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Chapter

Acute Hydrops and Its
Management

Praveen Subudhi, Sweta Patro and Nageswar Rao Subudhi

Abstract

Acute hydrops is a well-known complication of keratoconus. It usually manifests
as sudden onset loss of vision. Mostly presents in the pubertal age group. Allergic
conjunctivitis associated with eye rubbing is the most substantial risk factor.
Primary pathology being stromal lysis, which triggers the progression of cone, caus-
ing an undue stretch on Descemet Membrane, eventually resulting in its splitting
and stromal imbibition of aqueous through these ruptures. Clinical signs are circum-
cillary congestion and thick/edematous cornea with obscuration of the anterior
segment. Conservative therapy delays wound healing; hence early surgical interven-
tion is recommended globally for faster resolution of stromal edema. Long-standing
corneal edema mounts to corneal perforation and neovascularisation of cornea.
Compressive suture, non expansile intracameral gas injection, Deep anterior lamel-
lar keratoplasty, and mini Descemet membrane keratoplasty are various manage-
ment modalities reported in literature. Acute hydrops could be well prevented with
early identification of progressive keratoconus and halting its progression.

Keywords: acute hydrops, keratoconus, compressive sutures, intracameral gas,
ocular allergy

1. Introduction
1.1 Epidemiology

Acute hydrops is a well-known complication of progressive keratoconus. It has
also been reported in other noninflammatory ectatic disorders such as pellucid
marginal degeneration and keratoglobus. The incidence of acute hydrops is mini-
mal but varies according to race. A 2011 UK census reported higher number of
cases among the South Asian and Black ethnic groups, compared with that in the
general population. The reported incidence rates among the white, South Asian,
and black population are 0.07/100,000, 0.32 /100,000, and 0.37/100,000, respec-
tively [1]. According to numerous studies, the trend in acute hydrops Incidence
among patients with keratoconus has been shown to be decreasing; Tuft et al.
and Amsler M et al. reported the prevalence of acute hydrops as 2.6% and 2.8%,
respectively [2, 3]. Acute hydrops can occur at any age but is commonly reported
in individuals aged between 20 and 30 years, whereas the broad age range is 10
to 47 years. It has a significant gender disparity; men are more susceptible to this
condition compared with women, with a ratio of 1.2:1 according to the Auckland
Keratoconus Study [4], 3:1 according to a UK prospective study [1], and 2.9:1
according to an American study [5].
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2. Predisposing factors

Ocular allergy is frequently associated with keratoconus ranging from 7 to 35%
[6-9]. Bawazeer et al. in a case control study demonstrated a positive correlation
between keratoconus and atopy [10]. Any form of ocular allergy instigates itching,
foreign body sensation, and eye rubbing [11]. This triggers a corneal intrastro-
mal inflammation because of the increased levels of histamine, tumor necrosis
factor-alpha, and interleukins [12]. It coaxes to stromal lysis and corneal thin-
ning because of the increased levels of lysosomal and proteolytic enzymes with a
simultaneous reduction in the levels of protease inhibitors [12]. This vicious cycle
of inflammation and stromal lysis is exacerbated by recurrent eye rubbing [13],
and the stable keratoconus eventually becomes progressive which increases the
risk of acute hydrops [14].

A history of having worn the contact lenses, specially the rigid gas permeable
lens, is also considered an important risk factor for acute hydrops [15]. Contact lens
usage triggers ocular inflammation because of hypoxia of the corneal surface [16].
A study showed that the level of inflammatory markers present in the tear film
increases after the use of contact lens [17]. This inflammation initiates the progres-
sion of keratoconus that eventually leads to acute hydrops [18].

A trivial ocular trauma plays a significant role in the rupturing of already
stressed-out descemet membrane (DM) [19]. Advanced keratoconus, eccentric
cone, and poor visual acuity are other important risk factors for acute hydrops
in patients with keratoconus. Down syndrome increases the risk of keratoco-
nus progression, thereby increasing the risk of acute hydrops [20]. Retinitis
pigmentosa, Leber Congenital Amaurosis (LCA), floppy eye lid syndrome,
and Ehler-Danlos syndrome are other risk factors for progressive keratoconus,
which are followed by the incident of hydrops [21-24]. Pregnancy and lactation
are also the critical but temporary risk factors [25]. However, a positive family
history has been reported to have a negative correlation with the acute hydrops
incidence [26].

3. Corneal topography and acute hydrops

Corneal topography plays a critical role in identifying patients with keratoconus
progression [27]. Various parameters are available in pentacam that must be reinvesti-
gated after every 3 month to accurately diagnose the progression; parameters, namely,
maximum keratometry, minimum pachymetry, pachymetric progression index,
elevation indices of corneal front and back surfaces, anterior radius of curvature taken
3 mm surrounding the thinnest pachymetry, posterior radius of curvature taken 3 mm
surrounding the thinnest pachymetry, and deviation index, must be scrutinized dur-
ing every visit. Any evidence of progression should be intervened to prevent or halt the
deterioration to eventually decrease the risk of acute hydrops incidence [28].

4. Pathophysiology

The progression of keratoconus initiates because of stretching of the DM that
is adhered strongly to the periphery, which leads to circumferential stretching of
the membrane and increased risk of its rupture [29, 30]. If the stretching extends
beyond a limit, the membrane tends to rupture at the center, which leads to the
seepage of aqueous fluid into the stroma and thereby causes acute hydrops [31].
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Figure 1.
Showing a case of acute hydrops.

5. Clinical examination and manifestations

Acute hydrops initiates with a sudden onset of poor vision and discoloration of the
cornea [32]. The disease is confined to the central and paracentral regions and rarely
manifests in the peripheral region in case of coexistent pellucid marginal degenera-
tion [33]. In addition to a defective vision, pain and redness are the typical symptoms
of this disease [34]. The patients exhibit a definite history of persisting poor vision
since childhood and experience progressive vision loss [35]. History of spectacle use
should be investigated by reviewing the old optical prescriptions or old spectacles.
Past history of high astigmatism, oblique axis and poor best corrected visual acuity
are considered as corroborative clinical signs of acute hydrops following progressive
keratoconus. Meticulous medical history of ocular allergy, atopic dermatitis, contact
lens usage, eye rubbing, and ocular trauma should be documented [36]. Contact lens
history, with emphasis on the type, duration of usage, overnight usage while sleeping,
and expiry date of the contact lens, is also considered essential [37]. Ocular trauma
history, with emphasis on the blunt trauma not withstanding its impact or severity,
should also be documented (Figure 1) [38].

Examination using a diffused torchlight reveals a whitish lesion over the central
or paracentral regions with intense photophobia (Figure 1). Conjunctiva shows
a sign of circumciliary congestion, and palpebral conjunctiva may be congested
depending upon the presence of allergic conjunctivitis. In the absence of oculi
allergy, eyes are less susceptible to palpebral congestion. The iris or anterior seg-
ment is not visible in case of central hydrops but in cases of paracentral hydrops, the
anterior segment is clearly visible through the clear cornea [35].

Slit lamp examination with an oblique slit shows an abnormally thick cornea
with clefts in the intrastromal area and Obscuration of Descemet Membrane (DM)
due to the blockage of light rays by the edematous cornea [39, 40].

6. Grading of acute hydrops

Acute hydrops can be graded depending on the corneal region involved. Corneal
edema can be graded by drawing an imaginary circle around the cornea [41].
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Grade 1: Involves 3-mm diameter of cornea.
Grade 2: Between 3- and 5-mm diameter of cornea.
Grade 3: More than 5 m-diameter of cornea.

7. Investigations

Though acute hydrops is mostly diagnosed clinically, anterior segment OCT
(ASOCT) can be performed to assess the severity and pattern of the resolution
(Figure 2), [42]. ASOCT manifests as hypo reflective areas in the presence of fluid,
hyper-reflective areas in the presence of fibrous tissues. In the early phase of corneal
edema, epithelial micro cysts with pseudocysts formation in the intrastromal area are

Figure 2.
ASOCT showing corneal edema, clefts and cysts (courtesy-Dr.Sridevi Gunda).
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witnessed as hyporeflective areas [43]. Pseudocysts develop due to fluid accumula-
tion in the intrastromal spaces separating the stromal lamellae because of the sudden
egress of the fluid. The word “pseudocyst” was coined because the cyst wall forma-
tion does not involve epithelium. These pseudocysts are initially small in size and
multiple in number but eventually they fuse to become a large cyst [44]. Sometimes,
the fluid reaches the anterior stroma leading to bullous swelling of the corneal
surface, referred as “epitheliocoele” in literature [45]. High-resolution ASOCT can
demonstrate a breach in the continuity of the DM and stromal access to the aqueous
humor [46]. ASOCT can also demonstrate a slow healing process of polygonal defects
in the DM that is caused by its rupture. Healing of DM takes place slowly than that
of the corneal epithelium. Hence, decrease in the size of DM defect can be witnessed
after a week, and in the due course, the corneal edema which is seen as hypo-reflective/
dark areas gets reduced eventually allowing the visibility of hyper-reflective shadows
in the sub epithelial area marks the healing of acute hydrops [46].

Confocal microscopy is a new modality in the investigation process; though it
is more useful for academic purpose, it gives an insight into the pathology of the
disease [47]. Confocal microscope acts like an in vivo electron microscope; hence,
the technique is termed as in vivo confocal microscopy (IVCM). It analyses the
anterior and middle parts of the cornea. Bullae are seen in the superficial and wing
layers of the corneal epithelium. Stromal area shows hyper-reflective band-shaped
structures in the anterior stroma, and microfilms are seen in the mid and anterior
stroma. Hyper-reflective cells are seen in the anterior stroma and epithelium, which
are presumed to be inflammatory cells [48].

8. Complications

Acute hydrops commonly resolves spontaneously over a period of 4-8 weeks;
however, it can be delayed because of large DM deficit or poor functionality of the
corneal endothelial cells [49].

The risk of corneal perforation in cases of extreme penetration of fluid into
the anterior stromal space is also present, which results in the formation of the
epithelial bullae [50]. Any trivial trauma or ocular rubbing causes the rupture of the
bullae, which may lead to shallowing of an anterior chamber and the formation of
an anterior synechiae. Upon healing, it forms a dense vascularized corneal scar with
extremely poor prognosis [51].

Corneal vascularization can be accentuated with a delay in the process of corneal
edema reduction. Long-term cornea edema is associated with a risk of the release
of vascular endothelial growth factors that induces corneal vasculogenesis from the
peripheral corneal vessels, eventually leading to the formation of a vascularized
corneal scar [51].

Bullous rupture of the corneal surface exposes raw stroma to the tear film and
ocular commensals. Poor hygienic practices may lead to infectious keratitis [52].
Mostly bacterial keratitis has been reported; however, fungal keratitis has also been
reported in the tropical countries. In developing countries such as India, the use of
over-the-counter topical corticosteroids without clinical consultation is rampant
that has led to the development of debilitating infectious keratitis [53].

9. Differential diagnosis

Penetrating ocular trauma may mimic acute hydrops; however, it has a recent
background history of trauma and entry wound [54].
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Calotropis keratitis commonly seen in the Indian subcontinent seen after
accidental fall of whitish fluid while plucking the flower of the plant [55]. It may
be localized or diffused and mostly presents as emergency having a perfectly
normal vision before the fall. Upon slit lamp examination, a typical DM folds
with the corneal edema are visible, and no breach in the continuity of DM is
detected.

Post-herpetic endothelial dysfunctions are seen typically after an episode of
herpetic keratitis or most likely after herpes zoster ophthalmicus. Clinically, it is
seen as the localized corneal edema with pigment dusting of the endothelium and
the presence of sectoral iris atrophy in case of herpes zoster [56, 57].

CMYV Kkeratitis is another rarely seen condition of the cornea that can be consid-
ered for the differential diagnosis of acute hydrops, and it typically manifests as a
focal corneal edema and appears as a coin-shaped lesion [58].

Nuclear fragment retention after cataract surgery is a rare but a significant
differential diagnosis, which manifests as on- and off-focal corneal edema mostly in
the inferior quadrant. A careful clinical examination of an anterior segment reveals
the presence of nuclear fragments and a positive history of recurrent anterior
uveitis [59].

Bullous keratopathy due to Fuchs endothelial corneal dystrophy can be ruled out
by seeing the other eye [60].

10. Medical management

Medical management is mostly supportive and not definitive [61]. Pressure
bandages may be helpful in reducing the corneal edema; however, it increases
the risk of bullous rupture with vascularized corneal scar. A study reported that
the use of bandage contact lens decreases the corneal edema but increases the
corneal hypoxia, which delays the process of corneal healing and causes dense
scar [62]. Topical hypertonic saline (5%) eye drops are used to treat acute corneal
edema to enhance dryness of the cornea, and these eye drops work by pulling
the water out of the cornea thorough an osmotic pattern. Additionally, the risk
of epithelial breakage is decreased, which in turn decreases the risk of second-
ary infection. However, the patients experience a severe burning sensation and
discomfort after using the eye drop. Hence, the efficacy of these eye drops is
questionable. Topical corticosteroid eye drops can be used to decrease
the inflammation and improve the endothelial functioning. These may also
decrease the corneal neovascularization and symptomatic ocular discomfort.
However, the topical corticosteroid eye drop usage is associated with an
increased risk of steroid-induced glaucoma, cataract, and infectious keratitis
over the ruptured bullae. Hence, it should be used cautiously with close
follow-ups [61].

11. Surgical management

Various modalities of surgical management have been mentioned in literature to
augment the process of corneal healing. All the methods mentioned in literature are
equally efficient, providing a favorable visual outcome and preventing the forma-
tion of the corneal vascularization.
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Primary surgical intention for acute hydrops is not to restore or confer a normal
vision but hasten the resolution of corneal edema which eventually leads to a non-
vascularised scar improving the prognosis for corneal transplantation.

Surgical modalities are as follows:

Compressive sutures (Figures 3 and 4)

* Intracameral gas

Combination of compressive sutures and intracameral gas (Figure 5)

* Deep anterior lamellar keratoplasty (DALK)

Mini Descemet membrane endothelial keratoplasty (mini-DMEK)

Figure 3.
Showing resolution of corneal edema after application of compressive sutures.

Figure 4.
Complete resolution of corneal edema with clear visualization of anterior segment structures.
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Figure 5.
Combination of compressive sutures with intracameral SF6 gas (Dr.Devi Aiswarya Das).

12. Intracameral gas

It is considered a treatment of choice for acute hydrops. Gas or air in an anterior
chamber has 2 distinct advantages: first, it aids in the unrolling of the DM, and
second, it provides compression of the DM to the swollen stroma [63, 64]. An injec-
tion of air was tried but it got absorbed in 3 days without giving enough tamponade
to the DM. Hence, a nonexpansile mixture of the expansile gas with air is used to
maintain the tamponade effect for a minimum period of 10 days. Sulfur hexafluoride
(SF6) and perfluoropropane (C3F8) are commonly used by the corneal surgeons
worldwide to produce a prolonged tamponade effect. SF6 (0.1 mL, 20%) was used
by Panda et al. in their study of 9 cases that showed only marginal improvement in 3
cases and the remaining 6 cases required reintroduction of the gas twice or more for
complete resolution of the corneal edema [63]. Basu et al. performed a comparative
study on patients with acute hydrops [64]. One arm of the patients was treated with
14% nonexpansile perfluoropropane (C3F8), wheras the other arm was treated with
conventional medical therapy. A faster resolution of the corneal edema was observed
in the eyes of patients who were surgically treated, and the improvement was statisti-
cally significant. All the patients were advised to rest in a supine position for a period
of 10 days to augment the tamponade effect. Histopathological studies on resolved
hydrops have confirmed that DM adherence to the stroma is superior with intracam-
eral gas compared with that without any treatment. All authors in the referred studies
have recommended the continuation of conventional medical therapy of hypertonic
saline eye drops, corticosteroids, and antiglaucoma drugs in the postoperative period.
Nevertheless, acute hydrops treated using intracameral gas poses a high risk of pupil-
lary block glaucoma, Urrets-Zavala syndrome, stromal cleft, and accidental seepage
of air bubbles into the cornea stroma resembles a ‘fish egg’ in appearance in a slit
lamp experiment. Hence, an inferior surgical iridectomy is recommended to prevent
any instances of acute congestive glaucoma. Moreover, the intracameral gas should be
introduced along the iris plane and in a single bubble because faulty introduction of
the gas may lead to the bursting of the bubble into multiple bubbles that will nullify
the tamponade effect and cause accidental damage to the corneal endothelium and
seepage of the bubbles into the stroma.
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13. Compressive sutures

Full-thickness corneal sutures involving the edematous part of the cornea
have facilitated decrease in the corneal edema [30]. Here a 10-0 nylon suture is
used to tamponade the Descemet membrane to corneal stroma. Initially a small
paracentesis is created at the limbus of cornea followed by injection of intracam-
eral pilocarpine to constrict the pupil. Viscoelastics are injected into the anterior
chamber next to protect iris and crystalline lens. A 10-0 nylon suture is introduced
at the junction of edematous and non-edematous cornea, the curved needle
once enters the anterior chamber is taken out from the farthest end of the needle
with a distance equivalent to the length of the needle and is tied over the corneal
surface. The knot of a suture is buried into the cornea. Multiple sutures can be
applied depending on the extent of the edema. The basic purpose of compressive
sutures is not to oppose the torn DM ends but just to provide a support to the DM
by bringing it near to the stroma. Once DM is opposed to the stromal endothelial
cells, it starts pumping out a fluid from the stroma by active filtration and thereby
helps in faster resolution of the corneal edema. Subudhi et al. demonstrated an
excellent visual outcome associated with the use of compressive sutures alone in
the management of acute hydrops; visual acuity of the patient improved from
hand movements to 6/24 by the end of 2 months with a minimal scar at the center
and no evidence of any corneal vascularization. Compressive sutures can be
applied in a linear manner in case of small hydrops, but if hydrops is large enough
to cover nearly all portions of the cornea, then a rectangular pattern involving
all the quadrants can be applied. Pads and bandages can be given for a period of
24 hours to prevent any egress of fluid from the anterior chamber and its shal-
lowing. Intracameral antibiotics can be given as prophylactic measures. These
sutures stay for a period of 2 to 3 weeks; loosening of the sutures causes loss in
the tamponade effect and should be removed in an operating room under strict
aseptic precautions. Adverse effects observed are the shallow anterior chamber on
Post-Operative Day 1; however, they got resolved in 24 hours without any further
intervention. Nonetheless, these patients were advised to perform their routine
activity after 5 days of rest. No patients were advised to have a mandatory supine
position as in the treatment with intracameral gas injection.

14. Combination of intracameral gas and compressive sutures

In a view of complications associated with the single use of the intracameral
gas or compressive sutures, Rajaraman and associates suggested a combination of
compressive sutures and intracameral gas to incorporate the advantages of both the
procedures [64]. Compressive sutures prevent the seepage of air bubbles into the
intrastromal space and the intracameral gas prevents the shallowing of the anterior
chamber in an immediate postoperative period following the application of the
full-thickness compressive sutures.

15. Anterior chamber paracenetesis with thermokeratoplasty

In this procedure paracentesis is done to reduce the intraocular pressure so that
the tension of aqueous humor over Descemet membrane is eliminated subsequently
thermokeratoplasty is done to induce stromal contraction thus outward expansion
of stroma due to edematous cornea is reduced. Hence eventually hastening the
resolution of acute hydrops [65].
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16. DALK

Anterior lamellar keratoplasty [66] in the pretext of acute hydrops is a difficult
and complex procedure. Susan et al. recommended a modified DALK method for
the treatment of acute hydrops. Small aliquots of air are injected into the stroma,
immediately above the predescemeticdua layer and away from the site of the des-
cemet rupture. Subsequently, a lamellar dissection with the help of a blunt crescent
is performed carefully in the peripheral cornea, while avoiding the site of the DM
tear initially, and then dissected at the center by slowly peeling the stroma. A donor
cornea of the same size or 0.25 mm oversize is placed over the raw recipient corneal
surface and anchored with the help of twelve or sixteen 10-0 nylon sutures. This
averts the two-step procedure, which is normally adopted for acute hydrops, and
thus, the visual rehabilitation is gained with a single procedure. However, because
of edematous cornea, the risk of augmentation of the DM tear is increased and
locating a correct plane for dissection becomes difficult for the surgeons. Therefore,
surgeons are advised to become well-versed with anterior lamellar keratoplasty
before advocating this procedure.

17. Mini-DMEK

It is another [67] procedure described in literature. Bachmann and associates
described a novel technique of replacing the torn DM with a well-circumscribed
donor DM. In this technique, the peripheral torn DM is trimmed and stripped up
to the center of the cornea. But the crux of the matter here is that all the maneuvers
are performed with an intraoperative OCT-enabled microscope. The donor DM
is prepared depending on the defect and is introduced into the anterior chamber
with the help of the lens cartridge. Rolled DM enters into the anterior chamber
and is unrolled with the help of 2 Sinskey hooks by pressing one end and ironing
the other end of corneal lenticule over the anterior corneal surface. Determination
of the correct orientation of the lenticule in the anterior chamber is essential for
surgeons, which is not possible with a routine microscope because the visibility of
the anterior chamber remains poor. With the dense corneal edema, this procedure
is highly inappropriate in the routine clinical settings. Hence, approaching through
the anterior surface of cornea rather than posterior corneal surface is preferable.

18. Conclusion

Management of acute hydrops influences a long-term visual outcome. ASOCT
provides a superior insight into the pathogenesis of acute hydrops. An early
intervention is essential for preventing the vascularization of the corneal scar and
eventually improving the prognosis of penetrating keratoplasty. Compression
sutures, intra cameral gas, and a combination of both are efficient techniques
described in the literature with a proven efficacy in hastening the resolution of the
corneal edema. DALK and mini-DMEK are highly skillful procedures with ques-
tionable reproducibility by multiple surgeons. Prevention of acute hydrops should
be a primary goal of all corneal surgeons in the future. An early identification and
management of progressive keratoconus, prevention of eye rubbing, and avoidance
of the professional sports may decrease the incidence of acute hydrops.
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