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1  |  INTRODUCTION

The Japanese macaque, a native species that is widely 
spread in Japan, lives in the most northern area of all 
non- human primates.1 They live in groups and are highly 
social.2 Non- human primates, including Japanese ma-
caques, have maculae and fovea similar to humans and 
subsequently have higher visual acuity than other mam-
mals.3 Therefore, deterioration of their vision is directly 
related to deterioration in the quality of life.

The Animal Eye Care– Tokyo Animal Eye Clinic 
(TAEC) was consulted regarding a Japanese macaque 
with visual impairment belonging to a circus group that 
used it in traditional Japanese performing art. It was un-
able not only to perform, but also to locate food or walk in 
a straight line due to vision loss. Furthermore, it appeared 
to be withdrawn from the other animals. After a complete 
ophthalmic examination, the diagnosis was hypermature 
cataract affecting both eyes.

Currently, there are several scientific reports on cata-
ract surgery in non- human primates.4- 8 However, there 

are no reports of cataract surgery in Japanese macaques. 
This is the first such case report.

2  |  CASE REPORT

2.1 | Clinical history

A 7.5- year- old intact male Japanese macaque, weighing 
8.3  kg, presented at TAEC for the evaluation of vision 
loss. In June 2017, the owner noticed that its right eye ap-
peared partially cloudy white (Figure 1A). By September 
2018, the owner confirmed that the right eye was com-
pletely cloudy white (Figure 1B). However, at that point, 
there was no change in its behavior. In January 2020, its 
left eye also became cloudy (Figure  1C) and the owner 
confirmed that its behavior had become abnormal. At 
presentation, it showed no menace response. The pa-
tient had difficulty navigating and eating. Although this 
macaque was a member of a circus group, it was un-
able to perform due to vision loss. The veterinary doctor 
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reported that the physical examination performed prior 
to the TAEC visit showed no obvious abnormalities other 
than visual impairment.

2.2 | Ophthalmic examination

Ophthalmic examination revealed a negative menace 
response in both eyes (OU), positive dazzle reflex OU, 
positive direct and indirect pupillary light reflex in the 
right eye (OD), and weak direct and indirect pupillary 
light reflex in the left eye (OS). Relative afferent pu-
pillary defect (Marcus Gunn pupil) was negative. The 
anterior segment OU was observed using Slit- Lamp 
Biomicroscope (BQ- 900 LED; Haag- Streit AG). No 
corneal abnormalities were found, but the lens was 
strongly opacified OU (Figure 2A, B). No obvious ante-
rior chamber flare was seen OU. The measured intraoc-
ular pressure using the TONOVET- Plus tonometer 
(Icare Finland) was 28  mmHg for OD and 21  mmHg 
for OS.

2.3 | Ocular ultrasonography

Ocular ultrasonography was performed under gen-
eral anesthesia using the ARIETTA 60 device (Aloka 
Corporation) with a high- frequency linear probe (5– 
18  MHz, L64 linear probe, Aloka Corporation) reveal-
ing globe axial lengths measuring 20.3  mm (OD) and 
19.8 mm (OS), anterior chamber depths of 3.8 mm (OD) 
and 3.5 mm (OS), and lens thicknesses of 3.4 mm (OD) 
and 4.6 mm (OS), with thinning and sub- luxation of the 
lens OD (Figure  2C). However, there was no obvious 
lens dislocation or thinning OS (Figure 2D). There were 
no posterior segment abnormalities OU. Based on ultra-
sonography results, we calculated the power of the IOL to 
be used intraoperatively.

2.4 | Electroretinography

Electroretinography (ERG; LE- 100; Tomey) was per-
formed under general anesthesia after dilation of the 

F I G U R E  1  Ocular appearance of 
the patient. (A) Mild cataract is observed 
OD. (B) Progression of OD cataract is 
observed. (C) Note that immature cataract 
is found OS. OD, right eye; OS, left eye

(B)(A)

(C)
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pupil using a solution of 0.5% tropicamide and 0.5% 
phenylephrine (Mydrin- P, Santen Pharmaceutical). 
ERG was performed immediately before cataract sur-
gery without dark adaptation to check for obvious reti-
nal degeneration. Single flash ERG (Figure  2E) and 
30  Hz flicker ERG (Figure  2F) were performed with 
light intensities of 20,000 cd/m2 × 10 ms and 3,000 cd/
m2 × 1 ms, respectively. Flicker ERG was recorded with 
a 25 cd/m2 background stimulus. Due to the lack of dark 
adaptation, it was difficult to make a direct comparison 
with the ERG results in another reported non- human 
primate study.9 However, no obvious findings were sug-
gesting retinal degeneration.10 The amplitude of the a- 
wave of the Single flash ERG was 250 μV OD and 122 μV 

OS. The amplitude of the b- wave of the single flash ERG 
was 173  μV OD and 109  μV OS. The amplitude of the 
30 Hz flicker ERG was 68 μV OD and 75 μV OS.

2.5 | Complete blood count and serum 
biochemistry profile

Blood tests performed before the surgery showed an in-
crease in white blood cell count (32,700/μl), but all other 
items were within the normal range. Since there were no 
obvious symptoms of bacterial infection, the cause of the 
elevated white blood cell count could be lens- induced 
uveitis or stress.

F I G U R E  2  Preoperative 
examination. Slit- lamp images of OD (A) 
and OS (B). Note that wrinkles are seen 
involving the anterior lens capsule OD. 
Ultrasound images of OD (C) and OS 
(D). Note that thinning and sub- luxation 
of the lens are seen OD. (E) and (F) The 
upper graph shows single flash ERG, 
and the lower graph shows 30 Hz flicker 
ERG. Note that ERG shows no obvious 
abnormalities. ERG, Electroretinography

(C)
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(A)

(D)

(B)

OD

OS

OD

OS

msec

msec

100 μV/Div

50 V/Div

a-wave

b-wave

b-wave

(F)



4 of 9 |   MIWA et al.

2.6 | Anesthesia

General anesthesia was performed by a board- certified 
veterinary anesthesiologist (Veterinary Anesthesiology 
Consultant). The patient was restrained by its trainer; then, 
a mixture of ketamine 5 mg/kg (Ketalar, Daiichi Sankyo) 
and medetomidine 0.03  mg/kg (Atipame, Kyoritsu 
Seiyaku, Co) was injected intramuscularly into the back 
of the thigh as pre- anesthetic medication. The patient 
became heavily sedated within 5 min of injection. While 
the patient was receiving oxygen supplementation with a 
facemask, a 24- gauge intravenous catheter (Surflo F&F, 
Terumo) was placed into the saphenous vein. After ERG 
and ocular ultrasonography were performed as previously 
described, midazolam 0.2  mg/kg (Dormicum Injection, 
Maruishi Pharmaceutical Co) was administered intrave-
nously and endotracheal intubation was performed with 
an endotracheal tube (3- Fr, Fuji Systems).11 After confir-
mation of bilateral airflow with chest auscultation and 
seal with inflation of endotracheal tube cuff, anesthesia 
was maintained using isoflurane (Animal isoflurane, MSD 
Animal Health). The patient was mechanically ventilated 
(Fabius Plus, Dräger Japan) to keep end- tidal carbon di-
oxide concentration (EtCO2) around 40 mmHg inside the 
surgical room. A TOF Watch (MSD) was used to monitor 
perioperative neuromuscular blockade with train- of- four 
(TOF). Intravenous rocuronium 0.6  mg/kg/h (ESLAX, 
MSD) was administered continuously for paralysis of the 
extraocular muscles. The patient was administered lac-
tated Ringer's solution at 2  ml/kg/h intravenously and 
kept warm using a heating pad throughout the surgery. 
Oscillometric blood pressure, electrocardiography, SpO2, 
body temperature, pulse rate, respiratory rate, and EtCO2 
were monitored under anesthesia (Fabius Plus, Dräger 
Japan). Forty- five minutes after the start of anesthesia in-
duction, the patient became severely hypotensive (mean 
arterial pressure less than 60 mmHg) most likely due to 
the vasodilatory effect of medetomidine. At this time, the 
patient was moved to the operating room after preopera-
tive ERG and ultrasonography. A fluid bolus (5 ml/kg IV), 
a bolus of atropine 0.01 mg/kg IV (ATROPINE, NIPRO), 
continuous rate infusion (CRI) of dopamine (Dopamine 
Hydrochloride, KYOWA CritiCare Co) up to 12  mg/kg/
min and intermittent IV ephedrine 0.1 mg/kg (Ephedrin 
“NAGAI,” Nichi- iko Pharmaceutical) boluses were used 
to support the blood pressure. In addition, propofol 
(PropoFlo, Zoetis Japan) CRI at 75– 100 mcg/kg/min and 
intermittent IV boluses of fentanyl (Fentanyl, Terumo) 
at 3 mcg/kg were administered to reduce the amount of 
isoflurane. We confirmed an increase in blood pressure 
35 min after starting treatment for hypotension. The fol-
lowing additional drugs were administered during the 
perioperative period: cefazolin IV 20 mg/kg (Cefamezinα, 

LTL Pharma) and prednisolone IV 1 mg/kg (Predonine, 
Shionogi). Sugammadex (BRIDION, MSD) were admin-
istered intravenously (4  mg/kg) when the surgery was 
completed. Isoflurane was discontinued once the TOF 
of >90% was confirmed. The CRIs were discontinued, 
and buprenorphine (Lepetan, Otsuka Pharmaceutical) at 
0.01  mg/kg was administered intravenously for postop-
erative analgesia. The patient vomited a small amount of 
liquid after extubation, but the recovery was uneventful 
otherwise.

2.7 | Phacoemulsification

We usually prescribe antibiotics and anti- inflammatory 
agents a few days before cataract surgery and instill my-
driatics a few times a couple of hours preoperatively. 
However, the owner said it was impossible to give eye drops 
to this patient, initially. Therefore, antibiotics (gatifloxa-
cin, Gatiflo, Senju), anti- inflammatory agents (diflupred-
nate, STEROP, Senju), and mydriatic eye drop (Mydrin- P, 
Santen Pharmaceutical) were administered several times 
within a short period after the introduction of anesthesia. 
The patient was placed in the supine position. Both eyes 
were washed with diluted PA- IODO Ophthalmic and Eye 
washing Solution (Nitten Pharmaceutical Co., Ltd). We 
then draped the surgical field and started the operation.

OD: Consistent with the prior ocular ultrasonographic 
findings, the zonule of Zinn was noted to be torn from 
2 to 6 o'clock (Figure 3A). A 2- step corneal incision was 
performed at the 11 o'clock position using a slit knife 
(MSL 20, MANI Inc). Three side ports were created using 
a 20- gauge V- lance (MVR 20SK, MANI Inc) at 1, 7, and 
9 o'clock positions over the limbus. Small amounts of 
Viscoat (Alcon Japan Ltd) and Healon (AMO Japan) were 
injected through the side port, ensuring they did not pass 
into the vitreous. Trypan blue staining of the anterior lens 
capsule was followed by continuous curvilinear capsu-
lorhexis (CCC) using cystotome initially attempted from 
the main port. However, the anterior lens capsule was 
extremely hard, and CCC could not be performed. Even 
after using Scissors YAE Multi- Purpose 23 G (Inami), it 
was impossible to incise the anterior lens capsule. The 
anterior lens capsule was finally punctured using intraoc-
ular lens (IOL) scissors. We were planning to perform a 
5- mm- diameter capsulorhexis, considering the size of the 
IOL. However, the finished capsulorhexis measured about 
a quarter of what was expected (Figure 3B). As the lens 
was completely liquefied, it was aspirated via a biman-
ual I/A handpiece using the phaco- machine (WhiteStar 
Signature, AMO Japan). Oxiglutatione ocular irrigating 
solution 0.0184% KIT (Senju) with 1  mg epinephrine 
(Bosmin Injection, Daiichi Sankyo) and 500  IU heparin 
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(Heparin Sodium, Mochida) were used as the irrigating 
solution. Following lens aspiration, the CCC was widened 
and a 26D foldable IOL (Avansee, Kowa) was inserted. 
The lens capsule was contracted, with the diameter of 
the lens capsule almost identical to the IOL. The lens 
capsule was polished using the bimanual I/A handpiece 
connected to the phaco- machine. However, polish failed 
because the capsule itself had become cloudy and hard-
ened. Since the zonule of Zinn was partially torn, we con-
sidered the use of a capsular tension ring (CTR). However, 
we only had a canine version of the CTR and felt it was 
too large for a macaque; therefore, we did not use it. Since 
the tear of Zinn's zonule was within 120°, it was judged 
that the IOL could be inserted safely. The IOL was slowly 
expanded and placed in the correct position, holding the 
lens capsule with a Forceps Micro Capsulorhexis IKEDA 
BEAK23G (Inami) to prevent the lens capsule from fall-
ing into the vitreous. After aspiration of the viscoelastic 
substances, the corneal incision site was sutured using 
10– 0 nylon suture material (Mani, Tochigi) in a double 

continuous sawtooth suture pattern. Postoperative eye 
drops were expected to be difficult due to the patient's 
disposition. Therefore, immediately after the surgery, sub-
conjunctival dexamethasone (DECADRON, Aspen Japan) 
and tobramycin (TOBRACIN, Towa Pharmaceutical Co) 
were injected. Skiascopy was used to confirm that OD 
reached emmetropia.

OS: A 3- step scleral incision was performed at the 11 
o'clock position using a 22.5- degree straight knife (MST22, 
MANI Inc), crescent knife (MCU26, MANI Inc), and slit 
knife. One side port was created using a 20- gauge V- lance 
at the 1 o'clock positions over the limbus. Even though 
mydriatics were topically instilled, poor mydriasis was ob-
served (Figure 3C). After using viscoelastic substances to 
dilate the pupil, we were able to obtain sufficient mydri-
asis to perform the surgery. Viscoat and Healon were in-
jected to maintain the anterior chamber while protecting 
the corneal endothelial cells. Following trypan blue stain-
ing of the anterior lens capsule, CCC was performed from 
the main port while expanding the pupil using viscoelastic 

F I G U R E  3  Perioperative images. 
(A) and (B) are OD images. (A) Note 
aphakic crescent is observed from 2 to 6 
o'clock (arrows). (B) This is an image after 
aspiration of the liquefied lens. Note the 
small CCC made using intraocular lens 
scissors. (C), (D), and (E) are OS images. 
(C) Poor mydriasis is observed. (D) CCC 
was performed while expanding the pupil 
using viscoelastic substances. (E) Iris 
prolapse is seen after phacoemulsification. 
Arrows indicate the prolapsed iris. CCC, 
continuous curvilinear capsulorhexis (C)

(A)

(D)

(B)

(E)
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substances. Although the anterior lens capsule of the OS 
was softer than that of OD, it was still very hard. Thus, 
CCC was performed mainly using YAE Multi- Purpose 23 
G Scissors (Figure 3D). Since the lens was mostly lique-
fied, it was removed with minimal phacoemulsification. 
Oxiglutatione ocular irrigating solution 0.0184% KIT 
(Senju) with 1 mg epinephrine (Bosmin Injection, Daiichi 
Sankyo) and 500 IU heparin (Heparin Sodium, Mochida) 
were used as the irrigating solution. After phacoemul-
sification, prolapse of the iris from the main port was 
seen. This was considered to be an intraoperative floppy 
iris syndrome (IFIS)- like phenomenon (Figure  3E).12 
Subsequently, another side port was created to reduce the 
anterior chamber pressure and return the prolapsed iris. 
After returning the iris, the lens capsule was polished with 
the bimanual I/A handpiece using the phaco- machine. A 
26D foldable IOL was inserted and oriented in the cor-
rect position. After aspirating viscoelastic substances, the 
corneal incision site was sutured with 10– 0 nylon suture 
material in a double continuous sawtooth suture pattern. 
Immediately after the surgery, dexamethasone and tobra-
mycin were injected sub- conjunctively. Skiascopy was 
used to confirm that OS reached emmetropia.

2.8 | Outcome and follow- up

The patient was able to eat and walk straight unassisted 
the very next day after surgery. On examination on the 
third day after the surgery, intraocular inflammation was 
observed. Inflammation was particularly severe OS, with 
fibrin deposition observed (Figure 4A- D). The degree of in-
traocular inflammation was determined based on the de-
gree of anterior chamber flare. Based on previous reports, 
the degree of anterior chamber flare seen in this patient 
was considered to be moderately increased.13 Therefore, 
the following eye drops were initiated on the third day: 
atropine (Nitten ATROPINE, Nitten Pharmaceutical 
Co, Ltd) every 24  h and difluprednate (STEROP, Senju) 
every 12 h OS, and difluprednate every 12 h OD. Frequent 
anti- inflammatory eye drops were recommended for 
the left eye, but as the patient was uncooperative, twice- 
daily drops were prescribed. In addition, prednisolone 
(PREDONINE, Shionogi) was administered systemically. 
The systemic prednisolone was then tapered over 4 weeks. 
Four weeks after surgery, minimal anterior chamber flare 
was observed in both eyes. Therefore, only diclofenac 

sodium eye drop (DICLOD, Wakamoto Pharmaceutical 
Co) was used every 12 h for both eyes. The patient started 
performing in shows again 1.5 months after the surgery.

Ophthalmic examination of both the eyes 26  weeks 
after the surgery showed no inflammation, with a clear 
visual axis (Figure 4E, F). Despite IOP concerns initially, 
follow- up measurements were normal. Fundus imag-
ing (VX- 10, KOWA) and optical coherence tomography 
(OCT; Spectralis, Heidelberg Engineering) showed no ab-
normalities (Figure  4G- J). The postoperative vision was 
maintained.

3  |  DISCUSSION

Cataract is a disease that affects a wide variety of animals, 
causing vision loss. There have been many reports of cata-
ract surgery in animals.14- 23 However, there are only a few 
reports on cataract surgery in non- human primates. To 
the best of the authors' knowledge, this is the first report 
of successful cataract surgery on a Japanese macaque.

The right cataract of this patient was highly advanced, 
making the lens capsule very hard. Although no obvi-
ous anterior chamber flare was observed involving either 
eye on initial examination, previous lens- induced uveitis 
might have hardened the lens capsule. The elevated white 
blood cells seen in the blood tests support this possible 
past lens- induced uveitis. However, there was no lens 
capsule rupture, which has been reported as associated 
with cataract progression.24 There have been reports of 
cataract- related lens capsule rupture in a variety of ani-
mals.24 However, no report discusses cataracts and lens 
capsule rupture in Japanese macaques. We intend to elu-
cidate more on this issue as we increase the number of 
cases.

As mentioned earlier, an IFIS- like phenomenon was 
observed in the left eye. IFIS is a phenomenon seen during 
human cataract surgery and is more common in patients 
taking Alpha- 1 antagonists.12 IFIS is characterized by 
three features: floppiness or billowing of the iris, progres-
sive intraoperative miosis, and iris prolapse through the 
surgical incision.12 The presence of IFIS causes impedi-
ments intraoperatively and increases the risk of intra-
operative complications. It is unclear why the IFIS- like 
phenomenon was observed in this case. Since the patient 
was neither using Alpha- 1 antagonists nor had any other 
indicators that could cause IFIS, it is speculated that the 

F I G U R E  4  Postoperative images. Slit lamp images of OD (A, C) and OS (B, D) which were taken on the third day after surgery. (A– D) 
Conjunctival hyperemia, blepharospasm, and anterior chamber flare are observed. Slit lamp images of OD (E) and OS (F) 26 weeks after 
surgery. Note that the visual axis is clear in both eyes. Fundus images of OD (G) and OS (H) and OCT images of OD (I) and OS (J) show 
no abnormalities. (I) and (J) are horizontal B- scans through the fovea with a label denoting the normal foveal depression. Note the low 
resolution of the OCT image OD due to the opacity of the lens capsule
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IFIS- like phenomenon might be idiopathic. This phe-
nomenon is not often seen in dogs but may be observed in 
Japanese macaques; thus, more cases need to be studied 
in the future.

Intraocular lens power was calculated based on ul-
trasonography results. Due to the contraction of the an-
terior capsule and the sub- luxation of the lens, it was 
difficult to completely predict the postoperative con-
dition preoperatively. However, both eyes were nearly 
emmetropic after the surgery. We performed a skiascopy 
and confirmed that the light reflected from the fundus 
moved in the same direction as the light projected into 
the pupil. This suggested that the patient's visual acu-
ity might be emmetropia or mild hyperopia. This was 
also confirmed by the fact that the patient was able to 
recognize cues given by distant humans and recognize 
nearby food postoperatively. It was possible that being 
emmetropic allowed the patient to return to perform-
ing, walk straight, and eat by itself. Calculating the IOL 
power before the surgery and using the appropriate IOL 
were considered essential.

We used a two- step corneal incision for the first oper-
ated eye but felt anterior chamber instability during sur-
gery. Subsequently, a three- step scleral incision was used 
for the left eye. As a result, we felt that a three- step scleral 
incision allowed us to perform more stable cataract sur-
gery in this patient.

As mentioned above, the lens capsule of the right 
eye was extremely hard, and anterior capsulotomy was 
performed using IOL scissors. Multiple side ports had 
to be opened to insert IOL scissors from various direc-
tions. In this surgery, we were able to emulsify the lens 
in both eyes with almost no use of ultrasound. This may 
be due to the advanced stage of cataract in this patient. 
Therefore, it would be difficult to apply the same tech-
nique in other Japanese macaque cataract surgeries. We 
used a non- absorbable nylon thread to close the surgical 
wound. This was because the patient was unable to wear 
an Elizabethan collar after the surgery, and we thought it 
would be preferable to keep the surgical wound closed for 
as long as possible.

The Japanese macaque is a highly social animal. 
Visual information is considered indispensable to their 
social life. The patient in this case was unable to even 
walk straight due to cataracts. After cataract surgery, the 
patient recovered enough vision to return to circus per-
forming. We believe that this report will provide useful in-
formation for the treatment of Japanese macaques in the 
future, especially cataract treatment. However, only a few 
reports on the treatment of non- human primate cataracts 
are currently available. Thus, it is necessary to accumulate 
and study more cases and establish a standard treatment 
method.
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