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Introduction

Compartment syndrome disrupts the lumen of vasculature 
through several pathways that reinforce themselves to result 
in further damage. Testicular compartment syndrome (TCS) 
is defined as the decreased perfusion of microcirculation 
in testicular tissue secondary to compression, leading to 
hypoxia and eventually infarction of said tissue. Though 
compartment syndrome is traditionally not thought to occur 
in the testes, their sensitivity to the condition is explained 
by the low compliance of the tunica albuginea that increases 
the likelihood of capillary constriction from expansive 

processes. The decreased capillary perfusion within 
the testicle is not initially indicated by a corresponding 
decrease in macrocirculatory perfusion, as the larger vessels 
lie outside the tunica vaginalis and also require more 
extraluminal pressure for occlusion. In the testicle, capillary 
constriction secondary to TCS arises from two mechanisms: 
increased resistance of the pampiniform venous plexus 
or compressive processes from within the layers of the  
scrotum (1). Furthermore, ischemia/reperfusion injury 
(IRI) worsens the duration and severity of vessel occlusion 
secondary to TCS, amplifying the ramifications of TCS on 
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fertility (2). The pathophysiology, etiology, evaluation, and 
management of TCS are reviewed.

Pathophysiology

In the preliminary stages of TCS, the onset of ischemia 
causes hypoxia within the endothelium and surrounding 
tissues of the testicle, resulting in endothelial dysfunction 
by increasing cell volume, neutrophil and platelet adhesion, 
oxidant release, as well as by decreasing membrane 
fluidity (3-6). After recruitment through proinflammatory 
cytokines, neutrophil and platelet adhesion is accomplished 
by increased expression of cell adhesion molecules in the 
vascular endothelium as well as integrins on neutrophils. 
The neutrophils infiltrate the testicular interstitium using 
endothelial migration proteins (i.e., selectins) and release 
reactive oxygen species (ROS). They also cause swelling via 
local inflammatory responses (6). Such cell surface proteins 
that direct immune traffic to tissues are appropriately 
named addressins. 

Ironically, the initial ischemia-induced changes 
are exacerbated in the period following reperfusion, 
a phenomenon known as IRI. The increased tissue 
deterioration from IRI is due to the increased production of 
ROS, e.g., superoxide and hydrogen peroxide. The ROS not 
only oxidize proteins and DNA but also cause phospholipid 
peroxidation, leading to membrane destruction and the 
ensuing release of autolytic enzymes (6). The oxidized 
products alone are highly reactive, generating a cascade 
that culminates in necrosis. Testicular tissue is particularly 
susceptible to ROS damage due to its inherently high rates 
of metabolism and cellular respiration (7).

There are two sources of oxidant release following IRI: 
endothelium and leukocytes. In the endothelium, hypoxia 
transforms xanthine dehydrogenase into xanthine oxidase, 
leading hypoxanthine (i.e., the substrate of xanthine 
dehydrogenase) to accumulate. The elevated oxygen levels 
upon reperfusion enable xanthine oxidase to convert the 
stores of hypoxanthine into urate, releasing superoxides and 
hydrogen peroxides as byproducts (3-6). Thus, endothelial 
oxidant release depends on the stores of hypoxanthine that 
accumulate during hypoxia. Hypoxia can negatively impact 
Leydig cell function and spermatogenesis, leading to male 
subfertility or infertility (8,9).

As the second source of oxidants, leukocytes account 
for the bulk of oxidant release after the initial endothelial 
response to reperfusion using the enzyme NADPH oxidase, 
a plasma membrane protein that forms superoxides while 

oxidizing NADPH to resume respiration after reperfusion 
(4,6). The effects of oxidants in reperfusion injury often 
persist for hours, as the oxidants promote gene transcription 
of adhesion proteins, e.g., E-selectin and intercellular 
adhesion molecule (ICAM)-1, which in turn attract more 
oxidant-releasing neutrophils, extending the half-life of IRI.

The increased release of oxygen radicals during 
reperfusion also disrupts nitric oxide (NO) levels in the 
vasculature. Normally, a minimal quantity of NO is 
sufficient to clear the serum of oxidants, however the post-
reperfusion oxidant surge impedes other native functions 
of NO, such as vasodilation and preventing leukocyte 
and platelet adhesion (4). Furthermore, NO reacts with 
superoxide to form peroxynitrite, which participates in a 
negative feedback loop of NO synthase, perpetuating the 
decrease in NO levels (6).

This reperfusion-induced cascade worsens and 
prolongs the initial endothelial dysfunction. The transient 
compartment syndrome initial ly displayed by the 
vasculature begins to worsen as oxygenated blood reperfuses 
temporarily hypoxic regions of the endothelium. While the 
arterioles vasoconstrict due to NO deficiency, the capillaries 
are easily constricted due to the increased extraluminal 
pressure from edema and decreased intraluminal pressure 
from platelet and leukocyte adhesion (4,6). The venules 
face the largest amounts of blood cell adhesion and ensuing 
edema due to increased transcription of P-selectin and NF-
κB, which mobilize selectins and other proteins involved 
in the inflammatory response (6). Since these changes in 
gene transcription can outlast the ischemia, even mild TCS 
can be harmful to tissues, particularly those involved in 
spermatogenesis. Damage to the Leydig cell compartment 
can impair fertility as it is closely associated with the 
severity of spermatogenic impairment (10).

IRI can cause partially occlusive events to become 
acute and potentially plays a major role in the progression 
of TCS. For instance, transient compression of the 
microcirculation by orchitis can be exacerbated by IRI 
to complete capillary constriction, resulting in TCS. In 
addition to this, IRI may also complicate the management 
of TCS, as the restoration of microcirculation inevitably 
involves some degree of IRI. The concept of IRI is critical 
to understanding the pathogenesis of TCS illustrated in 
Figure 1.

Etiology

There are two basic mechanisms that result in TCS: 
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increased venous resistance and extraluminal compression 
of the microvasculature (1). Increasing venous resistance 
out of the scrotum increases the hydrostatic pressure in the 
venules and capillaries, in turn increasing the water filtration 
into the interstitium. TCS occurs when the increasing 
interstitial pressure results in capillary constriction. The 
second mechanism causes TCS by directly constricting the 
capillaries. 

Table 1 lists TCS etiologies with respect to increased 
venous resistance. Varicoceles are associated with higher 
hydrostatic pressure and incompetent valves, causing 
stagnation of capillary flow—leading to ischemia—and 
increased fluid filtration into the interstitium (11-14). 
While subclinical varicocele may not pose a risk for TCS, 
clinical varicocele is documented to increase the pulsatility 
and resistive indices of testicular arteries, both of which 
decrease after varicocelectomy (15-17). The fact that 
varicoceles increase oxidant release in the testicle supports 
the theory that the infertility associated with varicoceles 
may be a result of secondary TCS (18-20). Arteriovenous 
fistulas can also theoretically lead to TCS, since arterial 
flow directly into the veins can cause backflow, increasing 

venous resistance. Testicular torsion can result in TCS by 
causing the spermatic cord veins to twist, which decreases 
vessel diameter and increases venous resistance (1,21). Even 
partial torsion poses a risk for TCS as it is documented to 
reverse diastolic flow and increase the arterial resistive index 
of the affected testicle (22,23). A hernia compressing the 
spermatic cord at the inguinal rings can obstruct the venous 
outflow of the testicles, leading to TCS. In severe cases, 
a large descending inguinoscrotal hernia can compress 
the tunica vaginalis enough to cause TCS via the second 
mechanism previously described.

The second mechanism of TCS onset can be further 
classified based on whether the pressure is internal or 
external to the parietal tunica vaginalis. If the pressure 
is intravaginal, then the low compliance of the tunica 
albuginea maintains the pressure on the testicle, making 
constriction, and thus TCS more likely. On the other 
hand, extravaginal pressure must be severe enough to 
cause TCS; the fascial and dermal layers in the scrotum 
can expand, preventing much of the pressure from being 
translated to the testicle. Compression-related etiologies 
of TCS are grouped in Table 1. Orchitis or epididymo-

↑ Neutrophil and 
platelet adhesion

Oxidant release and 
associated stress

↓ NO availability
Oxidation of endothelial hypoxanthine 

stores;
↑ Neutrophil NADP oxidase activity

Capillary collapse Transient or iatrogenic reperfusion of 
microcirculation

↑ Venous resistance; 
↑ Capillary constriction

Graded ischemia and 
hypoxia

In endothelium:
↑ Cell volume;

↑ Neutrophil and 
platelet adhesion;
↑ Oxidant release;

↑ Membrane fluidity

Endothelial 
dysfunction

Extraluminal 
inflammatory response

Testicular compartment 
syndrome

↑ Gene transcription of 
ICAMs and selectins

Figure 1 Pathogenesis of testicular compartment syndrome. ICAM, intercellular adhesion molecule; NO, nitric oxide.
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orchitis may cause severe TCS as it is documented to 
cause testicular infarction by increasing the testicular 
resistive index (24-26). Hemorrhage or hematoma may 
be particularly likely to cause TCS if the patient is taking 
anticoagulant medication. Hydrocele can cause TCS by 
altering the shape of the testicle through compression 
and increasing the pulsatility and resistive indices (27,28). 
Mihmanli et al. noted that these parameters decrease post-
hydrocelectomy (29). Though hydrocele has been found 
to increase interstitial and tunical fibrosis, it is the fluid 
pressure and tension in the tunica vaginalis that has been 
linked to halted spermatogenesis (30). Resultant testicular 
atrophy may stem from interstitial fibrosis as well as the 
fluid pressure-based obstruction of the vas or epididymis 
which prompts disorganization and sloughing (30).  
Edema within the tight fibrous sheath surrounding the 
tunica vaginalis may be responsible for the pressure on 
the testicular blood supply vital to spermatogenesis (30). 
Theoretically, severe pneumoscrotum may cause TCS 
by compressing the testicle (31). Compression from the 
inguinal canal of an undescended testicle may result in TCS, 
indicated by smaller testicular size and higher instance of 
vascular abnormalities in cryptorchidism (32). The instance 
of infertility is higher for many of these etiologies, such as 
hydrocele and cryptorchidism, with suspected underlying 
oxidant stres (18). The IRI from TCS secondary to these 
etiologies may explain the oxidant stress and associated 
infertility (33,34).

Evaluation

The key diagnostic tool for TCS is the index of suspicion; 
if the patient presents with one or more of the etiologies 
in Table 1, TCS should be suspected. If acute scrotum is 
presented, ultrasonography (US) must be performed as 
soon as possible to detect and prevent testicular injury. 
As detailed by Schurich et al., US offers two modalities to 

evaluate perfusion of testicular microcirculation: structural 
or functional analysis (35). The former consists of testicular 
volume measurements by grayscale US, which can indicate 
prolonged ischemia secondary to TCS if an unusually 
small testis is observed. Real-time elastography also falls in 
this category and measures the elasticity of tissue, which 
can indicate TCS, as the inflammatory response stiffens  
tissue (35). Functional analysis aims to directly measure 
the macro and microcirculat ions  of  the test ic le . 
Unenhanced Doppler US—including the color, power, 
and spectral variations—is only sensitive enough to view 
macrocirculatory discrepancies, indicating TCS only if the 
capillary block is severe enough to decrease arterial flow. 
Upon initial duplex US scan, we recommend injection 
of prostaglandin (20 mg) into the spermatic cord for a 
secondary scan to adequately review the status of the 
compressed testicle and circulation for TCS. Power Doppler 
US is the most sensitive to low flow states, so it may hold 
the most potential for TCS diagnosis (35,36). Pulse wave 
US assesses perfusion by measuring the resistive index of 
testicular vessels—typically the testicular and intratesticular 
branches—where a higher resistance corresponds to 
impaired flow. However, the preceding methods can 
detect only the severe presentations of TCS, in which case 
testicle recovery may be unfeasible. Contrast-enhanced US 
depicts small-vessel perfusion by releasing contrast into the 
testicular venous system, thus allowing for earlier detection 
of TCS. However, most medical centers do not routinely 
use contrast for the direct visualization of TCS due to the 
high costs of testing and possible complications. Developing 
technologies in this field, e.g., microvascular imaging and 
Cadence™ contrast pulse sequencing, promise to improve 
diagnostic integrity of microcirculatory perfusion (35).

A proven chemical test for TCS would be a diagnostic 
breakthrough; current candidates for chemical markers 
consist of the byproducts of oxidative stress, such as 
malondialdehyde, 13-hydroperoxy-9,11-octadeconoic acid, 

Table 1 Classification of testicular compartment syndrome etiology

Physiological basis Etiology

Increased venous resistance Varicocele hypertension; testicular torsion; hernia compression of veins; intratesticular ateriovenous fistula

Extraluminal compression

Intravaginal Hemorrhage/hematoma; hematocele; hydrocele; chylocele; lymphocele; pneumoscrotum;  
orchitis/epididymo-orchitis

Extravaginal Fasciitis; cryptorchidism
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volatile hydrocarbons, and isoprostanes (6). Measuring 
tissue oxygen saturation using near-infrared spectroscopy  
has been shown to reliably detect chronic compartment 
syndrome in the leg, but has yet not been used to evaluate 
TCS (37). If applicable, near-infrared spectroscopy of the 
testicle could measure the severity of TCS and determine 
when surgical exploration is necessary (38).

When acute  TCS i s  h ighly  suspected ,  due  to 
disproportionate pain, diagnosis must be confirmed by 
exploration of the scrotum. Kutikov et al. demonstrated 
that a pressure needle through the tunica albuginea could 
provide an accurate indication of TCS, with 30 mmHg 
being the threshold for “imminent” compartment syndrome 
(1,39). Kutikov et al. also noted that significant TCS gives 
the testicle a dull purple appearance; its bright red color is 
restored upon relieving the pressure (1). If TCS is suspected 
in subacute cases, we suggest that the testicle should be 
periodically monitored with power Doppler US. The other 
unenhanced US techniques can only determine if testicular 
blood flow is absent, in which case the testicle is unlikely 
to be viable (40). However, power Doppler measurements 
are “symmetrical” with respect to the two testes, allowing a 
testicle suspected of TCS to be compared to the unaffected 
testicle to determine if blood flow is in fact diminished (36).  
Though further testing is necessary, periodic power 
Doppler US monitoring has the potential to give an earlier 
indication of TCS while avoiding unnecessary puncture of 
the testicle to obtain pressure readings.

Management

Since TCS can lead to defective testicular endocrine 
function and spermatogenesis, the condition must be 
taken seriously and managed with prompt care. Treatment 
options should be factored on the etiology and severity of 
clinical presentation. When compartment pressure is low, 
significant infarction is unlikely and the underlying etiology 
should be treated, followed by pulsed wave Doppler US 
perfusion evaluations to confirm diminishing TCS (28). We 
suggest periodic power Doppler US in case TCS recurs. 
In presentations of recurrent or acute TCS where IRI is 
responsible for increased intratesticular pressure, Kutikov  
et al. demonstrated that incising (i.e., testicular capsulotomy) 
and then enlarging the tunica albuginea with a tunica 
vaginalis graft returns compartment pressure to normal 
ranges (1). Figueroa et al. was one of the first to test this 
technique via retrospective clinical study and indeed found 
that it enhances testicular salvageability after prolonged 

ischemia, offsetting the need for orchiectomy (41).  
Alternately, albeit in a rat model, Józsa et al. found that 
decompressed testes did not have any significant effect in 
testicular microcirculation, reduction in testicular volume, 
changes in hemorheological parameters, and germinal 
epithelial necrosis (42). Despite holding potential in 
immediately addressing TCS, more studies such as those 
testing spermatogenesis are warranted to establish it as a 
treatment standard. 

IRI also has to be addressed since it can potentially 
counteract the treatment. Antioxidant administration can, in 
principle, prevent IRI in three ways: inhibit oxidant release, 
scavenge released oxidants, and rectify oxidant damage. 
Antioxidant therapy should be given before surgical 
intervention to prevent IRI. The common enzymatic and 
non-enzymatic antioxidants used for infertility include 
superoxide dismutase, thioredoxin reductase, gluthione 
reductase, vitamin E, vitamin C, allopurinol, and melatonin 
(6,43,44). Although the clinical use of these antioxidants 
has seen mixed success in minimizing IRI and restoring 
fertility, their use is not known to be detrimental. Hence, 
prior to reperfusing the testicle, administering antioxidants 
in standard doses may be prudent (45-47). Recently in 
animal models, ghrelin has demonstrated not only increased 
antioxidant enzyme activity and decreased lipid peroxidation 
of testicular tissue exposed to IRI (48), but also protection 
against degeneration by increasing seminiferous tubule 
diameter and thickness of the germinal epithelium (7).  
Also in animal models, Al-Maghrebi et al. discovered that 
exogenous angiotensin-(1-7) administration before IRI 
rescued testicular angiotensin-converting enzyme and 
Mas expression, protecting against germ cell apoptosis 
and oxidative stress; increased NO and activation of 
the PI3K/Akt signaling pathway may be potentially 
responsible (49). The same investigator recently found 
that the antioxidant genistein alleviates testicular IRI-
induced spermatogenic damage and oxidative stress by 
suppressing the aberrant testicular matrix metalloproteinase 
system via the Notch 2/Jagged 1/Hes-1 and caspase-8 
pathways (50). Al-Maghrebi et al. also observed that lutein 
treatment may prevent testicular IRI spermatogenic 
damage by interfering with its modulation of the 
survivor activating factor enhancement pathway (51). 
Pterostillbene (52), dexmedetomidine (53), curcumin (54),  
apocynin  (55) ,  2-APB (56) ,  inter leukin-10 (57) ,  
tyrphostin AG 556 (58), desferrioxamine (59), and 
hyperbaric oxygen therapy (60) have all shown protective 
effect against testicular IRI at some capacity. Another 
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possible novel therapeutic target for minimizing IRI that 
warrants further study is chemical histone deacetylase 
(HDAC) inhibitors, as Hou et al. found ischemia-induced 
HDAC activity in the testis with reduced histone acetyl 
transferase activity (61).

Conclusions

TCS is the impairment of microcirculation in the testicle 
and has ramifications on tissue integrity and spermatogenesis 
through the oxidant-producing mechanisms of IRI. In 
theory, several etiologies are and should be able to induce 
TCS, potentially explaining the association of these 
etiologies with infertility and overall testicular dysfunction. 
Current imaging technologies allow TCS to be detected 
only when it has progressed to impair the larger vessels 
of the testicle, but future imaging promises to advance 
microcirculatory visualization and tissue oxygenation 
evaluation. Periodically monitoring suspected TCS with 
power Doppler US may allow for earlier detection by 
comparing to the contralateral testis. Upon diagnosis, 
TCS should be evaluated for severity and then treated 
accordingly. Antioxidants may be used to minimize IRI and 
can only help, not hurt, in treatment. Because testicular 
oxidant stress occurs in up to 50% of infertility cases and 
since TCS has many mechanisms to cause such an increased 
oxidant load, it seems logical that TCS may be a larger 
contributor to infertility than currently established (45).  
Additional studies are needed to substantiate the role of 
TCS in mechanisms for testicular dysfunction.
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