided.

Healthcare professionals have an obligation to advocate on behalf of their pallia-
tive patients to receive fair and appropriate treatment, in line with their wishes and 
beliefs. This can be difficult when patients request “futile care”, a term used to 
determine medical or surgical interventions that clinically would result in very little 
or no benefit to the palliative patient. Some ethicists believe that futile care in pallia-
tion is ethically unjustifiable [14]. They believe that treatment that is not providing 
any measurable benefit should be discontinued especially as allocation of resources 
available needs to be considered to avoid healthcare inequity [24]. Ethicists that 
support futile care ultimately place autonomy above all other bioethical principles 
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as their school of thought is underpinned by the overarching principle that it is the 
patient’s right to determine what is appropriate, and never solely the surgeon’s. If 
however futile care in palliative care is defined as treatment that is no longer benefit-
ing the patient, who defines when such benefit ends? If the patient feels temporary 
relief or hope because of the intervention, is it not beneficial [25]? Clinicians need 
to have frank and open conversation with patients and explain the medical reasoning 
behind why interventions may not be medically appropriate or beneficial. Although 
a medical professional does not have to provide futile care that they believe to be 
immoral, they have an obligation for continued care, and involvement of other 
healthcare professionals and members of the multidisciplinary team may be needed 
in order for a decision to be made [14].

Justice goes hand in hand with the principle of medical fidelity, which mandates 
to approach patients with honesty and candour. It can often be difficult to determine 
how much patients wish to know when it comes to diagnosis and prognosis. Having 
effective patient-centred communication skills is essential to determine an individ-
ual’s preference in order to then act accordingly. However, appropriate treatment 
prognosis can help the patient make autonomous decisions on their medical care, 
and a fine balance needs to be struck between sharing information that is medically 
necessary and withholding aspects of the disease in line with patient wishes.

In summary, when considering palliative surgery in patients, alongside applying 
principles of autonomy, beneficence, nonmaleficence, justice and medical fidelity 
lies the importance of open, frequent communication with the patient and their sup-
port system. By understanding our patient’s cultural, religious and ethical views and 
understanding what is important to them, surgeons can provide ethical, high-quality 
end-of-life care.

25.5  Surgical Training

Patient-centred care, whereby patient choice and preferences are taken into consid-
eration when discussing management options, is further integrating itself within 
healthcare systems around the world. Concerns are arising on the impact this could 
be having on surgical trainees, as patients may not feel comfortable being operated 
on by someone who is still learning [26]. This is especially prevalent in emergency 
surgery, where patients are clinically unwell and may require time-critical surgical 
intervention.

On the other hand, “you cannot learn to play the piano by going to concerts”, and 
surgical trainees (and junior surgeons) must be allowed to perform operations by 
themselves under their own responsibility. The dilemma between the rights of the 
young surgeon to learn and the obligation to provide the best possible care to the 
patient can be resolved within an effective learning environment where both teach-
ing and patient safety are paramount to the whole healthcare system. The crucial 
step is the one of “supervision” or “supervised self-education” where the trainee 
acquires his or her own competence and the supervisor guarantees safety and qual-
ity of the care provided [27].
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A qualitative study carried out in Canada reported that surgical trainees, when 
consenting patients for surgery, were vague when discussing their specific role within 
the operating theatre [28]. Patient autonomy, a key component in the relationship 
between a surgeon and the patient, would be, in this case, compromised. The study 
reported that trainees felt that there was a lack of understanding from the general 
public on the training pathway. An increase in patient education on the training path-
way may allow for better informed consent. Surgeons have legal and ethical obliga-
tions to disclose benefits, risks and alternative non-surgical treatments to patients. 
This should include information on trainee participation. However, patients were less 
likely to consent to a trainee assisting and operating, limiting their surgical exposure 
and having an impact on their training [28]. In order to avoid this, a clear discussion 
with the patient needs to be had by both the trainee and their senior. Independence 
provided to trainees by supervising surgeons is only done so once competencies have 
been demonstrated. This framework allows for trainees to progress to being safe 
surgeons and practitioners. Excluding surgeons in training comes with the risk of 
decreasing the ability and experience of trainees, which in turn could affect the qual-
ity of surgical care provided in the long term. Surgical training across the world 
largely involves increasing responsibility and independence as trainees progress and 
develop their clinical skills. The training pathway has to be respected, and trainees 
need to be given opportunities for continued development, but this has to be balanced 
with respect for the autonomy of the patient. Additionally, complete disclosure on the 
role of the trainee in surgery during the consent process may not always be possible 
as often the trainee’s specific role is not established until the operation has begun. 
This has, in instances, led to “ghost” surgery, where the operation is carried out by an 
individual other than the one disclosed to the patient [29]. A handful of “ghost” sur-
gery cases in the United States have led to malpractice suits. In countries where there 
is not a nationally funded healthcare system and patients are required to pay, such as 
in the United States, a patient’s choice of surgeon is as important as the informed 
consent of the surgery [30]. In Perna v. Pirozzi (1983), for example, the patient had 
named only one surgeon while consenting. The operation had however been carried 
out by another professional, and the patient was given a cause of action for battery 
due to unconsented touching. The Supreme Court ruled that battery had occurred as 
the operation had been performed by another doctor other than the one that was 
agreed on with the patient [31]. This is less common in countries where the health-
care system is government funded, like in the United Kingdom and most European 
Countries, where patients only pay for surgery if they go private. Trainees in this case 
have no clinical rotations or blocks of training within private institutions, and the risk 
of “ghost” surgery is minimal. When consenting patients, a list of possible complica-
tions is provided, so that patients are aware of the issues that may occur after the 
operation. Although none of them might happen, it is good clinical practice to pro-
vide insight into the most common so that the informed consent is valid. The same 
approach should be applied when discussing who might be assisting in the operation. 
Usually, the information given to the patient contains a statement that warns them 
that it cannot be guaranteed that a specific surgeon would perform the procedure, 
even if he or she represents the patient’s choice.
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Informed consent within emergency surgery is more challenging: there is an 
element of time constraint due to possible deterioration, emotional stress and 
acute pain, which may lead to decreased comprehension of the information relayed 
to gain consent [32]. In these cases, surgeons must balance obtaining informed 
consent and the consequences of delayed treatment and associated risks. Involving 
trainees and discussing their involvement with patients may further delay treat-
ment and would go against the primum non nocere credo, which the principles of 
nonmaleficence and beneficence originate from [33]. Where nonmaleficence aims 
to avoid the causation of harm, beneficence requires that every medical decision in 
a patient’s treatment plan which may benefit the patient is balanced against all 
possible risks and costs. When training surgeons, this also applies to trainees car-
rying out parts of operations that are appropriate for their level of training. If all 
clinical assessments and surgical management in emergency surgery were carried 
out by seniors, the risk of causing harm would be mitigated, but medical education 
would be negatively impacted. Trainees would take longer to complete their train-
ing and delay achieving all their requirements, and there would be a shortage of 
qualified professionals. For training to be successful, alongside keeping patient 
safety at the forefront of decision- making, all parties involved need to balance the 
principles of patient choice, nonmaleficence and beneficence and the importance 
of continued education and trainee development. Trainees and their mentors need 
to recognise the limits of one’s professional competence and surgical competence. 
Both are required in order to “do no harm” and can only be effectively learned and 
developed by doing [34]. While e-learning and simulation training in surgical set-
tings are effective to develop team communication and clinical acumen and 
improve patient safety, it falls short when it comes to operating [35]. This is espe-
cially true in the context of emergency surgery. A simulation of a surgical proce-
dure will take trainees through all the procedural steps allowing for safe, repeated 
practice. Although it closely mimics the clinical environment, ultimately trainees 
are aware that their actions will not harm the patient. This removes the opportunity 
for trainees to practise operating in time- sensitive situations such as emergency 
cases. The degree of inflammation and disease will vary based on the aetiology of 
the presentation and the patient’s clinical status at the time of operation. Simulation 
training, although a safe learning experience that should supplement initial train-
ing and learning, removes elements in emergency surgery that trainees need to be 
exposed to in order to develop their operating ability in time-critical and acute 
situations [36].

Ultimately, individual trainees and supervising seniors need to make a clinical 
judgement on when, if, how and on who trainees can operate while taking into con-
sideration patient autonomy and safety. This however cannot come at the expense of 
trainees; each patient has to be a case-by-case decision. Multiple factors will influ-
ence the decision: the clinical presentation, the degree of haemodynamic instability, 
the ability of the trainee, the type of operation, the extent of the disease and the 
number of seniors available. This will ensure that trainees can still develop their 
competencies and surgical ability within emergency surgery while maintaining 
patient care the number one priority.
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25.6  Medicolegal Issues and Guidelines

Medical malpractice claims are increasing all over the world. As the relationship 
between practitioner and patient evolves, so does the management of the malprac-
tice claim. Historically, the doctor–patient relationship was more personal than it is 
today. A family doctor in the past would know the patient, their past medical history 
and family history in much greater detail than any doctor can possibly hope to know 
today. This allowed doctors the time to provide treatment tailored to the patient, 
more individualised, and overall, care that was more holistic. However, with an 
increasing global population and subsequently increasing patient numbers, the doc-
tor–patient relationship has become more disjointed and impersonal. With the 
advent of rigid guidelines, this relationship has become even more strict and con-
tractual in nature with treatment less tailored to that of the individual patient and 
more focused on adhering to guidelines. This both suppresses personal relationships 
and supports the clinicians’ ability to make decisions regarding that patient that are 
less holistic than they once would have been [37].

Since their introduction in the second half of the twentieth century, clinical 
guidelines have become the benchmark to which each clinician is expected to 
uphold their care. Although formal guidelines rationalising modern medicine were 
introduced in the twentieth century, even in ancient Egypt, practitioners were held 
accountable to the written rules. They were punished for not obeying these rules, 
sometimes, regardless of the outcome of the patient [38]. The Romans treated medi-
cal malpractice claims under the same jurisdiction as deliberate physical assault. 
Medical practice was most often carried out by the father of the household (pater 
familias) [39]. The Romans introduced the term “contract” with respect to medical 
treatment, but this was only possible between “free men”, which was rare. After the 
Norman conquest of Britain in 1066, the English Common Law was established. 
Few sporadic cases were raised, but these had little effect on the overall practice of 
medicine [40]. As medicine evolved, it became more of a personal contract between 
the doctor and patient. Up until the eighteenth century, clinicians were largely pro-
tected from their malpractice mainly due to the lack of guidance and regulated stan-
dards [41].

Nowadays, in countries whose legal system derives from the Roman law (Codex 
Justinianeus), the legal action is managed by civil or criminal courts and is based on 
a fundamental set of rules, which are then applied to individual cases. Therefore, in 
those countries, medicolegal claims are benchmarked against established guidelines 
and regulations.

In the United Kingdom (and more generally in all the Commonwealth countries), 
a fundamental change came to the assessment of medical malpractice in 1957 after 
the “Bolam Case”. During the Bolam vs. Friern Hospital Management Committee, 
a patient suffered physical injuries during electro-convulsant therapy after they 
failed to request sedatives or restraints. The patient argued that they had not been 
warned of the physical risk without sedatives and so had not requested them. The 
medical team counter-argued that it was not customary to warn patients of very 
small risks and sometimes the presence of sedatives and restraints caused greater 
risk than their absence did. A “reasonable body of evidence” which at the time was 
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“a panel of average professionals of the same specialty” agreed with the medical 
team, but after this case, it was a requirement that “customary practice” also encom-
passes legal and acceptable standards [42]. In 1993, the assessment of medical mal-
practice evolved further after the “Bolitho vs. City and Hackney Health Authority 
case”. This case added causation to the criteria. This means that the error must have 
affected the outcome. In the Bolitho vs. City and Hackney Health Authority, a pae-
diatric registrar failed to attend a child with breathing difficulties because the batter-
ies in their bleep were low. The child later died. The clinician successfully argued 
that had batteries been working and the alert received, they would have attended the 
child but would not have intubated them and so the error did not cause the adverse 
outcome in this case [42]. Both the Bolam and Bolitho tests are applied by a panel 
of average professionals of the same specialty, thus creating a strong framework 
where the medical profession defends itself by introducing a bias related to personal 
ideas and customary practice even when guidelines and evidence may have sug-
gested differently [43]. Australia has rejected the Bolam test completely stating, “It 
is not the law that if all or most of the medical practitioners in Sydney habitually fail 
to take an available precaution to avoid foreseeable risk of injury to the patients that 
none can be found guilty of negligence” [44]. This viewpoint identifies and neatly 
summarises the inherent failings of the Bolam test in that it is fundamentally doctor 
centred. The Montgomery vs. Lanarkshire case in the United Kingdom also added 
that the quality of the information provided by the clinician should be judged by the 
patient and not the clinician [45]. The evolution of medical malpractice assessment 
in the United States has been similar to that of the United Kingdom. Initially derived 
from the UK system, and based upon “any act or omission by a physician during a 
treatment of a patient that deviates from accepted norms of practice in the medical 
community and causes an injury to the patient”, similar cases have also added the 
criteria that “any expert opinion” must be based on scientific evidence that is “sub-
jected to scientific peer review and published in scientific journals” [46]. Clearly, 
there is growing attention to the fact that the opinion of an “average professional” or 
a “panel of average professionals” may not be consistent with evidence and guide-
lines and can be biased towards customary practice.

It must be acknowledged, however, that guidelines may not always represent best 
practice and strongest evidence. Undoubtedly, they have multiple advantages and 
play a substantial role in modern healthcare, as they streamline health services, 
regulate treatments and improve equity across healthcare on the basis of “clinical 
evidence”, but the process of creating formal guidelines may be long and subject to 
bias [47]. Therefore, they can be easily criticised, and professionals may choose to 
act on the basis of their own experience and beliefs more than guidelines. Detractors 
of guidelines state that, by their own nature, guidelines are not specific to any case 
and apply to the “average” patient. An adaptation to the single specific case is there-
fore necessary.

On the contrary, sometimes guidelines can be too “advanced” with respect to 
customary practice, and professionals may decide to continue with their customary 
practice without considering new evidence and guidance. This happens in particular 
when doctors are too defensive and risk-averse. An obvious consequence of this 
attitude is a possible conflict in the court between the opinion of the average 

25 Ethical Issues in Emergency Surgery



360

professional or a panel of professionals (who may not follow the most recent guide-
lines) and a doctor who has followed the last evidence and guidance [42].

A specific example of where guidelines are different from common practice is in 
the surgical treatment of complicated acute diverticulitis when the medical treat-
ment fails. Historically, this would have been treated with the one-century-old 
Hartmann’s procedure. But an unacceptably high rate of these patients are never 
reversed and their long-term quality of life is severely affected, not to speak about 
the possible complications of the terminal stoma. The most up-to-date guidance 
advises that immediate anastomosis of the bowel does not carry increased risks and 
provides better outcomes for patients [48, 49]. Despite strong evidence and guide-
line, most surgeons will still carry out a Hartmann’s procedure, either for customary 
practice or for defensive medicine. It is speculated that this is due to a surgeon’s fear 
of an anastomotic leak, the like of which is heavily weighted, and although almost 
all surgeons will have a rate of anastomotic leaks, the such is still considered rela-
tively unacceptable in the general surgical community and among surgical peers. 
Therefore, surgeons would avoid following the guidelines due to the perceived risk 
of an adverse outcome.

Same inconsistence can be seen in the treatment of acute cholecystitis, where 
recent guidelines [50] suggest immediate cholecystectomy—or anyway during the 
same index admission—while most surgeons would prefer a conservative medical 
treatment and a delayed operation, probably fearing—against evidence—that an 
emergency procedure would be more difficult and risky.

This leads to the fact that in both cases, a “panel of average professionals of the 
specialty” would not agree with the clinician if they had instead followed the 
guidelines.

It is therefore crucial to find a compromise between customary practice and 
guidelines.

The late Prof. Sackett proposed that clinicians should work by “… integrating 
individual clinical expertise with the best available external clinical evidence from 
systematic research …” [51]. This creates a potential grey area where clinicians are 
able to escape the guidance and avoid those practices that they fear. However, those 
who deviate from the guidance must be able to prove that they did so with experi-
ence and based on their best judgement. They must also be able to explain and 
demonstrate their reasoning and evidence for such a deviation as well as demon-
strate causation by the Bolitho test.

Tebala et al. suggested that a more flexible approach be instated whereby the 
“experts” provide various acceptable options for the management of individual 
cases. These offerings may include examples that they do not agree with as indi-
vidual clinicians but are supported by rigorous and reliable studies or common 
sense [42]. Clinical decisions should be made based upon evidence, supported by 
the doctor’s experience and centred around the patient’s beliefs and expectations.

As guidelines play a greater and greater role in medical practice, it is important 
that we address the interaction between clinician and guidelines, understand how 
they are interpreted and address how they are applied to each clinical case, because 
correct interpretation and appropriate application are likely to improve patient care.
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25.7  Research

Experimentation on human subjects is a practice as old as medicine itself. From the 
Middle Ages, where corpses were exhumed and dissected publicly without the prior 
consent of the deceased nor their relatives [52], to more recent horrors such as the 
Tuskegee Study or the experiments led by Josef Mengele in Auschwitz and other 
concentration camps, medical research has a dark past. That said, medicine would 
not be where it is today without research, and thus ethical principles are required to 
govern the practice so that progress can be made without breaching human rights. 
This section will explore the principles that ethical research is built upon, using the 
infamous Tuskegee Experiment as an example of how accepted principles have 
been breached in the past.

25.7.1  Research in Comparison to Clinical Practice

The primary differences between clinical practice and research lie in the aims. In 
clinical practice, clinicians strive to deliver the treatment or intervention, which 
most closely matches the best interests of their individual patient at a particular 
time. Conflicts arise in determining these interests. In research, the participant may 
or may not benefit, or indeed may actively be harmed; the aim is to benefit all rele-
vant patients going forward. Conflicts therefore arise in balancing the interests of 
the patients against those of medical science, and therefore gains in knowledge and 
the progression of evidence-based medicine must be weighed against risks imposed 
upon participants.

25.7.2  The Tuskegee Experiment and Belmont Report

Consider the following case study [53, 54]:
The Tuskegee Study of Untreated Syphilis in the Negro Male, commonly referred 

to as the Tuskegee Experiment, was conducted between 1932 and 1972 by the United 
States Public Health Service and the Centers for Disease Control and Prevention. 
Three-hundred ninety-nine African-American participants with latent syphilis were 
recruited for a 6-month epidemiological study to research the progression of the 
disease. The researchers reasoned that harm was not being done in that the partici-
pants were unlikely ever to receive treatment for syphilis. Participants were recruited 
with the incentive that they would receive free medical care. This was untrue. 
Subjects were never informed of their diagnosis by the researchers (some discov-
ered it serendipitously) or the risks of transmission. The study ran long beyond the 
6 months initially stated to the participants, and they were denied access to penicil-
lin once it had been established as an effective treatment. By the end of the study in 
1972, only 74 of the participants were alive. Twenty-eight had died of syphilis, 100 
died of related complications, 40 of their wives had been infected and 19 of their 
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children were born with congenital syphilis. President Bill Clinton formally apolo-
gised on behalf of the United States in 1997.

This experiment was in part responsible for the Belmont Report, issued in 1978 
by the National Commission for the Protection of Human Subjects of Biomedical 
and Behavioral Research. It sets out three basic principles upon which medical 
research should be based [55]:

 1. Respect for persons: Treating people as autonomous agents and protecting those 
with diminished autonomy

 2. Beneficence: Adhering to the code “do not harm” and maximising possible ben-
efits while minimising possible harms

 3. Justice: Ensuring the fair and reasonable distribution of benefits and costs among 
participants without coercion or exploitation

It is clear that the Tuskegee Experiment would have failed all three of these cri-
teria. Participants were denied the right to leave the study, harms were not mini-
mised and participants were selected on an unjust basis and coerced with the false 
promise of certain benefits.

While the Belmont Report provides a brief outline of the ethical principles that 
should form the basis of medical research, more stringent criteria are required to 
further ensure that medical research occurs in as ethical a manner as possible. The 
remainder of this section explores these criteria, using the Tuskegee Experiment as 
a reference where appropriate.

25.7.3  The Nuremberg Code

The Nuremberg trials were a series of military tribunals conducted against high- 
ranking Nazi officials and industrialists at the end of World War II. The first of these 
was United States vs. Karl Brandt (Mengele himself had escaped to Argentina), 
otherwise known as the Doctor’s Trial, in which medical doctors were accused of 
human experimentation and murder under the guise of euthanasia. Using unwilling 
participants selected from the concentration camps, subjects were exposed to such 
heinous experiments as intravenous injection of petroleum, ingestion of various poi-
sons and infection with a range of viruses [9]. This led to the prescription of the 
Nuremberg Code, a set of research ethics and principles designed to govern the 
practice of human experimentation. This, together with the Belmont Report and 
Declaration of Helsinki, has formed the backbone of ethical regulation of clinical 
trials and research. The code can be found below [56]:

 1. The voluntary consent of the human subject is absolutely essential.
 2. The experiment should be such as to yield fruitful results for the good of soci-

ety, unprocurable by other methods or means of study, and not random and 
unnecessary in nature.
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 3. The experiment should be so designed and based on the results of animal exper-
imentation and a knowledge of the natural history of the disease or other prob-
lem under study that the anticipated results will justify the performance of the 
experiment.

 4. The experiment should be so conducted as to avoid all unnecessary physical 
and mental suffering and injury.

 5. No experiment should be conducted where there is an a priori reason to believe 
that death or disabling injury will occur, except, perhaps, in those experiments 
where the experimental physicians also serve as subjects.

 6. The degree of risk to be taken should never exceed that determined by the 
humanitarian importance of the problem to be solved by the experiment.

 7. Proper preparations should be made and adequate facilities provided to protect 
the experimental subject against even remote possibilities of injury, disability 
or death.

 8. The experiment should be conducted only by scientifically qualified persons. 
The highest degree of skill and care should be required through all stages of the 
experiment of those who conduct or engage in the experiment.

 9. During the course of the experiment, the human subject should be at liberty to 
bring the experiment to an end if he has reached the physical or mental state 
where continuation of the experiment seems to him to be impossible.

 10. During the course of the experiment, the scientist in charge must be prepared to 
terminate the experiment at any stage, if he has probable cause to believe, in the 
exercise of good faith, superior skill and careful judgement required of him, that 
a continuation of the experiment is likely to result in injury, disability or death 
to the experimental subject.

It does not take much analysis to see that almost every one of the ten points set 
out in the Nuremberg Code was breached by the Tuskegee Experiment. (1) With a 
lack of insight into the nature or duration of the experiment, consent could not be 
informed and therefore was not valid. (2, 3) Though the information garnered may 
have yielded some benefit for society, the results could undoubtedly have been 
obtained through other means, and there was a clear lack of knowledge of the pro-
gression of the disease, hence the need for the experiment in the first place. (4–7, 
10) These were clearly breached in a truly heinous manner, there was strong evi-
dence at the time that syphilis could cause harm and further harm was caused 
through the denial of access to treatment. The risk to life of participants and those 
that had the potential to transmit the disease to far outweighed any justifiable gains 
in knowledge. (9) Clearly, this was violated, up to and beyond the prescription of the 
Nuremberg Code, as participants were denied access to penicillin up until the 
study’s termination in 1972. (8) This was perhaps the only point of the code fol-
lowed, depending on the interpretation of “skill and care”. If this refers purely to the 
scientific method, and the need for it to be applied such that the experiment pro-
ceeds safely without the addition of unnecessary risk within the remit of the trial 
itself, then these criteria may be fulfilled; that is, though the trial itself constituted a 
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humanitarian abomination in its unnecessary risk, additional risks were not com-
pounded through the addition of people unqualified in their ability to run the 
experiment.

25.7.4  The Declaration of Helsinki

The Nuremberg Code provided a platform for ethical practice in research but did not 
address all necessary issues. For example, by demanding “voluntary consent” as an 
imperative, certain groups, collectively unable to demonstrate the capacity required 
to provide consent (children, patients with certain psychiatric conditions), would 
see a lack of progression in treatment. Thus, certain changes were required. The 
Declaration of Helsinki, first prescribed in 1964 and most recently updated in 2013, 
addressed some of these shortcomings. Due to its length, an abridged version, high-
lighting the major changes from the Nuremberg Code, is included below [57]:

25.7.4.1  General Principles
“The health of my patient will be my first consideration”, “A physician shall act in 
the patient’s best interest when providing medical care” and “While the primary 
purpose of medical research is to generate new knowledge, this goal can never take 
precedence over the rights and interests of individual research subjects”. This idea 
is not explicitly stated in the Nuremberg Code; the welfare of the patient is para-
mount, and a gain in knowledge should not be at their expense. As discussed earlier 
in this chapter, this essentially references the Kantian principle that an autonomous 
person is not a means to an end, but an end in themselves.

“No national or international ethical, legal or regulatory requirement should reduce or 
eliminate any of the protections for research subjects set forth in this Declaration”.

“Groups that are underrepresented in medical research should be provided appropriate 
access to participation in research”.

“Appropriate compensation and treatment for subjects who are harmed as a result of 
participating in research must be ensured”.

25.7.4.2  Risks, Burdens and Benefits
“In medical practice and in medical research, most interventions involve risks and 
burdens. Medical research involving human subjects may only be conducted if the 
importance of the objective outweighs the risks and burdens to the research sub-
jects”. This more explicitly states that not only must the benefits outweigh the risks, 
but it must also outweigh the risks and burdens imposed upon the participants, and 
therefore a large risk to a small number of people is not outweighed by a small ben-
efit to an entire population.

25.7.4.3  Vulnerable Groups and Individuals
“Some groups and individuals are particularly vulnerable and may have an increased like-
lihood of being wronged or of incurring additional harm. All vulnerable groups and indi-
viduals should receive specifically considered protection”.
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“Medical research with a vulnerable group is only justified if the research is responsive 
to the health needs or priorities of this group and the research cannot be carried out in a 
non-vulnerable group. In addition, this group should stand to benefit from the knowledge, 
practices or interventions that result from the research”.

25.7.4.4  Scientific Requirements and Research Protocols
“The design and performance of each research study involving human subjects must 
be clearly described and justified in a research protocol”. This includes a statement 
of the ethical considerations and the manner in which the principles in the 
Declaration of Helsinki have been addressed. It also requires information such as 
funding, affiliations, conflicts of interest, and incentives and compensation provided 
to subjects.

25.7.4.5  Research Ethics Committees
“The research protocol must be submitted for consideration, comment, guidance 
and approval to the concerned research ethics committee before the study begins”. 
This committee must be independent and transparent in its functioning. They main-
tain the right to monitor the study throughout its course and must be made aware of 
any changes in protocol.

25.7.4.6  Privacy and Confidentiality
“Every precaution must be taken to protect the privacy of research subjects and the confi-
dentiality of their personal information”.

25.7.4.7  Informed Consent
“Participation by individuals capable of giving informed consent as subjects in 
medical research must be voluntary”. Note the addition of the word “capable”, 
allowing as discussed for research to take place for the benefit of those that could 
not give consent. This research must not breach any of the other principles of the 
Declaration.

“For a potential research subject who is incapable of giving informed consent, the physi-
cian must seek informed consent from the legally authorised representative. These individu-
als must not be included in a research study that has no likelihood of benefit for them unless 
it is intended to promote the health of the group represented by the potential subject, the 
research cannot instead be performed with persons capable of providing informed consent, 
and the research entails only minimal risk and minimal burden”.

“Research involving subjects who are physically or mentally incapable of giving 
consent, for example, unconscious patients, may be done only if the physical or 
mental condition that prevents giving informed consent is a necessary characteris-
tic of the research group. In such circumstances the physician must seek informed 
consent from the legally authorised representative. If no such representative is 
available and if the research cannot be delayed, the study may proceed without 
informed consent provided that the specific reasons for involving subjects with a 
condition that renders them unable to give informed consent have been stated in the 
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research protocol and the study has been approved by a research ethics committee. 
Consent to remain in the research must be obtained as soon as possible from the 
subject or a legally authorised representative”. This latter point may be of particu-
lar relevance to emergency surgery, where patients may be incapacitated as a result 
of their clinical condition.

“For medical research using identifiable human material or data, such as 
research on material or data contained in biobanks or similar repositories, physi-
cians must seek informed consent for its collection, storage and/or reuse. There may 
be exceptional situations where consent would be impossible or impracticable to 
obtain for such research. In such situations the research may be done only after 
consideration and approval of a research ethics committee”. Again, this may hold 
particular relevance in emergency surgery, where specimens may be taken for 
research purposes. The most famous case of a breach of this principle is that of 
Henrietta Lacks, from whom a sample of cervical cancer was taken without her 
consent that would go on to become HeLa, the world’s first immortal cell line, 
which has been the subject of significant debate regarding consent, privacy and 
ownership of tissue [58].

25.7.4.8  Use of Placebo
“The benefits, risks, burdens and effectiveness of a new intervention must be tested 
against those of the best proven intervention(s), except in the following circum-
stances: Where no proven intervention exists, the use of placebo, or no intervention, 
is acceptable”. The intervention, therefore, should be weighed up against the cur-
rent best option available in order to determine its effectiveness such that it can be 
implemented in the future or discarded as appropriate. This, in combination with the 
welfare of the subject themselves being paramount, forms clinical equipoise, the 
genuine uncertainty within the scientific and medical community as to which of the 
two interventions is clinically superior, and thus the provision of either one is not 
deliberate harm.

25.7.4.9  Post-trial Provisions
“In advance of a clinical trial, sponsors, researchers and host country governments should 
make provisions for post-trial access for all participants who still need an intervention 
identified as beneficial in the trial. This information must also be disclosed to participants 
during the informed consent process”.

25.7.4.10  Research Registration and Publication 
and Dissemination of Results

“Researchers, authors, sponsors, editors and publishers all have ethical obliga-
tions with regard to the publication and dissemination of the results of research. 
Researchers have a duty to make publicly available the results of their research on 
human subjects and are accountable for the completeness and accuracy of their 
reports. All parties should adhere to accepted guidelines for ethical reporting. 
Negative and inconclusive as well as positive results must be published or otherwise 
made publicly available”. Ensuring documentation of not just benefits, but also 
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harms, or even a lack of difference in outcome, is vital. Failure, for example, to 
document an increased risk of death in a trialled surgical technique could result in 
the trial being repeated at a later date and participants coming to unnecessary harm.

25.7.4.11  Unproven Interventions in Clinical Practice
“In the treatment of an individual patient, where proven interventions do not exist 
or other known interventions have been ineffective, the physician, after seeking 
expert advice, with informed consent from the patient or a legally authorised repre-
sentative, may use an unproven intervention if in the physician’s judgement it offers 
hope of saving life, re-establishing health or alleviating suffering. This intervention 
should subsequently be made the object of research, designed to evaluate its safety 
and efficacy. In all cases, new information must be recorded and, where appropri-
ate, made publicly available”. Importantly here, the physician must judge the inter-
vention as having the potential to provide benefit, and that this benefit outweighs 
harms. This final principle does not provide a platform for random experimentation 
that serves no conceivable benefit, nor for a patient to demand such a treatment.

This too came into effect before the end of the Tuskegee Experiment. Perhaps the 
most relevant change to this study implemented by the Declaration was that it spe-
cifically stated that any greater good must not be at the expense of the trial partici-
pants, which as previously discussed was clearly breached by the study.

In conclusion, medical research is primarily different from clinical practice in 
that the participants are not necessarily the group intended to benefit. Ethical 
research should aim to maximise benefits while minimising harms, should cham-
pion autonomy and should not weigh the knowledge to be gained as being of greater 
value than the lives of the participants. Clinical equipoise helps to justify the need 
for and value of the research to take place, such that there is clear evidence that 
harms are neither intended nor suspected. The Belmont Report provides a brief 
outline of the principles upon which ethical research should be based, and the 
Declaration of Helsinki further details the requirements that must be met. In emer-
gency surgery, where lives arguably hang in the balance at a greater rate than other 
clinical fields, it is particularly important that these values are adhered to.
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