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A herniation is a condition in which there is a protrusion of an organ, fascia, fat, or omentum through the wall of the

cavity in which it is contained. A hernia may be classified into different categories based on the cause, location,

size, recurrence, reducibility, contents, and symptoms. Inguinal hernia is described as a bulge of the peritoneum

through a defect (congenital or acquired) in the muscular and fascial structures of the abdominal wall; a defect in

the myofascial plane of the oblique and transversalis muscles and fascia. Inguinal hernias are classified into (1)

indirect hernia, (2) direct hernia, (3) scrotal or giant hernia, (4) femoral hernia, and (5) others, i.e., rare hernias such

as Spigelian hernias. Inguinal hernias are relatively common in both humans and domestic animal species, and

surgery to repair an inguinal hernia is a nonurgent, routine procedure. However, every hernia carries a hazard of

incarceration and strangulation, warranting immediate surgical treatment.

emergency  incarceration  inguinal hernia

1. Epidemiology and Anamnesis

The lifetime risk of developing an inguinal hernia is around 27% for males and 3% for females . Curiously, 1

male in 5 and 1 female in 50 will eventually develop an inguinal hernia in their lifetime; nevertheless, the etiology of

inguinal hernias remains unresolved. In humans, inguinal hernias have a hereditary factor, with a complex

inheritance pattern .

The current incidence and prevalence of inguinal hernias in nonhuman primates (NHPs) are unknown. Records of

zoological gardens dating from 1934, which included several thousand monkeys, showed that the percentage of

hernias (all types of hernias, not exclusively inguinal hernias) was 0.37% . More recent literature reported that

inguinal hernias are relatively common in primates; however, no data to support their statements are provided 

. It was revealed only nine reported cases of inguinal hernias in NHPs. Their incident is likely much higher, as

most inguinal hernias are of low clinical significance and thus underreported. Fowler  reported, without providing

specific details, that lion-tailed macaques (Macaca silenus) are predisposed to the development of inguinal hernias.

Here, it was conducted to calculate hernia incidence at the Biomedical Primate Research Centre (BPRC, Rijswijk,

The Netherlands). Data were obtained in retrospect from the electronic health record database of the BPRC. The

dataset used for the analysis covered the period from January 2021 to December 2021. Marmosets (Callithrix

jacchus) < 5 months of age or weighing < 200 gr, rhesus monkeys (Macaca mulatta) < 6 months of age, and

cynomolgus monkeys (Macaca fascicularis) < 8 months of age were not sedated for their physical examination and

were therefore excluded from this analysis. Data from the physical examination were analyzed on the presence of

inguinal hernia at the moment of examination, in combination with age, sex, and body condition score (BCS).
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Physical examinations are routinely performed yearly, including a thorough physical examination, a tuberculosis

screening test, complete blood count (CBC), and serum biochemistry. No animals were sedated solely for purpose.

Ethical approval was not required. All animals were housed in accordance with Dutch law and international ethical

and scientific standards and guidelines (EU Directive 63/2010). All husbandry procedures were compliant with the

above standards and legislation. The animal care at BPRC is in accordance with programs accredited by AAALAC

International. Data included 897 NHPs: 88 common marmosets, 225 cynomolgus monkeys, and 582 rhesus

monkeys. No inguinal hernias were observed in the marmosets (38 males and 50 females). In the 225 examined

cynomolgus monkeys (74 males and 151 females), 6 adult males were observed with an inguinal hernia. Those

males had a BCS of 3–3.5, age range between 2 and 12 years. In the 582 examined rhesus monkeys (166 males

and 416 females), 2 adult males and 1 adult female were observed with an inguinal hernia (Figure 1A,B). One

involved a 4-year-old male with a BCS of 2.5, the other animal was an 8-year-old male with a BCS of 5, and the

female was a 14-year-old with a BCS of 3. The percentage of inguinal hernia was 1.00%.
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Figure 1. (A) Several examples of inguinal hernias observed during physical examination in male rhesus monkeys

(photographs provided by Biomedical Primate Research Centre); (B) example of an inguinal hernia in a female

rhesus monkey. Hernias are present in both left and right inguinal regions (photographs provided by Biomedical

Primate Research Centre).

It is suggested that inguinal hernias in NHPs occur secondary to the following factors:

Trauma . Although the exact role of trauma in the occurrence and progress of inguinal hernia remains

unclear, accidents such as a fall from height while hopping from one tree to another may play a role;

Congenital weakness of muscles of the groin region or other congenital anomalies from the time of birth ;

In utero lead exposure .

Berg et al.  explored the role of inheritance in macaques by conducting a four-generation pedigree analysis. No

hereditary component or inheritance pattern was revealed. It is assumed, similar to men, that factors that may
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contribute to increased intraabdominal pressure, including obesity, chronic cough, and straining, are predisposing

factors for the development of inguinal hernias in male NHPs . In humans, other reported conditions associated

with an increased incidence of inguinal hernias are varied and may include prematurity, hydrops, meconium

peritonitis, chylous ascites, liver disease with ascites, ambiguous genitalia, hypospadias, epispadias, exstrophy of

bladder, cloaca, cryptorchid testes, cystic fibrosis, connective tissue disorders, ventriculoperitoneal shunt,

continuous ambulatory peritoneal dialysis, Hunter–Hurler syndrome, and mucopolysaccharidosis .

Appendectomy, abdominal surgeries, and parturitions are not associated with inguinal hernias in women.

Interestingly, in women, both high sports activity and obesity are described to be protective against inguinal hernia

. Although not investigated in NHPs, these factors may also be influential.

2. Clinical Signs

In most cases, this is an incidental finding discovered in healthy animals during routine physical examinations,

manifesting as a bulge in the groin (inguinal) area. The clinical appearance varies widely—from uni- to bilateral,

reducible to nonreducible, immobile to mobile, and firm to soft. Hernias in the inguinal region may present as a

mass in the femoral area near the vessels or as a scrotal mass. When intestines appear within the hernia defect,

peristalsis of fluid in the hernia sac is palpable . Abdominal pain, absence of flatus or feces, and abdominal

distension are symptoms preceding shock that may be indications of strangulation . An incarcerated hernia is a

part of the intestine or abdominal tissue that is trapped in the sac of a hernia. When the trapped tissue involves

intestines that are strangulated as a result, the animal may show symptoms of intestinal obstruction, including

nausea, vomiting, and obstipation . If the strangulation is not resolved immediately, tissue necrosis follows, and

the animal will exhibit signs of severe pain, focal or generalized peritonitis, and sepsis (hypotension, tachycardia).

Edema and localized inflammation are consistent with a possible strangulated hernia. Acutely incarcerated hernias

may appear erythematous, indurated, swollen, and painful on palpation.

3. Diagnostics

Inguinal hernia is often diagnosed based on the presence of a bulge in the inguinal region during physical

examination (Figure 1A,B). However, small hernias are not always clinically detectable, and a patent processus

vaginalis is not apparent on a physical examination. Furthermore, examination of NHPs in dorsal recumbency

facilitates reduction in the contents of the hernia and hernial ring palpation. It is even more challenging to diagnose

incarceration and strangulation and evaluate their severity.

Plain or contrast X-rays, ultrasonography (US), magnetic resonance imaging (MRI), and computed tomography

(CT) provide information about the anatomical characteristics of the suspected region, i.e., the content of the

hernial sac and the integrity of the anatomical structures, allowing for a diagnosis and treatment .

Although cheap and harmless, the US is not very reliable for hernia detection due to its accuracy being user-

dependent . However, the US can be helpful in cases in which recurrent hernia, postsurgical complications, or
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other causes of groin pain is suspected. MRI has higher sensitivity and specificity compared to US and CT and is,

therefore, the definitive radiologic examination for diagnosing occult hernias .

In the event of strangulation, acute bowel ischemia may occur. Angiography and CT directly assess mesenteric

vascularity, with CT having a high expectation of revealing early findings of bowel ischemia. CT provides a

roadmap to assist veterinarians with the restoration of intestinal blood flow as early and fast as possible .

4. Differential Diagnosis

A combination of the clinical signs and imaging results will assist veterinarians in the diagnosis of the mass in the

groin region. These groin masses can be defined as being inguinal hernias, neoplasms, infectious or inflammatory

processes, vascular conditions, as well as congenital abnormalities. Therefore, the differential diagnosis should

include appendicitis, adhesions, abscesses, inflammatory bowel diseases, urinary tract infection, hip pathologies,

pelvic pathologies, undescended testicles, hematoma, lymphadenopathy, lipoma, metastatic neoplasia, hydrocele,

and vascular aneurysm .

5. Medical Management

In humans, inguinal hernias are common and were in the past believed to all require surgical repair (herniorrhaphy)

regardless of the presence or severity of symptoms, in order to avoid complications . However, an

increasing number have revealed that minor symptomatic, first occurrence hernias do not necessarily require

repair, and these patients may be followed expectantly (watchful waiting) . In humans, delaying

surgical repair until symptoms increase is described to be acceptable as acute hernia incarcerations are rare .

In NHPs, inguinal herniation is usually of no significant consequence. Therefore, close monitoring is an acceptable

course of action for NHPs in asymptomatic or minimally symptomatic patients. Surgery is necessary for acutely

incarcerated hernias or those that cause significant discomfort, i.e., pain or physical limitations. Precise

determination of the actual risk of serious consequences of an inguinal hernia in NHPs does not exist due to a lack

of published data. In humans, the change rate in the cumulative probability of strangulation increases quickly over

the first 3 months of the existence of a hernia . Incarceration of inguinal hernia occurs in around 10% of the

patients, which, in turn, can result in intestinal obstruction, strangulation, and infarction . Strangulation is the

severest complication, even with potentially lethal sequela.

Many different techniques for surgical repair of inguinal hernias have been described in human medicine, mainly

characterized as mesh reinforcement or suturing of defects, performed as an open or laparoscopic approach 

. It is crucial to understand the differences in outcomes of different approaches (e.g.,

postoperative pain, recovery period, recurrence rate, and cost-effectiveness) and how best they fit each patient in

deciding upon a technique. The treatment of choice fluctuates widely with regard to various factors such as

anamnesis, hernia type, and the preference of the surgeon . Surgical skills and proper training of the

surgeon are essential in minimizing the risk of peri- and postoperative complications .
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In humans, mesh repairs demonstrated lower recurrence rates, compared with sutured repairs, presumably due to

tension-free repair . There is also a quicker return to normal activity for patients, notwithstanding that the use

of mesh risks the formation of adhesions between the underlying viscera and the mesh repair. Options for mesh

selection include nonabsorbable, absorbable, and biologic materials . Each mesh material and brand possess

variations in intrinsic properties, such as tensile strength, weight, pore size, constitution, shrinkage,

reactivity/biocompatibility, and elasticity, which may affect the outcome .

Laparoscopy is an alternative method to an open surgical approach . Laparoscopic hernia repair is

associated with a lower recurrence rate, dehiscence, and postoperative pain or infection, compared with the open

approach. Totally extraperitoneal endoscopic inguinal repair (TEP) combines the benefits of minor access surgery

and mesh reinforcement of the inguinal region . TEP is related to a short recovery period and a very low

recurrence rate.

When performing surgery in NHPs, the surgical site should be clipped and shaved and asepsis achieved by

prepping with disinfectants such as 70% alcohol and povidone-iodine . The NHP species variability, as well as

the clinical presentation of the animal, will greatly influence the drug choice and dosages needed . Comfortable

positioning, maintaining appropriate body temperature, and lubrication of the eyes with ophthalmic ointment should

be provided . Endotracheal intubation should be performed, allowing respiratory support, control of the

anesthetic plane, and effective emergency responses, if necessary . Moreover, the insertion of an intravenous

(IV) catheter is endorsed for fluid administration and immediate access to the administration of emergency drugs.

Multimodal analgesia should be provided pre-, peri-, and postoperatively. Surgical treatment is performed in the

same way as that in humans. The repair process can incorporate either suture or mesh techniques, and the

approach can be either open or laparoscopic . In veterinary medicine, suture repairs are used

irrespective of body size, whereas meshes are mostly used for larger animals. Some postoperative discomfort

would be expected in NHPs. This can be alleviated with the administration of routine analgesics. In humans,

postoperative movements (five to eight days) , and abdominal pressure is advised to be limited to reduce

mechanical constraints applied to the inguinal region, to prevent wound dehiscence. However, minimal mobility is

encouraged to prevent adhesions at the surgical site. In NHPs, this would be much more difficult to achieve due to

their housing conditions and unique animal characteristics. Close postoperative assessments in NHPs are

necessary to ascertain that sutures remain in place, as they tend to pick as incision sites.

In case of strangulation, adequate exposure to the hernial content is crucial to visually determine its integrity and

viability before closing the defect . A wide variety of organs can be incarcerated, including the omentum, bowel,

and in female animals, even the uterus, ovaries, and fallopian tubes . When dark purple bowels are present,

the mesenteric pulse and intestinal motility should be checked. Hernia repair will restore blood supply, which may

result in reperfusion injuries . Potential strategies to overcome ischemia–reperfusion injuries include several

modalities: (1) ischemic preconditioning, (2) antioxidants; (3) nitrous oxide supplementation; (4) anticomplement

therapy; (5) antileukocyte therapy; (6) perfluorocarbons; (7) enteral feeding; (8) glutamine supplementation; and (9)

glycine supplementation . An IV bolus of alpha-1 agonists can be administered to restore a mesenteric pulse

and prevent vasoplegia . Dysmotility, poor peripheral pulse or increased capillary refill time following hernia
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repair, and adrenergic drug administration imply nonviable small bowel segments requiring enterectomy.

Enterectomy can be performed, as it is well-described in companion animals . The untreated nonviable

intestine will result in multisystem organ dysfunction and ultimately lead to death . The objective of surgical

intervention includes re-establishment of blood supply to the ischemic bowel, resection of all nonviable regions,

and preservation of all viable bowel.
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