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In cases of ocular trauma where severe corneal and retinal 
injury occur together, a temporary keratoprosthesis (TKP) is 
often a last resort to allow posterior segment visualisation, 
enabling vitreoretinal surgery which can then be combined 
with a penetrating keratoplasty (PKP) to restore corneal 
clarity in a single operation. We aimed to assess visual 
outcomes following combined PKP and vitreoretinal surgery 
with the use of a TKP for cases of ocular trauma. 

A systematic literature review was performed following 
PRISMA guidelines. CENTRAL, MEDLINE, Embase, ISRCTN 
registry and ClinicalTrials.gov were searched from inception 
to 27 April 2023. Randomised and non-randomised studies 
assessing visual outcomes after combined surgery were 
eligible for inclusion. Outcomes included change in best-
corrected visual acuity, corneal graft survival and retinal 
reattachment at final follow-up. Proportional meta-analysis 
was used to estimate the overall rate of the primary 
outcomes. The risk of bias in non-randomised studies was 
assessed using the Joanna Briggs Instituted (JBI) checklist.2

Methods

A total of 22 studies met inclusion criteria reporting 420 eyes. All studies were 
retrospective and non-randomised with follow up times ranging from 2 to 91 
months, with at least 79% of outcomes reported after 6 months. After 
combined surgery the rate of corneal graft survival was 55% (95% CI 0.46-
0.66; I2 28%, p<0.11), successful retinal attachment was 81% (95% CI 0.71-
0.92; I2 0%, p <0.99) and improved visual acuity, when compared to no change 
or decrease in visual acuity, was 47% (95% CI 0.36-0.61; I2 40%, p = 0.04).

Results

Conclusion
We found that when vitreoretinal surgery using a TKP and PKP are combined, 
anatomically successful retinal reattachment is likely, approximately half of 
corneal grafts survive and a similar proportion of patients benefit in terms of 
improved visual acuity, compared to their preoperative function. This 
systematic review of the available literature may help inform surgeons making 
risk-benefit decisions around the use of a TKP in ocular trauma management.Outcomes Incidence (95% CI) No. of eyes (studies) 

Clear corneal graft 0.55 (0.46-0.66) 420 (22)
Successful retinal attachment 0.81 (0.71-0.92) 280 (19)
Improved visual acuity 0.47 (0.36-0.61) 266 (18)

Temporary keratoprosthesis models. Angled and placement views of 
the (A) Landers-Foulks type 2 model, and the (B) Eckardt model. 
Images adapted from from Moshirfar et al. (2023)1.

Example of (A) total corneal trephination, (B) placement of Eckardt temporary keratoprosthesis, and 
(C) vitrectomy in a case of penetrating trauma. Images adapted from Bové et al. (2019)3.

Proportional meta-analyses of included studies reporting visual outcomes at final follow-up after 
combined vitreoretinal surgery and penetrating keratoplasty with temporary keratoprosthesis. 
(A) corneal graft survival; (B) successful retinal attachment at follow-up; (C) improved visual acuity. 
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Fig. 2 – A : Cross-sectional and anterior views of the Eckardt model. 
B : Angled and placement views of the Eckardt model. 

5. Modi!ed versions of Landers—wide-!eld 
Following the success of the Eckardt type, the Landers’ group 
began to develop modi!cations of their original TKPs. The 
!rst redesign was accomplished by Toth and coworkers in 
1993 and was termed the Landers wide-!eld model.51 This 
TKP type provides a solution to the deterioration associated 
with the Eckardt model while simultaneously improving upon 
the limited view of the posterior segment seen in the original 
Landers-Foulks types. Regions of the posterior cavity, such as 
the pars plana and vitreous base, that were previously inac- 
cessible because of the narrow optical zone associated with 
the original Landers-Foulks types could now be visualized. 
The success of the wide-!eld type derives, in part, from its in- 
corporating features from the previous two TKP generations. 

Like the original Landers-Foulks types, the wide-!eld TKP 
is made of PMMA that facilitates its reuse without the risk of 
being pierced when placing sutures.55 This TKP is available in 
diameters of 6.2 mm, 7.2 mm, and 8.2 mm and possesses a 
15.5 mm anterior radius curvature.51 Following its initial de- 
velopment, the length of this device’s central corneal cylin- 
der was decreased to 1 mm to avoid injury to the lens or IOL 
in phakic or pseudophakic eyes respectively.4 Similar to the 
Eckardt model, this 1 mm central trunk of the wide-!eld type 
makes it far shorter than the original Lander-Foulks models.53 
Of signi!cant note is the inclusion of six marginal suturing 

holes in the peripheral "ange that allow for the passage of 
strong anchoring sutures and a resulting watertight seal that 
can be maintained during such maneuvers as scleral depres- 
sion ( Figs. 4 A and 4 B).51 This feature reduces the degree of in- 
vasiveness associated with the wide-!eld model compared to 
screwing the original Landers-Foulks types into place. 

Surgical use of the Landers wide-!eld model follows the 
initial steps outlined in the original Landers-Foulks types with 
several ensuing alterations. Before placing the wide-!eld TKP, 
it should be noted that this type is designed to be only slightly 
larger than the trephined corneal bed. Toth and coworkers 
specify this measurement to be 0.2 mm, e.g., a 6.2 mm wide- 
!eld TKP is meant to be only 0.2 mm larger than the 6 mm 
corneal window.51 This represents a signi!cant deviation from 
the 0.5 mm distance recommended by Eckardt in his model.14 
Toth and coworkers further specify that the wide-!eld TKP 
be !xated by placing 6 8-0 vicryl (or larger) sutures parallel 
to the limbus at a 30% depth. Placing sutures into the limbus 
should be performed instead of suturing into the cornea to 
avoid damage to the corneal bed and thereby improve corneal 
graft success.51 

Alternatively, Smith and coworkers demonstrated that pre- 
placing two sutures at partial-thickness and parallel to the 
corneal limbus can be used to secure the Landers wide-!eld 
TKP in place. In this method, two 6-0 silk sutures are placed on 
opposite sides of the wide-!eld TKP before trephination, with 
suture ends placed through adjacent predrilled holes. The ker- 
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Fig. 1 – Continued 
fers surgeons the freedom to position the sutures where they 
deem best. However, this ability to pierce the Eckardt model in 
self-selected areas is not without consequences. Although the 
Eckardt type may be reused, it is designed to be disposable as 
it is prone to clouding and damage by multiple suture tracks 
following repeated use.51 , 53 

Surgeons have also adjusted the procedure originally out- 
lined by Eckardt in 1987. In 1990, Gross and coworkers reported 
using a 6.75 mm trephine before !xation of an Eckardt TKP 
with a 7.0 mm cylinder diameter because of dif!culty !tting 
the model with Eckardt’s recommended 6.5 mm trephine.20 
Ikeda similarly reported using a larger trephination of 7.0 mm 
to counter the tight placement of the keratoprosthesis when 
using only a 6.5 mm trephine.25 In the case of the former study, 
the authors found that an adequate seal could still be main- 
tained with the larger trephine. Furthermore, they reported 
using 8-0 nylon sutures to mitigate the cheesewiring experi- 
enced when !xing the Eckardt type with 10-0 nylon.20 
4. Modi!ed Eckardt model—Eckardt type II 
Duncker and Eckardt made several relatively minor adjust- 
ments to the Eckardt model in the year following its introduc- 
tion. Namely, the optical cylinder length was reduced from the 
previously reported 2.8 mm to a modi!ed 1.6 mm, and the con- 
cave inner surface was increased from 4.4 mm to 4.7 mm in 

the Eckardt type II ( Figs. 3 A and 3 B). The surgical technique 
used for the original Eckardt TKP was also modi!ed with the 
introduction of this revised model. Instead of placing sutures 
in each of the four quadrants, Duncker and Eckardt secured 
the Eckardt type II with only two interrupted 10.0 nylon su- 
tures at 4 o’clock and 8 o’clock positions and inserted an irri- 
gation cystotome underneath the TKP. The result was an in- 
complete seal which allowed the surgeons to lift the TKP for 
irrigation/aspiration tip insertion during capsulotomy in pa- 
tients undergoing combined PK, cataract extraction, and IOL 
placement. They reported that the keratoprosthesis provided 
an adequate and undistorted view in treating !ve eyes under- 
going triple procedures. Although suturing the Eckardt type II 
may extend the operating time by several minutes compared 
to an open sky technique, the authors reasoned that this dis- 
advantage was overshadowed by the enhanced visualization 
offered by the TKP.13 

The method demonstrated by Duncker and Eckardt was 
later revised by Menapace and coworkers in their 1990 study. 
They praised the Eckardt type II’s reduced cylinder length as 
more appropriate for capsulotomy, but they highlighted the 
lack of a closed system associated with Duncker and Eckardt’s 
partial seal technique. To mitigate this perceived shortcoming, 
Menapace and coworkers placed four 9-0 nylon sutures in the 
1:30, 4:30, 7:30, and 10:30 positions with subsequent tear. An 
adequate seal of the anterior chamber was reported in each 
case with this revised technique.40 
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