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The method of the exophthalmos value predicted
calculation when planning the orbital decompression
procedure in patients with endocrine ophthalmopathy
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BACKGROUND: The most effective method of surgical treatment of lipogenic and mixed forms of edematous exophthalmos
is currently the internal orbital decompression. During this surgical procedure, the excessive pathologically altered adipose
tissue is removed from the external and the internal surgical spaces of the orbit. Many scientists are developing methods for
calculating the volume of orbital fat, but the question on developing a method for predicted exophthalmos after internal orbital
decompression, which could be used without attracting additional equipment and software, is easy to learn and does not re-
quire a long calculation time, remains actual. This method has to take into account the individual features of the patient’s orbital
structure and be used for calculations in the bilateral proptosis correction.

AIM: To develop and evaluate the effectiveness of a new method for calculating the eyeball position after orbital decom-
pression.

MATERIALS AND METHODS: 64 patients (126 orbits) with lipogenic and mixed forms of endocrine ophthalmopathy were
examined. All patients underwent internal orbital decompression, during which the orbital fat was removed, the volume of
which was calculated according to the developed original method. Patients underwent ophthalmological examination and MSCT
before surgery and 6 months after it. .

RESULTS: As aresult of orbital decompression in the examined group, a decrease in proptosis was observed in all patients,
and the exophthalmos calculated by the method corresponded to the eyeball position in patients in 6 months after surgery.
The level of statistical significance of the planned postoperative eyeball position in relation to the actual postoperative exoph-
thalmos calculated according to the Student's t-test was 0.98 (p > 0.05), that is, it can be argued that the groups do not differ,
and no statistically significant differences were found.

CONCLUSIONS: The developed method for calculating the estimated postoperative exophthalmos is effective without us-
ing additional software. This technique allows you to achieve a symmetrical eyeball position in the postoperative period and to
reduce the risk of complications.
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MetoauKa nporHo3uMpyeMoro pacyéta BeJIM4YMHbDI
BbICTOSAHUA FNa3HbIX A6J10K NpYU NNaHUPOBAHUU
onepauuu feKoMnpeccum opéuTbl y 6051bHbIX
3HAOKPUHHOU oTanbMonaTmen
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Beederue. Hanbonee ahpeKTMBHBIM METOAOM XMPYPTUYECKOr0 SIeYEHUs JIMMOTEHHOM U CMeLLaHHOW (OpMbl OTEYHOrO
3K30()TaNbMa B HACTOSALLMIA MOMEHT AIBNIAIETCA BHYTPEHHSAS AeKOMMpeccus opbuTkl. B xoae AaHHOro onepaTvBHOMO BMeLUa-
TeNbCTBA BbINOMHACTCA YAaneHue M36bITOYHON NaToNOrMYecKN U3MEHEHHON XMPOBOM KNETYATKU U3 HAPYKHOTO W BHYTPEH-
Hero XUpYpruyeckux NpocTpaHcTB opbuTbl. MHOrMMYM y4éHbIMK pa3pabaTbiBaloTcs METOAMKM pacyéTa 06bEMa opbuTtansHoi
K/IeT4aTKy, HO OCTAETCA aKTyanbHbIM BOMPOC pa3paboTky MeTOAMKM NMPOrHO3WpYeMoro BbICTOSHMSA rnasHoro sbnoka nocne
BbIMOHEHUS BHYTPEHHEN [eKOMNpeccun opbuThl, KOTOpas MOXET ObiTb UCMOMb30BaHa 6e3 NpUMeHEeHUs LOMOSTHUTENBHO-
ro obopynoBaHMs W NPOrpaMMHOro 0becneyeHns, NpocTa B OCBOEHUM U He TpebyeT AMTENbHOr0 BPEMEHU LIS pacyéTa.
3Ta MeTOAMKa [0MKHA YYMTbIBaTb MHAMBMAYANbHbIE 0COBEHHOCTM CTPOEHUS OpPBUT NaLMeHTa U NPUMEHATLCA A PacyeToB
NPy KOPPeKLMM [BYCTOPOHHErO 3K30(TanbMa.

Lleny — paspabotatb 1 oueHUTb 3DGEKTUBHOCTL HOBOW METOAMKW pacyéTa MOSIOXKEHMs MNasHbIX 60K Y MauMeHToB
rnocne BbIMOJIHEHHO onepauuy AeKoMIpeccu opouT.

Mamepuanel u Memodel. 06cnenoBany 64 6onbHbIX (126 0pOUT) MMNOTEHHOI U CMeLLaHHO (HOpMaMU 3HAOKPUHHOM 0¢-
TanbMonatun. BceM naumeHTam bbina BhiNosIHEHa BHYTPEHHSIA eKOMNpeccus opbuTbl, € yAaneHueM opouTanbHoN KneTyar-
K1, 06BEM KOTOPOW paccunTbiBany No pa3paboTaHHOW aBTOpaMW OpUrMHaNbHOK MeToamKe. MauueHTam npoBoaunu odTanb-
Monormyeckoe 0bcnefoBaHue U BbIMOMHAAM MyNbTUCTIMPaNbHYID KOMMbIOTEPHYI0 TOMorpadmio o OnepaTMBHOIO NeyeHus
1 yepe3 6 Mec. Nocsie onepaLum.

Pe3synemamei. B pesynbTate nekoMnpeccun opbuTbl y Bcex NauveHToB obcreflyeMoii rpynnbl 0TMEYanoch yMeHblue-
HWe CTeneHu 3K30(TanbMa, a pacCcyMTaHHbIe N0 METOAMKE BENMYMHBI BbICTOSHUS TNa3HbIX S6J0K COOTBETCTBOBAIM NOJO-
JKEHMIO TNa3sHbIX A0MOK Y MaLMEHTOB MOC/E OMepaTUBHbIX BMELLATENLCTB Yepe3 6 Mec. YpoBeHb CTaTUCTUYECKONM 3HaYMMO-
CTW, PacCUMUTaHHbIA cornacHo t-kputeputo CTblOAEHTa, MNaHMpyemMoro nocseonepaLuyoHHOro NoioKeHWs rnasHoro sbnoka
M0 OTHOLLEHMIO K (haKTMYeCKOMyY nocneonepaumoHHoMy 3k3o¢TanbMy coctasun 0,98 (p > 0,05), To ecTb MOXKHO YTBEPIKAATD,
YTO FPYNMbl HE OT/INYAKTCA U CTAaTUCTUYECKW 3HAYUMBIX Pa3INyMiA He BbISBIIEHO.

Beigodel. PaspaboTaHHas MeTOLMKA pacyéTa NpeanoaraeMoro nocieonepaLmMoHHOro BbICTOSHUS rasHoro sbnoka pa-
boTaeT 6e3 NoMoLLM LONONHUTENLHOMO MPOrpaMMHOro obecneyeHus. [laHHas MeToMKa NO3BONAET paccumTaTh IQPEKT CUM-
METPUYHOrO MONOXKEHUS rNa3HbIX 60K B NOCNE0NepaUroHHOM NEPUOAE W CHU3UTb PUCK Pa3BUTUS OCOMKHEHM.

KntoueBble cnoBa: 3HAO0KpUHHAsA 0hTaNbMoNaTUs; BHYTPEHHSA LeKoMNpeccus opouThl; IMNoreHHas U cMellaHHas dopma
OTEYHOr0 3K30(TanbMa.
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BACKGROUND

Endocrine ophthalmopathy (EOP) is an independent pro-
gressive autoimmune disease with a primary lesion of the
adipose tissue of the orbit and oculomotor muscles and of
the lacrimal gland with secondary involvement of the eye
(i.e., optic neuropathy, corneal damage, and increased intra-
ocular pressure) [1].

According to the classification of the Academician of the
Russian Academy of Sciences (RAS) A.F. Brovkina, one of the
manifestations of EOP is edematous exophthalmos, which
has three course variants, namely, muscular, mixed, and lip-
ogenic [2]. Currently, the most effective surgical treatment of
the lipogenic and mixed forms of edematous exophthalmos
is internal decompression of the orbit [3]. For this surgical
procedure, excess pathologically damaged adipose tissues
were removed from the external and internal surgical spaces
of the orbit [4]. To date, various surgical options have been
proposed and described [5, 6].

To determine the volume of the orbital tissue, various
programs have been developed based on the examination
results such as magnetic resonance imaging [7-11] and mul-
tispiral computed tomography (MSCT) [12-15]. However, all
the proposed methods for calculating the soft tissue volume
are not adapted to the calculations of predicting the post-
operative protrusion of the eyeball, as they are quite time
consuming and dependent on the operator [3].

The literature provides single publications describing
the calculation methods used when planning internal or-
bital decompression in patients with EOP. Thus, in 2009, the
Academician of RAS A.F. Brovkina et al. [16] proposed an
equation for calculating the excess orbital tissue volume to
be removed during decompression. However, they only used
this equation for unilateral exophthalmos; as the calculation
method is laborious, they recommended the use of a special
computer program.

In 2021, Li et al. [17] proposed a new radiological method
for evaluating the plastic effect of modified transconjunctival
orbital fat decompression surgery in patients with inactive
EOP. The authors measured the degree of eyeball protru-
sion according to the findings of spiral computed tomography
6 months before and after surgery on the Infiniti workstation.
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Based on the results obtained using the Philips IntelliSpace
Portal, elliptical area and linear segment measurement tools,
the standard elliptical cone volume equation was used to
calculate the internal volume of the muscle cone. Changes
in eyeball protrusion and the internal volume of the muscle
cone before and after surgery were assessed [17]. Moreover,
this technique is intended to assess the efficiency of the sur-
gery and has not been evaluated in terms of prognosis.

Thus, the need to develop a method for predicting eyeball
protrusion after internal decompression of the orbit, which
can be used without additional equipment and software, is
easy to learn, and does take a long calculation time, remains
relevant. The technique should consider individual character-
istics of the structure of the orbits and be used for calcula-
tions in the correction of bilateral exophthalmos.

This study aimed to develop and evaluate the efficiency
of a new method for calculating the position of the eyeballs
after orbital decompression.

MATERIALS AND METHODS

Sixty-six patients (128 orbits) with endocrine ophthal-
mopathy, including 54 women and 12 men aged 28-62
(mean age, 41 + 8) years, were examined. A lipogenic EOP
was identified in 45 patients and a mixed variant in 21 pa-
tients. In all patients, EOP was in remission. We used a dif-
ferent algorithm of actions to detect the myogenic form,
so this group of patients was not included in the present
study. Simultaneous (bilateral) internal decompression of
the orbit was performed in 62 patients, and four patients
underwent surgery of one orbit (unilateral). Preoperatively,
a standard ophthalmological examination was performed to
determine visual acuity, intraocular pressure, and status of
the eyelids and periorbital region (Table 1).

All patients underwent MSCT of the orbits using various
devices Philips Brilliance 64, Somatom Sensation 40, and
Aquilion ONE640 (Table 2).

The MSCT study was conducted according to the follow-
ing methods in the middle zone of the face. Before the study,
the patient’s head was freed from all removable elements.
With the patient in the supine position, the head was placed
exactly in the standard headrest, and positioning was

Table 1. Clinical signs of patients depending on the course of endocrine oftalmopathy
Tabnuua 1. KnuHuuyeckue npusHaKkm y NaumeHToB ¢ 3HAOKPUHHON odTanbMonaTvei B 3aBUCUMOCTY OT BapuaHTa 3abos1eBaHms

Clinical signs Mixed variant (42 orbits) Lipogenic variant (84 orbits)

Visual acuity, average 0.81+0.3 0.99 + 0.04
Intraocular pressure, mm Hg 22+1.0 21+1.2

Degree of eye protrusion, mm 27.6 £2.0 23.6+17
Lagophthalmos 8 -

Restrictions in eye movement 27 1

Conjunctival chemosis 3 -
Characteristics of the borders and the presence of edema 24 -

of the optic nerve head
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Table 2. The parameters of the MDCT analysis of the orbit
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Tabnuua 2. MapameTpbl MyNbTUCTIMPASILHON KOMMbIOTEPHOI TOMOrpadum UCCNe0BaHNS Ma3HNL,

Parameter Apparatus type
Somatom Sensation 40 | Aquilion One 640 Philips Brilliance 64

Imaging mode Spiral Volumetric Spiral

Slice thickness, mm 1 0.5 0.9

Gantry angle 0 0 0

Field of study, cm 20-30 16 20
Voltage, kV 100 100 120
Current, mA 60 60 100

Time of one revolution of the tube, s 0.37 up to 0.275 0.5

Study duration, s 4-5 1-2 3-4

Type of reconstruction Bone, soft tissue

Bone, soft tissue Bone, soft tissue

Table 3. Analysis of the results of preoperative and postoperative measurements of orbital structures
Ta6nuua 3. AHanus pe3ynbTaToB NpeAonepaLMoHHbIX 1 MOCAE0NepaLMOHHbIX U3MepPEeHUii CTPYKTYp opouT

Parameters Values
Exophthalmos before surgery, mm 2494 25
Removable volume calculated using the method, mL 3.323+£0.9
Volume of adipose tissue removed during surgery, mL 331909
Postoperative exophthalmos assumed according to the method, mm 21.63+22
Result of surgical treatment of eyeball protrusion after 6 months, mm 21.65+22
Significance level 0.98

performed according to the laser marks in three mutually per-
pendicular projections. The patient’'s eyes were open at the
time of scanning, and the gaze was fixed centrally. To mark
the study area, a topogram was obtained in a lateral projection,
and the scanning area included the skull (from the upper bor-
der of the soft tissues of the cranial vault to the lower contour
of the upper jaw teeth), with the jaws in habitual occlusion.
Tomography was performed in the axial plane in the spiral or
volumetric scanning modes (depending on the apparatus type)
with a slice thickness of 0.5-1.0 mm, depending on the appa-
ratus capabilities, using reconstruction in bone and soft tissue
modes. Multiplanar reconstructions in the coronal and sagit-
tal planes were added to the MSCT data obtained in the axial
plane. Virtual three-dimensional (3D) models were constructed
using the standard software of each tomograph.

Calculation method

Based on the data obtained as a result of the MSCT study,
3D reconstruction was performed in the bone mode in the
axial plane. A mark was placed on the zygomaticoorbital su-
ture (Fig. 1), through which the frontal plane was constructed
(Fig. 2), and the entire array of data located behind this plane
was eliminated from further analysis. Then, the orbital entry
was contoured, and the entire data array located outside the
resulting circle was also excluded from further calculations
(Fig. 3). In the axial plane, a perpendicular line was drawn
from the top of the cornea to the frontal plane. The resulting

DOl https://doiorg/10.17816/0V88012

segment is the size of the exophthalmos (AB, before sur-
gery). From the same point (from the corneal apex), a parallel
segment AC was made, which was the estimated size of the
exophthalmos after surgery (Fig. 4). Another frontal plane
was drawn through point C, and the fragment of the image
that included point A was removed. The volume of the result-
ing disk-shaped fragment was calculated (Fig. 5), and data
obtained were entered into the table (Table 3).

RESULTS AND DISCUSSION

From 2014 to 2020, we examined and analyzed 128 or-
bits in 66 patients with exophthalmos in EOP, who underwent
surgical internal decompression of the orbit. Our findings re-
vealed that preoperative exophthalmos varies from 18.6 to
33.0 mm (average 24.94 + 2.5 mm).

Yatsenko et al. [12] presented a technique and based on
which published calculations for the volumes of the bone or-
bit, adipose tissues, and other soft tissue structures. How-
ever, this method is time consuming and requires additional
equipment, so the authors did not use this method for si-
multaneous bilateral decompression or an anophthalmic syn-
drome on the contralateral side [12]. When planning the vol-
ume for removal (mean value, 3.319 + 0.9 ml), we consider
the EOP variant, initial size of eyeball protrusion, and statisti-
cal data of patients who underwent surgery. The adipose tis-
sue volume removed during surgery coincided completely with
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Fig. 1. MSCT. 3D reconstruction in the
bone mode. Placing a mark on the or-
bital seam of one of the orbits (arrow)
Puc. 1. MynbtucnupanbHas KoMmbto-
TepHas ToMorpaMMa. KocTHBIN pexum.
3D-peKoHcTpyKumMa. Bup cnepepu.

MeTka Ha cKynoopbutanbHoM LiBe
(cTpenka)

Vol 14(3) 2021

Fig. 2. MSCT. 3D reconstruction in the
bone mode. Alignment of the frontal
plane and removal of the data array
located behind this plane

Puc. 2. MynbtucnupanbHas KoMnbio-
TepHas ToMorpamma. KocTHein pe-
XuM. 3D-peKoHcTpyKums. Bug ceepxy.
Co3paHue GpoHTanbHOM NAOCKOCTM

Ophthalmalogy Journal

Fig. 3. MSCT. 3D reconstruction in soft tissue mode.
Noted the zone of entry into the orbit along the bone
edge, images outside the circle were excluded from
the analysis

Puc. 3. MynbtucnupanbHas KoMMbloTepHas TOMO-
rpaMMa. MarkoTKaHHblM pexuM. 3D-peKoHCTpYKLUmA.
MeTka ycTaHoB/IEHa Ha KOCTHOM Kpae, 1306paeHus
3@ OKPYXHOCTbIO UCKJTIOYEHS

3D:22.3 mm

3D: 26.9 mm

Fig. 4. MSCT. 3D reconstruction in soft tissue mode. Measure-
ment of the magnitude of the exophthalmos of the right orbit
(AB segment) before surgery and the estimated exophthalmos
(AC segment) after surgery

Puc. 4. MynbTucnupanbHas KOMNblOTepHas ToMorpamma. Msr-
KOTKaHHbIN pexuM. 3D-peKoHCTpyKuma. BennunHa sk3odTanbMa
npaBoi opbuTbl (0Tpe3ok AB) oo omepauuM M nnaHupyeMoe no-
noxeHue nocne onepaumm (otpe3sok AC)

the volume planned for the MSCT study. The estimated post-
operative position of the eyeball (mean value, 21.63 + 2.2 mm),
which we obtained during planning, was not significantly differ-
ent from the actual measurement (mean value, 21.65 + 2.2 mm)
at the control MSCT study after 6 months. The significance level
of the planned postoperative position of the eyeball relative to
the horizontal plane in relation to the actual eye position was
0.98 (i.e., p > 0.05); thus, it can be argued that the study groups
were not significantly different, and no significant differences
were revealed. The average calculation error was 0.1 + 0.1 mm.
The surgical interventions led to a decrease in exophthalmos by
3.3+ 0.9 mm. The correlation coefficient between the removed
volumes of the adipose tissue and values by which the exoph-
thalmos has changed was (p) 0.44; this means that these values
are related (moderate constraint force).

CONCLUSIONS

The proposed method for calculating the estimated postop-
erative eyeball protrusion enables to preoperatively determine
the amount of adipose tissue to be removed to achieve the

DOl https://doiorg/10.17816/0V88012

Volume 5.1 cc

Fig. 5. MSCT. 3D reconstruction in soft tissue mode. The amount of
fatty tissue calculated using standard programs MSCT, which must
be removed during surgery

Puc. 5. MynbtucnupanbHas KOMMbloTepHas ToMorpamma. Marko-
TKaHHbIA pexuM. 3D-peKoHCTpYKUMA. HeobX0AMMBIN K yaaneHuto
006BEM XMpoBoN opbuTanbHoM Knet4atku. CTaHaapTHas nporpam-
Ma ToMorpada

desired outcomes without using time consuming calculations
and additional software. This technique made it possible to
calculate the planned amount of adipose tissue to be removed
from each orbit for symmetrical eyeball position postopera-
tively based on the MSCT data. The technique will help reducing
the risk of postoperative complications, such as diplopia.
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