
*A companion article on etiology,
clinical presentation, and diag-
nosis of diaphragmatic hernia
begins on page 28.
aDr. Kelmer is now affiliated
with the University of Tennessee
College of Veterinary Medicine.

urgical repair of diaphragmatic hernia
(herniorrhaphy) in horses poses anesthetic
and surgical challenges that have con-

tributed to the poor prognosis generally associ-
ated with this condition.1–7 For example, severe
bilateral pneumothorax and ventilation inade-
quacy may cause life-threatening problems in
the immediate postoperative period. These
complications can be avoided or successfully
managed with a well-planned surgery and
intensive postoperative care and monitoring. As

evidenced by several reports
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describing successful surgical treatment of
diaphragmatic hernia in horses,8–22 the success
rate for surgical management of this condition
has improved. One reason for this improvement
is the use of special surgical approaches that
provide better access to lesions that are not
readily accessible via a routine ventral midline
approach. Furthermore, lateral thoracoscopy-
assisted thoracotomy may improve access to
lesions that commonly affect the dorsal aspect
of the diaphragm, thereby improving the surgi-
cal success rate. Thus although diaphragmatic
hernia repair is a challenging procedure in the
horse, with improved methods of diagnosis,
new surgical approaches, and intensive postop-
erative care and monitoring, it need not carry
the poor prognosis frequently mentioned in the
literature.2,4,6,23–25
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EXPLORATORY CELIOTOMY
Rarely is the diagnosis of diaphragmatic hernia

made preoperatively. In most cases, affected horses
present for evaluation of acute abdominal pain and the
diagnosis is made during exploratory celiotomy.9,10,14,17,

20,26–29 In several cases described in the literature, the
defect was inaccessible, giving the surgeon four
options: (1) euthanize the horse on the table, (2) repo-
sition the horse to make the lesion more accessible, (3)
recover the horse and attempt to repair the lesion
using a different approach, or (4) recover the horse
without repairing the diaphragmatic defect. Three
horses did well in the long term and engaged in ath-
letic activity without closure of the defect.10,15,28 In two
of the horses, there was no direct communication
between the abdomen and the thoracic cavities; one
horse had a pleuropericardial hernia and the other a
retrosternal (Morgagni) hernia.b These types of
diaphragmatic hernia reduce the likelihood of intraop-
erative and postoperative complications.15

CONSERVATIVE MANAGEMENT
As with other diseases that require surgical interven-

tion, there are reports of conservative management of
diaphragmatic hernia. For example, in one report,30 a
horse with diaphragmatic hernia involving the large
colon remained comfortable at pasture for 2 years but
was unable to exercise due to dyspnea and had occa-
sional bouts of abdominal discomfort. Eventually, the
horse was euthanized due to severe colic. We recently
encountered a similar situation with a mare that pre-
sented with acute colic and responded well to aggressive
medical management. Although diaphragmatic hernia
involving the large colon was diagnosed, surgery was not
an option. The mare was comfortable at pasture for 2
months and was then euthanized due to severe colic.
Given the outcome in these two cases, we recommend
surgery even in horses in which clinical signs have
resolved.

SURGICAL MANAGEMENT
Surgical intervention is the treatment of choice to

remove the abdominal viscera from the thorax, repair
the diaphragmatic defect, and, when indicated, perform
intestinal resection and anastomosis.7 In some cases, the
diaphragmatic defect is repaired at a later date, often
using a different surgical approach.

Timing of Surgical Repair
Delayed (4 to 12 weeks) hernia repair in horses is

advocated for incisional and traumatic body-wall her-
nias.31 The goal of delaying the repair is to allow fibrous
tissue to form at the margins of the defect. Compared
with frayed, friable, fresh hernial borders, mature hernial
borders increase the likelihood that sutures will hold the
tissue in position. For the same reason, it may be advan-
tageous to delay repair of large, fresh diaphragmatic
lesions.12,13,32,33 However, it has been reported that intes-
tine may become incarcerated in the thoracic cavity dur-
ing recovery from anesthesia when the defect is not
repaired at the time of diagnosis.9,c

In certain patients, such as a horse with a large, fresh
defect that is not showing significant clinical signs, delay-
ing the repair may be justified. In such cases, the horse
can be monitored closely for several weeks and then
undergo surgical repair.32 Ideally, the preoperative waiting
period should be spent at a surgical facility, enabling
immediate intervention if necessary. In contrast, small
diaphragmatic defects, even if fresh, should be closed
immediately due to the high risk for repeat small intes-
tinal incarceration.9 If surgical time for the initial
exploratory celiotomy is prolonged and the patient is
unstable under anesthesia, planning thoracotomy for her-
nia repair the next day may be the best course of action.d

Surgical Approaches
Several surgical approaches have been used for

diaphragmatic hernia repair,10,13,21,26,34 with many authors
advocating a cranioventral midline approach to provide
adequate visualization of and accessibility to the
lesion.4,8,10,19,27 In foals, the cranioventral midline
approach can provide adequate access to all aspects of
the diaphragm. However, in adult horses, this approach
provides excellent access to the central ventral aspect of
the diaphragm but very limited access to the dorsal
diaphragm. Slightly more than one-third (41 of 114) of
diaphragmatic hernia cases involved only the ventral
aspect of the diaphragm.e Thus, a cranioventral midline
celiotomy provides very limited access to and visibility
of most (>60%) diaphragmatic hernias in horses.

Several manipulations can improve the surgeon’s access
to a lesion when a cranioventral midline approach is
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bThe different types of equine abdominal hernia are described
in the companion article starting on page 28.

cFarnsworth K. Personal communication, Washington State
University, College of Veterinary Medicine, Pullman, WA, 2005.
dFischer Jr AT. Personal communication, Chino Valley Equine
Hospital, Chino, CA, 2005.
eThe distribution of diaphragmatic defects is described in the
companion article starting on page 28.
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used. Tilting the surgery table into a reverse Trendelen-
burg position (head up 30°) facilitates caudal displace-
ment of the viscera, thus improving visibility of the
diaphragm, especially its dorsal aspect.34 In addition, tilt-
ing the table laterad away from the affected side may
provide better access to a diaphragmatic defect.20,22

Extending the cranioventral midline incision 15 to 20
cm laterad and parallel to the last rib at the level of the
xiphoid process can increase accessibility to dorsal
diaphragmatic defects. This approach requires incising
the abdominal muscles and can result in significant
intraoperative hemorrhage.34 Exteriorizing the ascending
and descending colon onto a colon tray may also improve
accessibility to the diaphragm.28

A flank approach can be used to localize the lesion by
manual palpation, and the results of this surgery can be
used to determine how best to approach the lesion via
thoracotomy.13 An alternative approach involves thora-
coscopy, a technique that provides excellent visibility of
the diaphragm in standing and laterally recumbent
horses.21,35 Thoracoscopy has proven to be safe in healthy
horses and in diagnosing and treating thoracic lesions.21,36

Although the fenestrated mediastinum of the horse
makes bilateral pneumothorax a concern when thora-
coscopy is used,35,37 experience indicates that the con-
tralateral lung usually remains inflated during
thoracoscopic procedures.21,35 In theory, standing thora-
coscopy may be used to close a small dorsal diaphrag-
matic defect diagnosed during exploratory celiotomy.
Although thoracoscopy is the preferred technique for
diaphragmatic hernia repair in human patients,38,39 suc-
cessful diaphragmatic mesh repair using a thoracoscopic
approach has not been reported in horses.

A lateral thoracotomy via rib resection is recom-
mended for use in cattle with diaphragmatic her-
nia,32,40,41 and this approach provides good access to
dorsal diaphragmatic defects in horses.13,21,32 After the
defect has been localized by abdominal exploration,
palpation through a flank incision, laparoscopy, or tho-
racoscopy, the approach is made directly over the lesion.
Lateral thoracotomy was used in the first reported
description of diaphragmatic hernia repair in a horse26

as well as in two subsequent cases.13,21 Because more
than 60% of all diaphragmatic defects in horses are
located dorsally, a lateral thoracotomy would be suitable
in most cases.42,e In certain cases, an additional small
incision may be needed to allow an assistant’s hand to
be inserted into the thorax to aid in suturing the
defect.d
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• Conservative management of equine diaphragmatic
hernia commonly results in recurrence. Surgical repair
is the treatment of choice.

• Successful repair of diaphragmatic hernia can result
in a return to full reproductive and athletic potential.

• Although ventral midline celiotomy is the most
commonly reported and recommended approach for
diaphragmatic hernia repair, it does not provide the
visibility and accessibility crucial for successful repair
of common dorsal diaphragmatic defects.

• Lateral rib-resection thoracotomy provides direct
access to common dorsal diaphragmatic defects.
Thoracoscopy facilitates identification and removal of
the correct rib.

• According to the literature, diaphragmatic hernia
repair carries a guarded to poor prognosis; however, a
more favorable prognosis can be achieved with early
diagnosis, a lateral thoracotomy approach, and
intensive perioperative care.

Key Points

Reduction of Herniated Viscera
The first step in surgical correction of a diaphragmatic

hernia is reduction of the herniated abdominal contents,
which may be simple in some cases and challenging in
others.12,13,19,22,43 Difficulties are often encountered when
the large colon is involved.13,22,43 Tilting the surgery table
head up and laterad (away from the lesion) can be
invaluable in facilitating reduction.20,34 Massaging the
herniated intestinal loops and advancing their contents
into the abdomen reduces the weight of the involved
intestine and decreases the chances of tearing the intes-
tinal wall.18 Sections of large colon that are incarcerated
in the thorax and distended with gas should be decom-
pressed through the diaphragm before an attempt is
made to return them to the abdomen.13 In many cases,
the diaphragmatic defect must be enlarged to achieve
reduction without excessively compressing and damag-
ing the incarcerated intestine.10,11,17,20,29 To reduce the
likelihood of intestinal damage, the defect should be
extended cautiously, using a palm-protected scalpel
blade, a guarded fetotome, a bistoury knife, or scis-
sors.10,11,14,34 Care must be taken to avoid incising the
phrenic vessels, which can result in fatal hemorrhage.

After the herniated viscera have been returned to the
abdomen, they should be evaluated for viability. When
the large colon is involved (Figure 1), it is usually viable
due to the nonstrangulating nature of the lesion.8,12,20

However, one report described a horse with a strangu-
lated large colon that required resection and anastomo-
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sis.14 When the small intestine is incarcerated in the
thorax (Figure 2), it is typically strangulated, nonviable,
and in need of resection and anastomosis.7,10,17 If abdom-
inal repair of the diaphragmatic defect is planned, it
should be performed before intestinal resection and
anastomosis.17 Closing the diaphragmatic defect is often
challenging and may be the most difficult part of sur-
gery; thus this procedure should be performed before
investing time and effort in intestinal surgery.34

Hernia Repair
Hernia closure should always begin in the most inac-

cessible area, typically the most dorsal aspect of the
lesion, and advance toward the most accessible region.
Several techniques have been reported for repairing the
damaged diaphragm,8,9,12–14,16–18,22,44,45 some of which
include freshening of the hernia ring before closure to
facilitate healing.13,20 Diaphragmatic defects have been
closed directly using heavy (no. 1 or no. 2), synthetic
absorbable or nonabsorbable suture material (e.g., poly-
dioxanone, polyglactin 910, prolene) in a variety of
suture patterns, including simple interrupted, horizon-
tal, or vertical mattress.10,13,19,20,22,44 Other defects have
been repaired using a simple, continuous pattern aug-
mented with simple, interrupted sutures or divided into
several sections.8,12,14,17

Several techniques are reported to facilitate direct
suturing of defects and securing mesh in regions to

which access is limited, such as the dorsal diaphragm.
These techniques include starting the knot extracorpo-
really and sliding it down, preplacing the sutures, using a
loop suture to avoid the first knot, using double-armed
suture for preplacement, and using long-handled instru-
ments or staplers.13,14,16,18,28,d If closure of the defect
proves to be difficult, omentum, peritoneum, or trans-
verse abdominus muscle can be used.19,20

Large, friable, less accessible, or less pliable diaphrag-
matic defects can be closed with synthetic mesh (e.g.,
Marlex [C.R. Bard, Murray Hill, NJ]).9,16,18,45,46 Because
the mesh may contact intestine, use of either bioab-
sorbable mesh (e.g., Surgisis [Cook Medical, Blooming-
ton, IN]) or laminated mesh with a bioabsorbable layer
(e.g., Proceed [Ethicon, Piscataway, NJ]) on the exposed
side may be advantageous. If the mesh is placed against
the abdominal side of the defect, the viscera will press it
against the diaphragm and retain it in place. Because
application of mesh does not resolve the pneumothorax
created by communication of the thoracic and abdominal
cavities, omentum or a muscle flap can be used to cover
the mesh to hasten airtight sealing of the diaphragmatic
defect.4,33 Placing a 28- to 32-Fr polyvinyl chloride chest
tube before recovery from anesthesia is generally indi-
cated,4,33,34 especially when an airtight diaphragmatic seal
has not been achieved because mesh was used or the
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Figure 1. Postmortem photograph of an acquired
diaphragmatic hernia in a 10-year-old quarter horse
mare. The fresh margins of the tear in the diaphragm (small
arrows) and the ascending colon (horizontal arrow) can be seen
within the thoracic cavity adjacent to the lungs (vertical arrow).

Figure 2. Postmortem photograph showing small
intestine (vertical arrow) strangulated in a small
diaphragmatic defect (horizontal arrow).
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defect at the xiphoid region was not completely
closed.9,18,20 The chest tube is also necessary when pleural
effusion exists or is expected postoperatively.8,20,47

In humans, congenital diaphragmatic hernia containing
a hernial sac, or diaphragmatic eventration, has been
repaired by plication. Plication involves suturing the
diaphragm into folds to decrease its surface area. This pro-
cedure tightens the diaphragm without excising or incising
it and avoids the use of mesh and its inherent risks. Plica-
tion may prove to be useful in treatment of true diaphrag-
matic hernia, such as retrosternal (Morgagni) hernia, or
diverticulum, which are uncommon in horses.16,28,37

ANESTHETIC CONSIDERATIONS
Rapid systemic deterioration, impairment of ventila-

tion, or development of hypoxemia after induction,
positioning in dorsal recumbency, or opening the
abdominal cavity in a horse anesthetized for emergency
abdominal surgery should alert the anesthetist to the
possibility of diaphragmatic hernia.48

Anesthesia of a horse with a diaphragmatic hernia is
challenging. The difficulty of the procedure is directly
related to the volume of viscera in the thorax. Because
the caudal mediastinum is often fenestrated in horses,37,49

returning the herniated intestine to the abdomen may
cause bilateral pneumothorax and aggravate the already
compromised respiratory function.29,37,49 Respiratory
insufficiency, manifested by hypoxemia and hypercarbia,
develops rapidly, and frequent intraoperative arterial
blood gas monitoring is critical to evaluate ventilation
efficacy and adequacy of oxygenation.48,50,51 If a complete
hernial sac is present, as in cases of Morgagni diaphrag-
matic hernia, the horse should require far less respira-
tory support because the respiratory system is only
minimally affected.16,28

The anesthetist may also find it difficult to maintain
an adequate plane of anesthesia,50 and anesthesia-related
mortality is common among reported cases of attempted
diaphragmatic hernia repair.29,32,50,51 Diaphragmatic her-
nia poses two anesthetic problems: hypoventilation and
decreased oxygenation. Hypoventilation is a result of
lung compression by the abdominal viscera and the loss
of thoracic negative pressure required for lung inflation.
Oxygenation decreases due to alveolar collapse in the
atelectatic lung.52 Consequently, mechanical ventilation
and the use of 100% oxygen are essential during anes-
thesia for repair of diaphragmatic hernia.29,53 In a recent
report52 of anesthesia for correction of a diaphragmatic
hernia involving the large colon, ventilation proved dif-

ficult even with a controlled mechanical ventilator. Ven-
tilation and oxygenation improved only after the large
colon was removed from the thorax. Other authors have
reported that it is difficult to maintain horses with
diaphragmatic hernia under an adequate plane of anes-
thesia.50 Some affected horses deteriorate rapidly preop-
eratively or stop breathing after induction of anesthesia
or transition to dorsal recumbency. These changes are
most likely caused by increased pressure on the lungs by
the viscera.32,54 Some horses deteriorate rapidly after the
abdominal cavity is opened, with the most common
findings being severe hypoxemia, hypercapnia, changes
in mucosal color, and increases in blood pressure.50

Decreased intraoperative lung compliance is demon-
strated by an increase in the circuit pressure required for
proper ventilation.50 Providing 100% oxygen at 10 to 15
L/min through tracheal or nasal insufflation before and
after surgery may be beneficial in horses with diaphrag-
matic hernia. Chronically collapsed lungs should be
reinflated cautiously, with awareness of the potential
complications of emphysema and pulmonary edema.20,55

Anesthesia for horses with diaphragmatic hernias is not
without risk and potential hazards, but with preopera-
tive stabilization, careful monitoring, and judicious
intraoperative and postoperative support, it can yield a
positive outcome.

INTRAOPERATIVE COMPLICATIONS
Failure to diagnose diaphragmatic hernia during

exploratory celiotomy has been reported and can lead to
the patient’s demise either in surgery or shortly after-
ward.25,48 Fatal intraoperative complications include fail-
ure to return the viscera to the abdominal cavity,
irreparable intestinal lesions, irreparable diaphragmatic
defects, and difficulty in maintaining adequate ventila-
tion and oxygenation.25,27,43,47,51 Complications com-
monly related to gastrointestinal surgery, such as
adhesions and postoperative ileus, may occur. Although
adhesions of the defect to herniated viscera are uncom-
mon, omental and liver adhesions have been reported;
adhesiolysis in such cases may result in fatal hemorrhage
or intestinal rupture.20,30,56 Because the equine medi-
astinum is often fenestrated, bilateral pneumothorax
may occur intraoperatively as the viscera are returned to
the abdominal cavity.32,35,37,49,57

POSTOPERATIVE CARE
Postoperative care must address both abdominal and

thoracic cavities. Initial care should include oxygen sup-
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plementation, broad-spectrum parenteral antimicrobial
therapy, analgesics, and intravenous fluid therapy. Oxy-
gen (100%; 10 to 15 L/min) should be administered
either by intranasal intubation or via an intratracheal
catheter (Figure 3). When a thoracic approach is used,
or when the horse has sustained thoracic trauma, proper
pain management should be instituted.57,58 The use of
opioids (e.g., butorphanol), either in repeated boluses or
as a continuous-rate infusion, may be especially helpful
in the early postoperative period.58 Although horses
with diaphragmatic hernia have been treated success-
fully without a chest tube, an indwelling chest tube is
recommended in the early (12- to 72-hr) postoperative
period.9,14,17,18,22,57–59 If a chest tube is not inserted during
surgery, it can be placed immediately after recovery. A
unidirectional valve (Heimlich) should be connected to
the chest tube after the horse is standing to prevent
damage to the valve during recovery. When significant
volumes of air or fluid are expected, continuous suction
using a commercial three-chamber suction system (e.g.,
Thora-Seal [Sherwood Medical Company, St. Louis,
MO]) is an efficient method of evacuating the thoracic
cavity (Figure 4). Arterial blood gas monitoring in the
early postoperative period may prove useful in monitor-
ing ventilation and oxygenation and is especially indi-
cated if the respiratory effort is increased. Serial
postoperative thoracic radiographs are indicated to

assess resolution of pneumothorax (Figure 5) and hemo-
thorax. Mild pneumothorax may be left to be absorbed
gradually with no untoward effects.53,55

POSTOPERATIVE COMPLICATIONS
Postoperative complications include dehiscence of the

diaphragmatic defect repair and additional tearing of
the diaphragm, both of which can be fatal.20,45 In
humans and small animals, reexpansion pulmonary
edema may result from rapid lung inflation after pro-
longed collapse. In these species, survival rates after
diaphragmatic hernia repair were improved by gradual
rather than rapid air evacuation.58,60 To date, clinical and
experimental experience suggests that rapid lung infla-
tion does not lead to clinically significant side effects in
the horse, regardless of the duration of pulmonary col-
lapse.36,49,57 Some authors suggest judiciously inflating
the lungs just before sealing the diaphragm to avoid
alveoli rupture; these authors advocate evacuating the air
from the thoracic cavity gradually using an indwelling
thoracic tube.20 Some degree of pneumothorax and
pleural effusion is to be expected after thoracic sur-
gery.8,14 Both of these complications can be prevented by
proper drainage through an indwelling chest tube. If,
however, these complications are not addressed in a
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Figure 4. Photograph of a 7-year-old quarter horse
gelding presented with a penetrating thoracoabdominal
injury resulting in a diaphragmatic hernia. This photograph
was taken 2 days after repair of the diaphragmatic hernia
and wound exploration and repair using lateral thoracotomy.
A secured rigid thoracic drain with a Heimlich valve is in place
caudal to the sutured wound.The inset shows a commercial
three-bottle continuous suction system to drain air and fluid
from the thorax (Thora-Seal).

Figure 3. Photograph of a 4-year-old mare after repair of
a penetrating thoracic injury. The mare has an intratracheal
catheter (horizontal arrow) for administration of 100% oxygen and
an intraarterial catheter in the facial artery (vertical arrow) for
intermittent postoperative arterial blood gas monitoring.



timely fashion, either may prove to be fatal.7,13,53,59

Because the development of septic pleuritis can have a
fatal outcome,61 broad-spectrum parenteral antibiotic
coverage and aseptic surgical technique are important
preventive measures in affected horses.57

A review of published cases revealed that several
horses died from respiratory failure during recovery or
shortly after diaphragmatic hernia repair.20,26,29,46 Conse-
quently, the following are important measures: preoper-
ative, intraoperative, and postoperative supplementation
with 100% oxygen; intraoperative use of controlled
mechanical ventilation; and close monitoring of ventila-
tion and oxygenation efficacy with serial evaluation of
arterial blood gases during and after surgery.

RESULTS
In reviewing the literature, we identified 53 horses

with diaphragmatic hernia, including six cases of our
own, that underwent abdominal surgery and had postop-
erative follow-up.5,8–23,25–29,43,45–51,62,63 More than 50% (27 of
53) of the surgeries were successful. Several horses were
euthanized on the table solely due to the poor prognosis
attributed to diaphragmatic hernia.48,51,62 Including only
cases that recovered from anesthesia, the success rate was
90% (27 of 30), with a successful outcome being defined
as survival to discharge from the hospital. The mean
duration of hospitalization for these horses was 16 days
(range: 5 to 26 days). Nearly 60% (16 of 27) of the horses
with a successful outcome had large (≥10 cm) defects.
The thoracic cavity contained only small intestine in 11
cases, only large colon in 10 cases, both small intestine
and large colon in four cases, and only omentum in one
case. Of the horses that had an unsuccessful outcome
after surgery, 17 of 26 had large defects, and the thoracic
cavity contained only small intestine in nine cases, only
large colon in eight cases, both small intestine and large
colon in two cases, and stomach and either spleen or liver
in two cases. Thus neither the size of the defect nor the
identity of the herniated contents appeared to be an
important factor leading to a successful outcome. In con-
trast, the location of the diaphragmatic defect was
unevenly distributed among the reported cases, with
about 25% (seven of 27) being dorsal in the cases with a
successful outcome and 61% (16 of 26) being dorsal in
the cases with unsuccessful outcomes. Similarly, the
chronicity of the defect was unevenly distributed among
the reported cases, with less than 4% (one of 27) being
fresh in the successful cases and 23% (six of 26) being
fresh in the cases with an unsuccessful outcome.

Most of the reports of cases with unsuccessful out-
comes appeared in the literature before 1990.8,25,26,29,43,46–48,

51,62 We reviewed 20 successful cases of surgically treated
diaphragmatic hernia in horses after 1990, with an aver-
age follow-up of 20 months after discharge (range: 3
months to 5 years). These horses were capable of contin-
uous athletic and reproductive activities, including rac-
ing, jumping, and foaling.9,10,13–15,17,19,20 Presumably, the
advances in anesthetic and surgical techniques that have
been achieved in the past 17 years were instrumental in
these successful outcomes. A larger number of cases with
long-term (1 year minimum) follow-up are necessary in
order to draw firmer conclusions regarding the likelihood
of long-term functionality of horses after diaphragmatic
hernia repair.

PROGNOSIS
The prognosis for horses with diaphragmatic hernia

has often been listed as poor.1,3–7,20,48 Unfortunately, sev-
eral horses categorized as surgical failures in the litera-
ture were euthanized at surgery after diagnosis, based
solely on the poor prognosis ascribed to the lesion,23,48,62

and other horses were euthanized after a preoperative
diagnosis, based on the same assumptions.1–3,5 According
to several recently reported cases, however, the prognosis
is better than previously believed. This improvement is
due to several factors, including the ability to success-
fully anesthetize systemically compromised patients
using precise, controlled ventilation; continuous direct
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Figure 5. Lateral thoracic radiograph showing
unilateral pneumothorax with an indwelling thoracic
drain (downward curved arrow). The collapsed lung is visible
ventrally (upward curved arrow).



blood pressure monitoring; and routine, frequent arterial
blood gas evaluation. Marked improvements have also
been made in gastrointestinal surgery techniques. Small
intestinal resection and anastomosis, which are fre-
quently indicated in diaphragmatic hernia cases, have a
much higher survival rate than in previous years.64 The
development of thoracoscopic techniques and the use of
staples have also contributed to the improved surgical
success rate. Thoracic injuries without major coexisting
lesions have a favorable prognosis despite the combina-
tion of fractured ribs, pneumothorax, and hemothorax.57

According to our review of cases in the literature, lesion
location and freshness can influence the outcome of
repair of diaphragmatic hernia. Fresh dorsal defects
carry the worst prognosis, while chronic, more ventral
defects carry better chances for a successful outcome.
Using thoracotomy and delaying surgery, when appro-
priate, may improve the prognosis and decrease the neg-
ative influence of dorsal location and recent injury. If an
early diagnosis is made based on astute clinical evalua-
tion and a well-planned surgery is performed with
proper anesthetic support, repair of diaphragmatic her-
nia in the horse can be successful.
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2. Which approaches are useful for diaphragmatic
herniorrhaphy?
a. cranioventral midline and median sternotomy
b. median sternotomy and flank and lateral thoraco-

tomy
c. cranioventral midline laparotomy and thoracoscopy

or flank assisted lateral thoracotomy
d. ventral midline laparotomy and flank-assisted median

sternotomy

3. Which statement regarding hernia reduction is
most accurate?
a. Hernia reduction is most difficult when the liver and

spleen are incarcerated.
b. Enlarging the hernial ring, massaging the colon con-

tents, and decompressing trapped air are useful
measures to aid in safe intestinal reduction.

c. Enlarging the hernial ring is counterproductive and
should be avoided because it prevents secure closure
and may result in profuse bleeding.

d. Air decompression is the only procedure that aids in
rapid, safe large colon reduction.

4. What surgical approach appears useful for com-
mon dorsal diaphragmatic defects?
a. cranioventral midline
b. left flank
c. median sternotomy
d. lateral rib-resection thoracotomy

5. Which statement is most accurate regarding
herniorrhaphy techniques?
a. Hernia closure should always be performed after

intestinal resection because resection is more likely
to be the limiting factor in surgery.

b. Mesh should always be used to augment the repair.
c. Herniorrhaphy should start at the most inaccessible

region using preplaced sutures, synthetic mesh, extra-
corporeal knot tying, or other helpful modifications.

d. Synthetic mesh should be placed intrathoracically to
avoid intestinal abrasion, and nonabsorbable sutures
should be used.

6. Which anesthetic changes characterize a horse
with diaphragmatic hernia?
a. deterioration following induction, hypoventilation

leading to respiratory acidosis, hypoxemia, and diffi-
culty in maintaining adequate plane of anesthesia

b. dramatic decline in blood pressure combined with
hypocarbia; immediate, deep plane of anesthesia fol-
lowing induction

c. gradual decline in blood pressure combined with
hypercarbia; rapid, deep plane of anesthesia

d. marked hypercarbia and hypoxemia on induction;
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1. Which statement regarding conservative manage-
ment of diaphragmatic hernia is true?
a. Conservative management produces a beneficial long-

term outcome in nearly 100% of cases.
b. Diaphragmatic hernia is incompatible with life; thus

survival time with conservative management is several
days at the most.

c. Conservative management may work for the short
term but does not produce a lasting good outcome.

d. Conservative management is successful for returning
to long-term full athletic performance.



immediate normalization after initiation of controlled
mechanical ventilation

7. What postoperative management is indicated
after diaphragmatic hernia repair?
a. routine postoperative management of gastrointestinal

surgery patient
b. initial close monitoring of respiratory function,

including arterial blood gas evaluation and thoracic
radiography

c. continuous thoracic evacuation using an indwelling
rigid tube connected to a three-chamber drainage
vacuum system

d. all of the above

8. Which statement regarding postoperative com-
plications of diaphragmatic hernia repair is most
accurate?
a. Most complications occur late in the rehabilitation

period and inhibit future athletic activity.
b. Immediate postoperative complications can be fatal,

including bilateral pneumothorax, respiratory arrest,
and recurrence or repair failure.

c. Intraoperative complications are common and fatal,
but postoperative complications after recovery are
rare.

d. Frequent postoperative complications include
emphysema, pulmonary edema, septic pleuritis, and
rib fractures.

9. Which factors seem to influence the success rate
of diaphragmatic herniorrhaphy?
a. age, breed, and gender; young quarter horse fillies

have the best prognosis
b. defect size, side, and shape; small, right-sided, linear

tears have the best outcome
c. hernial content and level of viability; nonstrangulating

large colon lesions have the best prognosis
d. defect location and age; fresh dorsal lesions appear to

have a negative impact on successful repair

10. Which statement regarding prognosis after
diaphragmatic hernia repair is most accurate?
a. Prognosis is not as poor as previously described,

especially with early diagnosis, a well-planned surgery,
and intensive postoperative management.

b. Survival following repair is likely, but return to ath-
letic function is impossible.

c. Survival of horses with diaphragmatic hernia is highly
unlikely, even with prompt and proper care.

d. With early surgical intervention, long-term survival
and athletic function are expected in nearly 100% of
admitted cases.
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