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INTRODUCTION

THE TERNI 'EXPULSIV'E HEMORRHAGE" WAS PROPOSED BY TERSON' IN 1894 TO DE-
scribe an acute choroidal hemorrhage occurring during intraocular sur-
gery which usually resulted in a lost eye. Since then the term has come to
encompass a wide spectrum of this ocular complication. This ranges from
a localized contained choroidal hemorrhage to an extrusion of intraocular
contents with a lost eye.2 Choroidal hemorrhages may occur spontane-
ously, posttraumatically, associated with intraocular pathology, or sec-
ondary to many types of intraocular surgery.3'-" Acute choroidal effusion
is a rare condition with many signs similar to acute choroidal hemor-
rhage. 11-14 It has been postulated by Winslow et a14 in 1974 and recently
by Maumenee and Schwartz'5 that unrecognized serous or serosanguine-
ous choroidal effusions may precede and lead to expulsive hemorrhage.
Bilateral cases are fortunately extremely rare. To our knowledge there are
only six reported cases of bilateral expulsive hemorrhage. 16`21
We are reporting on the incidence of acute expulsive hemorrhage in a

total of 13,890 cases of cataract extraction at the Wilmer Institute of the
Johns Hopkins Hospital (JHH) and Greater Baltimore Medical Center
(GBMC) from 1978 through 1983, and 180,690 cases of cataract extraction
at the Christian Hospital in Taxila, Pakistan from 1963 through 1983.
Predisposing factors and the role of treatment will be discussed. The six
bilateral cases of expulsive hemorrhage will be reviewed and four addi-
tional cases will be presented. Finally, a classification of choroidal hemor-
rhage is offered as a means of distinguishing the wide range in severity of
this process.
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REVIEW OF THE LITERATURE

The earlist case of expulsive hemorrhage related to cataract surgery was
reported in the German literature in 1774 by Hellmann.22 In 1786 de
Wenzel23 was the first to describe the complication in the French litera-
ture. Pfingst24 in 1936 first reported on the incidence of this complication
with a series of 2 cases in 25,000 cataract extractions or 0.08%. In 1966
Holland25 reported on 135 cases from 54,239 cataract operations by 20
authors for an average incidence of 0.25%. Taylor26 in 1974 reviewed the
reports of 115 cases of expulsive hemorrhage from a total of 58,735 cata-
ract operations by 11 authors for an average combined incidence of
0.20%. The rates of occurrence ranged from 0.05% to 0.40%.
The histopathology of expulsive hemorrhage has been well described

by Samuels,27 Manschot,28'29 and Muller.30 Manschot28,29 presented the
anatomic findings in ten cases. In nine of the ten cases a ruptured necrotic
posterior ciliary artery was the source of hemorrhage. A short posterior
ciliary artery was involved in eight cases; while both a long and short
posterior ciliary artery were involved in one other. Glaucoma was present
in five of the ten cases. Hypertension was a factor in six of ten cases.
Miiller30 reported the pathology of eight cases in which glaucoma was
documented in two and hypertension in one case. The short posterior
ciliary vessels were implicated, with the site of vascular entry from the
sclera to the subchoroidal space being most commonly involved. In a
recent report Wolter3' also found a rupture of the long posterior ciliary
artery to be the cause of an expulsive hemorrhage.
A clear-cut pattern of predisposing factors has never been elucidated.

Most investigators, however, are in agreement that glaucoma, hyperten-
sion, and generalized arteriosclerosis may predispose the posterior ciliary
vessels to vascular necrosis.625262932 The hypotonia caused by a surgical
incision leads to the rupture of the vessel. The fact that the majority of
patients with expulsive hemorrhage are in the elderly age group gives
credence to this possibility. Cordes,33 however, reported four cases of
expulsive hemorrhage during congenital cataract surgery in patients rang-
ing from 4 months to 21 years of age. Francois et al2l similarly noted
expulsive hemorrhages in four young patients in previously fine health.
These reports indicate that ocular systemic disease or advanced arterio-
sclerosis is not always a necessary factor in the pathogenesis of expulsive
hemorrhage. Taylor26 has postulated that there may be a higher incidence
of expulsive hemorrhage in general anesthesia as opposed to local anes-
thesia.
The timing of the expulsive hemorrhage in relation to surgery is of

interest. One would think that if the rupture of a necrotic vessel with
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ocular hypotonia were the sole cause then a majority of the hemorrhages
would occur soon after opening the incision into the anterior chamber.
Pau,34 however, reported that one-third of the cases occurred during
surgery, one-third between 3 and 6 hours postoperatively, and one-third
between 7 hours and 9 days postoperatively. Jaffe32 states that at least
50% of the hemorrhages occur within the first few days after surgery.
Winslow et a14 and recently Maumenee and Schwartz"5 have postulated
that perhaps many expulsive hemorrhages begin with an acute serous
choroidal effusion. One could then easily postulate that the detachment of
the posterior choroid and the sudden stretching of the posterior ciliary
vessels causes them to rupture. Of particular interest in this regard is the
report of Gressel et al5 on eight cases of delayed severe nonexpulsive
suprachoroidal hemorrhage occurring after filtering operations in aphakic
eyes. All eight cases were noted to have serous choroidal detachments
before the hemorrhage occurred. The hemorrhages occurred anywhere
from 19 hours to 7 days following surgery. Hoffman et al36 in a recent
prospective study found unsuspected choroidal hemorrhage on the first
postoperative day in 16 of 521 eyes. Hemorrhages were found in over
14% of highly myopic eyes and 4% of moderately myopic eyes, and in less
than 1% of those without any significant myopia.
The first case of bilateral expulsive hemorrhage was reported by Ver-

hoeff'6"7 in 1931 during discussion of Samuels paper27 (Table I). Actually
this was a follow-up on the same patient in whom Verhoeffhad performed
the first scierotomy to save an eye from postoperative expulsive hemor-
rhage. Apparently the patient returned 6 years later with glaucoma in the
other eye. This left eye was lost 4 days following an iridotasis procedure
despite sclerotomies. Verhoeff in that discussion also mentioned a second
case of his in which both eyes were apparently lost from expulsive hemor-
rhage. In 1959 at the meeting of the American Ophthalmological Society,
Henderson37 reported a case of expulsive hemorrhage during cataract
extraction with survival of the eye. In the subsequent discussion three
more bilateral cases were presented-by Danielson, 18 Castroviejo, 19 and
Berens20 respectively. Later in 1966 in a review of their experience with
expulsive hemorrhage, Francois et al2' reported another bilateral case in
the French literature.

It is generally agreed that anticipating which patients are predisposed
to expulsive hemorrhage is difficult.38 Patients with extensive vascular
disease, glaucoma, hypertension, and particularly those with a history of
expulsive hemorrhage in the other eye should be managed with the
possibility of this dreaded complication in mind. Maximal ocular hypoten-
sion achieved by hyperosmotic agents and external pressure is probably of
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Bilateral Expulsive Hemorrhage

value.32 Preoperative and intraoperative anesthesia should be ade-
quate.26,27 Preplaced sutures facilitate rapid closing of the wound. Addi-
tional sutures should be used in closing the wound. Jaffe32 considers
placing a preparatory trephine or scleral incision inferior temporally at
the onset of surgery in those patients so predisposed.

Verhoeff16 in 1915 reported the first successful treatment of an expul-
sive hemorrhage. He advocated a small triangular sclerotomy incision
placed temporally, with excision of the apex of the triangle to allow for the
exit of blood.'3 In 1938 Vail39 reported two cases in which the eyes were
salvaged, employing Verhoeff's method of sclerotomy in each. Samuels27
studied eight eyes microscopically and advocated Verhoeff's approach.
Shaffer40 concurred and stressed the importance of creating an incision
which would remain open for several days to permit blood escape.
Duehrs and Hogenson38 reported saving an eye by performing posterior
sclerotomy and tight limbal wound closure. There are now many other
reports indicating some success with this approach.2 8'37'41" Tight early
closure of the limbal wound, if possible, tamponades the hemorrhage and
limits its severity. Bair43 emphasized that forced injection of fluid such as
saline or balanced salt solution into the anterior segment of the eye may
push the retina and choroid backward and help evacuate the hemorrhage
through the sclerotomy. The postoperative management consists of topi-
cal, subconjunctival, subtenons, or systemic steroid administration for
control of inflammation. Cycloplegic and antiglaucomatous medications
are also often indicated.

RESULTS AND CASE REPORTS

In the years 1978 through 1983 there were 6548 cataract operations
performed at the Wilmer Institute of JHH and a total of 8 expulsive
hemorrhages for an incidence of 0.12% (Table II). In the same time
period 7342 cataract operations were performed at the GBMC with a total
of six expulsive hemorrhages for an incidence of 0.08%. In the years 1963
through 1983, 180,600 cataract operations were performed at the Chris-
tian Hospital in Taxila, Pakistan with 87 expulsive hemorrhages for an
incidence of 0.05%. The overall incidence of expulsive hemorrhages in
the Baltimore cases was 0.10%, compared to the Taxila cases with an
incidence of 0.05%. There is a statistically significant lower incidence of
expulsive hemorrhage in the Taxila series compared to the Baltimore
cases (P < 0.025, x2 = 5.90).
Between 1978 and 1983 there was a revolutionary change in the tech-

nique of cataract surgery in the United States which is reflected in the
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TABLE II: INCIDENCE OF EXPULSIVE HEMORRHAGE IN CATARACT SURGERY

NO OF NO OF
OPERATIONS HEMORRHAGES RATE PERCENT

JHH* 6548 8 1:819 0.12
GBMC* 7342 6 1:1223 0.08
Taxila** 180,690 87 1:2076 0.05

*1978 through 1983.
**1963 through 1983.

statistics from the JHH and the GBMC (Table III). In 1978, 89% of
cataract surgery was by the intracapsular technique. By 1983, the elective
extracapsular or phacoemulsification technique was used in 95% of cata-
ract surgery.

In the years 1978 through 1983, 5710 intracapsular cataract extractions
(ICCEs) were performed at the Wilmer Institute and GBMC with eight
cases of expulsive hemorrhage for an incidence of0.14% (Table IV). In the
same time period 8180 extracapsular cataract extractions (ECCEs) were
performed at these institutions with six cases of expulsive hemorrhages
for an incidence of 0.07%. All cases performed in Taxila from 1963
through 1983 were ICCEs, and the incidence of expulsive hemorrhage
was 0.05%. There is no significant difference in the incidence of expulsive
hemorrhage in the Baltimore cases between ICCE and ECCE technique.
However, there is a statistically significant lower incidence of expulsive
hemorrhage in the Taxila series compared to the Baltimore ICCE group
(P = 0.007, X2 = 7.46).
The time of occurrence of expulsive hemorrhage is tabulated in Table

V. Of the 14 Baltimore cases, 13 occurred intraoperatively, and only 1
occurred postoperatively-after a 6-day uneventful course. Of the 87
Taxila cases, only 13 occurred intraoperatively. Over two-thirds occurred
on the first postoperative day; eight occurred on the second postoperative
day; and several others, later on.

TABLE III: RECENT TRENDS IN CATARACT SURGERY UHH & GBMC)

1978 % 1983 %

ICCE 1608 89.1 177 5.5
ECCE 28 1.6 2655 82.6
Phacoemulsification 169 9.3 383 11.9
Other 4 1

Total 1809 3216

186



Bilateral Expulsive Hemorrhage

TABLE IV: INCIDENCE-TYPE OF EXTRACTION

NO OF NO OF
OPERATIONS HEMORRHAGES RATE PERCENT

GBMC/JHH*
ICCE 5710 8 1:714 0.14
ECCE 8180 6 1:1363 0.07

Taxila**
ICCE 180,690 87 1:2076 0.05

1978 through 1983.
**1963 through 1983.

The 14 cases at JHH and the GBMC between 1978 and 1983 were
reviewed in detail (Table VI). The ages of the patients in these cases
ranged from 58 to 92 years and the average was 80 years. Five patients
were men and nine, women. Eight cases were by ICCE; and six, by
ECCE. Glaucoma was a factor in 9 of 14 cases. Hypertension was present
in 4 of 14 patients. A Honan balloon was used for hypotensive effect in
four cases; and massage in five other cases. Twelve of the cases were
performed under local or local with standby anesthesia, and 2 were under
general anesthesia. Two expulsive hemorrhages occurred at the time of
incision, 11 with lens delivery, and 1 6 days postoperatively. Preplaced
sutures were used in 10 of 14 cases. Associated problems such as cough-
ing, vomiting, or patient movement were not significant factors. Six of the
patients had sclerotomies at the time of hemorrhage, and five had vitrec-
tomies. Visual results ranged from 20/20 to no light perception (NLP).
Five patients had vision between 20/20 and 20/40; two patients, 20/50 and
20/200; and one patient, finger counting. Six of the 14 eyes were lost.

Following are four case reports of bilateral expulsive hemorrhages.

CASE 1

This 70-year-old white woman with a 5-year history of insulin-dependent diabetes
presented in 1949 with mature bilateral cataracts. Vision was light perception and

TABLE V: TIME OF OCCURRENCE

ON POSTOPERATIVE DAY
AT

TOTAL SURGERY 1 2 3 4 5 6

GBMC/JHH 14 13 1
Taxila 87 13 62 8 1 2 1
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TABLE VI: EXPULSIV'E HEMORRHAGE D)ATA ON 14 CASES

Age Range (58-92) Median (85) Average (80)
Sex Male (5) Female (9)
Type of surgery ICCE (8) (3 combined glaucoma) ECCE (6)
Glaucoma Chronic (7) Acute (2)
Medical illness Hypertension Dementia (2) Diabetes (1) Renal failure (1)

(4)
Hypotensive mea-

sures Honan (4) Massage (5) Mannitol (2)
Anesthesia Local (6) Standby (6) Genieral (2)
Time of hemor-

rhage At incisioni (2) With lens delivery (11) Late (1) (6 days
postoperative)

Preplaced suitures Yes (10) No (4)
Associated factors None
Surgical treatment Sclerotomies (6) Vitrectomy (5)
Visual results* 20/20-20/40 (5) 20/50-20/200 (2) FC-HM (1) LP-NLP (6)

*FC, finger couinting; HM, hand motion; LP, light perception; NLP, no light perception.

counting fingers. Tension was normal. Her right eye was operated on under
general anesthesia. After the section was made, the lens delivered itself, followed
by a copious amount of vitreous and then retina before the sutures could be
tightened. No sclerotomy was performed. The eye was lost.
Two and one-half months later the left eye was operated on-again under

general anesthesia. A paracentesis was performed to slowly reduce the intraocular
pressure. A corneal scleral section was then made with two preplaced 6-0 black
silk sutures. The lens was removed intact without difficulty using forceps. It was
immediately followed by a copious amount of vitreous and retina. The second eye
was lost.

CASE 2

This Pakistani woman had open-angle glaucoma with preoperative pressures of 30
and 53 mm Hg. She presented to the Christian Hospital in Taxila, Pakistan for
care in 1963. Data about her age, preoperative blood pressure, and/or other
medical problems are not available. Under local anesthesia a corneoseleral inci-
sion was made at the 12 o'clock position for 1 to 2 hours and an iridencleisis was
performed. No sutures were used. Both eyes were operated on at the same sitting
and the patient left the operating room in good condition. The patient had no
excessive coughing or vomiting.
Twelve hours postoperatively in her bed on the ward, she suffered bilateral

expulsive hemorrhages. The patient was returned to the operating room where
the prolapsed intraocular contents were excised and the superior wound secured.
The vision in both eyes was lost. Following this case a decision was made never to
operate on both eyes of any patient at one sitting.
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CASE 3

This 79-year-old white man had enjoyed excellent ocular health until approxi-
mately 3 months before his admission when he had painless, progressive loss of
vision. Approximately 3 weeks before admission he developed further loss of
vision and pain in both eyes. He was seen 1 week prior at Baltimore City Hospital
and was found to have light perception vision in each eye with bullous keratop-
athy, intraocular pressures of 60 mm Hg, closed angles, and swollen cataractous
lenses. He was treated with acetazolamide (Diamox) 500 mg every 6 hours and
pilocarpine 4% four time a day to both eyes.
Oh August 23, 1979, intraocular cataract extraction was performed on the left

eye under local anesthesia, but the patient became combative during the surgery
and he suffered an expulsive hemorrhage. Further details of the surgery are not
known.
He was transferred on the first postoperative day to the JHH on maximum

antiglaucomatous medication. His medical history was remarkable for aortic aneu-
rysm repair in 1971 and a history of ethanol abuse. There was a history of asbestos
exposure with chest x-ray abnormalities compatible with this. Approximately 1
year before admission a diagnosis of Parkinson's disease was made, and he began
suffering from dementia. There was also a history of angina, congestive heart
failure, and mild adult-onset diabetes. Although there was a history of labile
hypertension, blood pressure was 140/80.
On ocular examination, the right eye had light perception vision with good

projection. On the left there was no light perception. The right eye was moderate-
ly injected with bullous keratopathy and a nonreactive pupil. On the left, the
cornea was moderately opaque and the superior anterior chamber was filled with
blood although inferior iris was visible. There was pigment, evidently iris, be-
neath a superior conjunctival flap. At the slit lamp, on the right, there was severe
bullous keratopathy with moderate flare and cell in the anterior chamber and a
dense cataract. The anterior chamber was shallow peripherally. On the left there
was marked bullous keratopathy with blood in the superior anterior chamber and
no other details. Intraocular pressure was 50 mm Hg on the right and on he left
was firm to finger touch. The fundi could not be visualized. Blood work, electro-
lytes, and cardiogram were essentially normal.
On August 27, 1979 cataract surgery on his right eye was performed under

general anesthesia, using in addition a lid block and retrobulbar injection of 2%
Xylocaine and 0.75% Marcaine with Wydase. Intravenous mannitol was given at
the time of general anesthesia and he had extensive manual massage. Preopera-
tive intraocular pressure was reduced to 17 mm Hg. With a limbus-based flap, a
partially penetrating groove was made in the superior 150 degrees. Three 8-0
black silk sutures were preplaced. A vitreous tap was made through the pars plana
superiorly to further lower intraocular pressure. The anterior chamber was en-
tered and a sector iridectomy performed. The lens was removed with a cryoprobe
and vitreous and iris fell back. While the wound was being closed, the anterior
hyaloid face bulged and vitreous was lost. An anterior vitrectomy was performed.
A diagnosis of an expulsive hemorrhage was made. There was a gray fundus reflex.
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The wound was tied using numerous interrupted sutures of 8-0 nylon. No further
sclerotomy was performed. Postoperatively, the patient had no evident light
perception, although he remained comfortable. His intraocular pressures re-
mained at levels of 15 to 20 mm Hg. There continued to be a large choroidal
hemorrhage and retinal folds and he was discharged to a nursing home on Sep-
tember 11, 1979 with no light perception in either eye. He died within the next
month of heart failure.

CASE 4

This 79-year-old white woman had an 8-year history of chronic simple glaucoma
controlled on topical Timoptic (timolol) 0.5% twice daily and pilocarpine 4% three
times a day to both eyes. She had high blood pressure for some 20 years
controlled on a combination of reserpine, hydralazine hydrochloride, hydrochlo-
rothiazide (SER-AP-ES) daily.
Her best corrected visual acuity in the right eye was 20/100 and the left eye

20/100. There were 2 to 3 + cortical cataracts. The intraocular tension in the right
eye was 18 mm Hg and the left eye 18 mm Hg. On gonioscopy the angles were
grade I to II. The visual fields were full. There was a 40% cupping of the right disc
and 50% cupping of the left disc.

In February 1980 under a local anesthesia she underwent an ICCE in the right
eye combined with a trabeculectomy. Three 8-0 black silk sutures were preplaced
in a mattress fashion at the 10 o'clock, 12 o'clock, and 1:30 o'clock position and a
trabeculectomy was done at the 11 o'clock position. After removal of the lens, the
anterior hyaloid face fell way back. The preplaced sutures were then tied and cut.

At this point, without any coughing or straining on the part of the patient, there
was a sudden firming up of the eye with an anterior displacement of the iris. A
copious amount of vitreous was lost through the trabeculectomy. A full iridectomy
was performed and a local vitrectomy. The trabeculectomy was sealed rapidly
with 8-0 black silk sutures. At this point retina could be seen in the microscope
just behind the iris which was virtually flat against the back of the cornea. The
intraocular tension was 50 mm Hg at this time. No sclerotomy was performed.
On the first postoperative day the vision was hand motions and the anterior

chamber had reformed and the intraocular tension was 17 mm Hg. A hemorrhagic
detachment of the retina and choroid could be seen with the handlight.

Subsequently, the intraocular pressure rose to a high of 34 mm Hg, but was
controlled with topical medications and acetazolamide. A fluorescein angiogram
was taken 3'/2 weeks postoperatively as the retina began to settle, Fig 1 demon-
strates the area of residual choroidal hemorrhage. Fig 2 is the fluorescein and
leakage of dye from a retinal vessel.

At 2 months postoperatively the visual acuity was counting fingers at 2 ft and
there was slow settling of the elevated choroidal hemorrhage. This completely
resolved in about 6 months. At 8 months the vision was correctable to 20/50 and
she was given aphakic glasses. By 1 year her visual acuity was 20/30+ and she
read 0.37 M print.
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FIGURE 1
Case 4: Fundus photograph of right eye taken 31/2 weeks postoperatively. Residual choroidal
hemorrhage elevates retina and choroid temporally. Arrow points to retinal vessels poste-

rior to hemorrhage.

She then became anxious to have a similar procedure on her left eye. This was
delayed until February of 1984 when the vision in her left eye reached hand
motions. Plans were then made to do an ECCE on the left eye. In the operating
room the blood pressure was controlled at 135/70. After a retrobulbar injection
and a Honan cuff for 10 minutes the intraocular pressure was 7 mm Hg. Three 8-0
black silk sutures were preplaced in a mattress fashion. The delivery of the
nucleus went without problems as did most of the aspiration of the residual
cortex. However, after a sudden bout of emesis, there was a rapid firming up of
the eye. The anterior chamber shallowed, posterior capsule remained intact, but
the intraocular tension was 35 mm Hg. It was impossible to continue with the
irrigation aspiration of a small amount of residual cortex. Through the microscope
an elevated black mass was seen in the lower nasal quadrant. Multiple postplaced
10-0 nylon sutures were used to secure the wound and no sclerotomy was per-
formed.
One week postoperatively her vision was correctable to 20/400 with temporary

glasses. There was a large elevated choroidal hemorrhage in the nasal area of the
fundus. The intraocular tension was controlled with topical timolol. Photographs
were taken 4 weeks postoperatively (Fig 3). By 4 months the choroidal hemor-
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FIGURE 2
Case 4: Fltnorescein angiogram of same area as in Fig 1. Arrotw points omit identical retinal
vessel pattern. Note blocked choroidal fluiorescenice over area of choroidal hemorrhage as

well as leakage from anl overlying retinial vessel.

rhage had almost completely resolved and the visual acuity was correctable to
20/60.

It has now been over 5 years since the ICCE on her right eye and 1 year since
the ECCE on her left eve. Her visual acuitv is correctable to 20/30 + in each eye
and the intraocular tensions are 16 mm Hg ancl 18 mm Hg, respectively, con-
trolled on timolol 0.5% twice daily to both eyes. There is soIlle peripheral pig-
ment epithelial mottling that perhaps is the only residua of the severe bilateral
intraoperative choroidal hemorrhages that she sustainied.

DISCUSSION

Expulsive hemorrhage is the most disastrous complication of intraocular
surgery. Fortunately for both physician and patient, it is an extremely
rare phenomenon. The range in incidence of expulsive hemorrhage re-
ported in the literature is 0.05% to 0.40%, with the larger series by
Taylor26 and Holland5 citing 0.20% and 0.25% incidence, respectively.
The incidence in our cases ranged from 0.05% to 0.12% (Table II-with
the overall incidence in the Baltimore cases being 0.10% and Taxila cases
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FIGURE 3
Case 4: Fundus photograph of left eve 4 weeks postoperative, showing residual choroidal

hemorrlhage inferiorly.

0.05%. This difference is statistically significant (P < 0.025, x2 = 5.90),
Possible causes for the lower incidence of expulsive hemorrhage in the
Taxila cases include differences in patient population, in operating tech-
nique, and in the recognition of this complication. The Pakistani patient
population may be much younger and prone to less arteriosclerotic dis-
ease and glaucoma. The quick (3 to 5 minute) surgical procedure in Taxila
allows less time for hypotony-a likely predisposing factor. Finally, be-
cause the eye is closed quickly, potential expulsive hemorrhage may be
tamponaded early on and not subsequently recognized.
The years 1978 to 1983 have seen a rapid change from ICCE to ECCE

in the United States and this change is evident in the Wilmer and GBMC
experience (Tables III and IV). ICCE was performed in 89% of cases in
1978 and only 5.5% of cases in 1983. ECCE was performed in 1.6% of
cases in 1978 and and 83% of cases in 1983. The incidence of expulsive
hemorrhage in the Baltimore cases with ICCE was 0.14%, and with
ECCE 0.07%. Thus, there has been a trend toward a lower incidence of
expulsive hemorrhage during this period in the Baltimore cases. Though
the difference is not statistically significant with the present data, future

193



Payne et al

studies may substantiate this impression. However, there is a statistically
lower incidence of expulsive hemorrhage in the Taxila series compared
to the Baltimore intracapsular group (P = 0.007, x2 = 7.46). All of the
factors previously mentioned as possibly contributing to the lower inci-
dence in the Taxila group may play a role. It is of note that the incidence
of expulsive hemorrhage in the Baltimore series using the extracapsular
technique more closely approximates the Taxila experience. It is possible
that the preservation of the posterior capsule plays a role in the decreased
incidence of expulsive hemorrhage with extracapsular surgery in the
Baltimore series.
The time of occurrence of expulsive hemorrhage is interesting (Table

V). Thirteen of the 14 Baltimore cases (93%) occurred intraoperatively
whereas 13 of the 87 Taxila cases (15%) were noted at operation. Only one
Baltimore case occurred postoperatively-on the sixth postoperative day
after a previously uneventful course. Sixty-two of the 87 Taxila cases
(71%) occurred on the first postoperative day, 8 (9.2%) on postoperative
day 2, and the remaining 4 on postoperative days 3 to 5. The large
difference between time of occurrence in the Baltimore and Taxila cases is
probably due to multiple factors, such as, operating time, suturing tech-
niques, and postoperative activity. Cataract surgery in Taxila takes ap-
proximately 3 to 5 minutes compared to 30 to 60 minutes in the Baltimore
cases. Consequently, there is more time during surgery in the Baltimore
series for a choroidal hemorrhage to occur and manifest itself. If an
expulsive hemorrhage were to occur 5 minutes after the initial incision in
a Taxila cataract procedure, the patient would be off the table and it
would likely to unnoticed until the first postoperative day. In Taxila three
preplaced 8-0 silk sutures are the routine method of closure. This pro-
vides less of a water light closure than present suture techniques used in
conjunction with the operating microscope at both Baltimore hospitals.
Moreover, the postoperative activity of cataract patients in the United
States is regulated by physician instruction. On the other hand, in Taxila
postoperative instruction usually goes unheeded. It is not uncommon to
see many patients bowing their heads to the floor in prayers of thanksgiv-
ing only minutes postoperatively. Such postoperative activity may con-
tribute to the increased expulsive hemorrhages noted on the first day
after surgery.

Table VI presents possible predisposing factors to expulsive hemor-
rhage as well as the surgical management, treatment, and visual outcome
in the 14 cases of the Baltimore series. The average age was 80 years, an
age predisposed to arteriosclerosis, hypertension, and glaucoma. Indeed,
glaucoma was present in 9 of 14 patients (64%) and hypertension, in 4 of
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14 (29%). Two other patients had senile dementia. In two-thirds of the
cases some form of external pressure was used preoperatively to lower the
pressure. Twelve of 14 cases were performed under local anesthesia while
2 were under general anesthesia. This disparity is probably not signifi-
cant, as well over 95% of cataract surgery in the Baltimore hospitals is
done under local anesthesia or standby. Taylor26 speculated that general
anesthesia might carry a higher risk of expulsive hemorrhage. However,
the widespread use of local anesthesia does not allow us to make an
adequate comparison. Eleven of the cases (79%) occurred at the time of
lens delivery. It is apparent that preplaced sutures offer a rapid means of
closing and tamponading the wound if hemorrhage occurs. However, the
final postoperative visual acuity was no better in those cases in which
preplaced sutures were used. Intraoperative sclerotomies were per-
formed in 6 of 14 cases (43%) and were effective in draining the hemor-
rhage. Four of these eyes were lost. Undoubtedly, sclerotomies were
performed in the more severe cases with subsequent poorer results. Final
visual outcome varied from 20/20 to no light perception. Seven cases
(50%) were 20/200 or better 1 year postoperatively. Over one-third were
20/40 or better. However, the other seven cases were essentially lost
eyes.

The four bilateral cases presented demonstrate the wide spectrum of
visual results with this complication. Previous reports have never empha-
sized the possibility, though rare, of bilateral expulsive hemorrhage.
When operating on the second eye of a patient whose first eye has had an
expulsive hemorrhage, it would be wise to remember that lightning can
and does strike twice in the same place. Appropriate precautions should
include careful control of blood pressure, preoperative intraocular pres-
sure reduction, the smallest wound possible, and preplaced sutures. The
extracapsular technique may prove to be helpful in modifying diastrous
results from this complication by maintaining the posterior capsule. Being
prepared to quickly close the liinbal incision and to do a sclerotomy, when
indicated, may save the eye. The surgeon (JWP) in case 4 is convinced
that the favorable outcome in both eyes was due to preplaced sutures
allowing an immediate tamponade of the wound.

Because of the broad spectrum of choroidal hemorrhage and the great
variability of those associated with intraocular surgery, we propose a
classification of choroidal hemorrhage (Table VII). It is hoped that this
classification may serve to clarify the subject by giving ophthalmologists a
concise terminology to use.
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TABLE VII: CIIOROIDAL HEMORRHAGE

I. Spontaneouis
II. Associated with octular pathology, ie:

Perforated corneal uilcer, hypotonv, cvclodialysis, tumor, other
III. Trauima
IV. Associated with intraocular surgery, ie:

Cataract extractioni, glauicoma procedtures, penietrating keratoplasty, sclerot-
omy dturinig retinial detachment proceduires

A. Intraoperative
1) Complete expulsive-loss of vitreous and retina
2) Partial expulsive-no loss of vitreous anid/or lenis, blut no loss of retina
3) Nonexpulsive-no loss of initraocular contents

B. Postoperative
1) Complete expulsive-loss of Xvitreous anid retina
2) Partial expulsive-no loss of vitreous and/or lens, but no loss of retina
3) Nonexpuilsive-no loss of initraocular conitents

a) Severe
b) Limited

SUMMARY

Between 1978 and 1983, 13,890 cataract extractions were performed in
Baltimore at JHH and the GBMC with 14 expulsive hemorrhages for an
incidence of 0.10%. In the years 1963 through 1983, 180,690 cataract
extractions were performed in Taxila, Pakistan with 87 expulsive hemor-
rhages for an incidence of 0.05%. Reasons for the significant differences in
incidence are presented. The six reported cases of bilateral expulsive
hemorrhage are reviewed. Four more cases are added. A classification of
choroidal hemorrhage is presented.
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DISCUSSION

DR DANIEL M. TAYLOR. I would like to congratulate Doctor Payne and associates
for their excellent paper on expulsive hemorrhage, the most dramatic and devas-
tating complication of intraocular surgery. I am in complete agreement with the
contents of Doctor Payne's paper. My comments will therefore be supportive.
A the 1974 AOS meeting I presented a series of five expulsive hemorrhages that

I had experienced from 1951-1973.
Ten years later I have personally had an additional 16 expulsive hemorrhages,

for a total of 21 in over 7000 intraocular procedures from 1951-1984 for an
incidence of0.3%. This may be an American record. However, I shall refrain from
applying to the Guiness Book of Records. Regrettably, the 16 additional expulsive
hemorrhages over the last 10 years leave me with no deeper understanding than I
had after the first 5 hemorrhages. In recent years my surgery has included a much
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larger number of complicated cases requiring extensive and prolonged proce-
dures. This undoubtedly contributes to my rising and skewed incidence. On the
plus side I have learned to be more comfortable with the complication. My
increased index of suspicion has permitted me to deal more rapidly and effectively
with the problem, thus resulting in a 62% salvage rate.
The immediate cause of expulsive hemorrhage during intraocular surgery is the

sudden change in the intraocular pressure gradient when the eye is opened.
These changes will be greater if the arterial pressure is chronically elevated due to
hypertensive cardiovascular disease or is acutely elevated at the time of surgery
due to anoxia, CO2 build up, pressor drugs, or venous obstruction (valsalva-
vomiting, bucking, coughing).
The underlying and contributing cause is the presence of arteriolar necrosis of

the short and long posterior ciliary arteries. Manschot showed that the most
common site is just after the vessel emerges from the zero pressure scleral wall to
enter the superchoroidal space, where the intraocular pressure averages some 20
mm Hg. Arteriolar necrosis may be due to degenerative vascular disease, such as
hypertensive arteriosclerotic cardiovascular disease and diabetes. It may also
occur on a nutritional basis in an otherwise normal eye, since the vessel walls of
the small arterioles are nourished by filtration only. The average filtration pres-
sure of 30 mm Hg is the difference between the average intraocular arterial
pressure of approximately 50 mm Hg minus the intraocular pressure of 20 mm
Hg. If the patient has chronic glaucoma with an average tension of 35 mm Hg and
the arterial pressure remains at 50, the resulting filtration pressure of only 15 mm
Hg might result in inadequate nutrition of the vascular wall and subsequent
arteriolar necrosis.

All three of the above factors played a significant role in at least 18 of my own
expulsive hemorrhages. Only one occurred without an explanation. An additional
two were the result of severe postoperative trauma resulting in wound rupture.
Of the 18 cases with a plausible explanation, 3 were caused by a sudden rise in
arterial pressure after the eye had been opened for a prolonged period. One
occurred from bucking under anesthesia. The second occurred from severe un-
controllable coughing and the third from acute urinary retention that could not be
immediately relieved, with the blood pressure suddenly increasing from 140/90 to
220/140. Fourteen patients had underlying conditions that would have a tendency
to produce arteriolar necrosis. Eleven had hypertensive arteriosclerotic cardio-
vascular disease. One of the 11 also had diabetes and 3 also had chronic glaucoma.
One of the latter had already lost the fellow eye from expulsive hemorrhage.
Three patients had chronic glaucoma without hypertensive cardiovascular dis-
ease. Three patients had chronic glaucoma without hypertensive cardiovascular
disease. Two patients had serious eye disease and were undergoing extensive
reconstructive surgery in an effort to salvage the globe.

Fifteen of my patients had the expulsive hemorrhage during surgery. Four
occurred during the early postoperative period and two occurred many months
following keratoplasty from acute trauma with wound dehiscence.

This experience parallels the Baltimore series and not the Pakistan series,
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where most of the latter were reported during the early postoperative period. I
agree with Doctor Payne's theory that the speed of surgery in Pakistan, including
rapid wound closure, probably masks the presence of an operative subehoroidal
hemorrhage that does not fully manifest itself in the operating room only to be
discovered at the time of the first postoperative dressing.

In my experience the incidence of expulsive hemorrhage is much higher with
keratoplasty than with cataract extraction and is also more difficult to manage. I
experienced nine expulsive hemorrhages in approximately 1500 keratoplasties,
for an incidence of 0.6%. Four of these were extensive reconstructive keratoplas-
ties; two were triple procedures, and one had lost their fellow eye from expulsive
hemorrhage. By contrast the incidence of expulsive hemorrhage during cataract
surgery was much lower, amounting to nine cases in 5250 cataract extractions, or
an incidence of 0.17%. Further breakdown reveals that for routine intracapsular
cataract extraction there were only three hemorrhages in 3250 cases for an inci-
dence of 0.09%. When intracapsular cataract extraction was combined with an iris
supported intraocular lens there were three hemorrhages in 800 cases for an
incidence rising to 0.38%. With extracapsular surgery and posterior chamber
intraocular lens insertion there were only two hemorrhages in 1200 cases for an
incidence of 0. 16%. I do not believe however, that the presence of the capsule is a
significant factor and certainly affords little protection when a short ciliary artery
ruptures.
Treatment consists of rapid wound closure to tamponade the bleeding vessels

and early adequate scleral drainage. Vitrectomy may be performed after the
bleeding has been controlled. I have salvaged 9 of 15 eyes with this technique
when the hemorrhage occurred during surgery. Six were lost. All four eyes that
developed a massive subehoroidal hemorrhage during the early postoperative
period were salvaged without treatment but for the most part did poorly. One had
no light perception, two were left with light perception, and one returned after 2
years to 20/30. The two eyes that suffered traumatic postkeratoplasty wound
dehiscence were lost.

Finally we must realize that there is no way to avoid an expulsive hemorrhage.
They will occur inspite of our best efforts. A heightened index of suspicion does
permit us to operate more efficiently and effectively should an expulsive hemor-
rhage occur. We must be particularly wary of any patient who has had a previous
expulsive hemorrhage as Doctor Payne's paper so amptly demonstrated. We can
also be on guard when patients have hypertensive cardiovascular disease, chronic
obstructive pulmonary disease, and chronic glaucoma and make every effort to
control these conditions prior to surgery. It must be remembered however, that
the vast majority of patients with these various conditions that are often uncon-
trolled, easily undergo successful and uneventful cataract surgery. Bucking under
anesthesia can be totally illiminated by using local anesthetics. Severe coughing
and a tendency to vomit prior to surgery must be controlled or preferably the case
should be cancelled entirely. Surgery may be easily and safely performed on
another day. One must also be willing to accept the risk of a higher incidence of
expulsive hemorrhage if he is engaged in extensive reconstructive procedures
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including total penetraing keratoplasties on seriously diseased eyes, triple proce-
dures, etc.

In summary I agree completely with Doctor Payne and co-workers and con-
gratulate them for their comprehensive review of the subject.

DR GEORGE SPAETHI. I wish to stress the importance of prompt closure of the
incision in patients experiencing an expulsive hemorrhage. If the eye can be
closed prior to the extrusion of any contents other than iris, vitreous, and lens, the
outlook for recovery of good vision is excellent. If heavy suture such as 7/0 are
placed as soon as the corneal or scleral incision is made, and are inserted as a
horizontal mattress so that they can be pulled up immediately, it is almost always
impossible to close the eye promptly enough to assure saving the globe.
We've just reviewed my glaucoma surgical cases and found that expulsive

hemorrhage is approximately ten times more common in patients with glaucoma
than in those without glaucoma. Thus, preparation for this complication is espe-
cially important in such patients. With proper preparation an event which has
been traditionally considered a catastrophe usually becomes merely a very trou-
blesome complication, with eventual good recovery of visual function.

DR GEORGE HILTON. One ofour staff has had over 12 cases of expulsive hemorrhage
in his practice and he's had unusually good results by using his thumb. He pulls
down the preplaced suture immediately and puts his thumb right over the limbal
wound. It is usually a 5 to 6 mm wound, and he holds that for 10 minutes or so,
and then adds his postplaced sutures. That method seems to make sense. We feel
the two major factors are advanced age and hypotony. We can't do anything about
the age, but hypotony is one thing we can manage and it should be avoided. So we
would recommend no posterior sclerotomies but closure of the wound immedi-
ately with the thumb and permanent closure with additional sutures. One last
thought, if one has had an expulsive hemorrhage in one eye and you are getting
ready to operate on the second eye, wouldn't it be better not to lower the
intraocular pressure, but to do the operation as a pars plana lensectomy and keep
the intraocular pressure normal throughout the whole case. The entire operation
could be done at 20 mm of mercury with the Fragmatome. This is strictly an arm
chair idea. But we do encourage consideration of immediate tamponade and no
sclerotomies.

DR A. EDWARD MAUNIENEE. I, too, would like to congratulate Doctor Payne on a
very excellent presentation and to see the change in the attitude of handling
-forward bulging of the vitreous. Of the previous discussors of the paper, several
have pointed out that the most important thing to do is to tamponade the wound
and allow the pressure to rise without doing a posterior sclerotomy. I have a paper
that will appear in the June or July issue of the AJO in which I try to point out that
I think, in most instances, the forward protrusion of vitreous occurs from acute
uveal effusion. I have one patient who had interstitital keratitis and luetic choroid-
itis. I did a corneal transplant on her and was able to close the wound sufficiently
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and because of her vitreous and ciliary body prolapse performed a sclerotomy for
drainage. I drained her for 1 hour and all I got was clear serous fluid. Right at the
end there was some slight blood staining. I have now collected about four other
cases in addition to the six that I have reported in the AJO in whom I have looked
at postoperatively with both transillumination and fluorescein angiography and
can say that with acute uveal effusion this will absorb in a matter of 1 week.
Whereas, hemorrhage takes 3 to 4 months sometimes to absorb. So, I too would
make a plea to you to forget Verhoeff's stabbing technique of 1912, close the
wound. Why uveal effusion can push the pressure up to 80 mm Hg in the eye I
don't know, but it certainly will stop the bleeding and stop the uveal effusion and
you will have a much better chance of ending up with a patient with excellent
visual acuity.

DR WILLIA.Mi GLEWk. Thank you, Doctor Guerry. I once had a case of an elderly
woman I was following with cataracts not advanced enough to require surgery,
and she developed a sudden loss of vision in one eye. The anterior chamber
became shallow with transient increase in pressure and I was able to see a large
subehoroidal hemorrhage. I have always considered this as a "preop" expulsive-
type hemorrhage that never had a chance to expulse and I wanted to ask Doctor
Payne if a similar case had been seen during the period of his study. It must be
extremely rare.

DR MORTON COX. I would like to share an experience of treating one patient whose
expulsive choroidal hemorrhage caused a giant retinal tear. I first saw her 24
hours after cataract surgery. The corneal scleral wound had been successfully
closed but she had a total hyphema which obscured all view of the posterior
segment of the eye. Contact B ultrasonography demonstrated choroidal detach-
ments and also indicated that the inferior retina had been dragged superiorly
almost to the point of incarceration in the superior corneal scleral wound.

I first removed the clotted blood and vitreous from the anterior chamber with a
suction cutter inserted between sutures in the corneal scleral wound. The anteri-
or vitreous and hemorrhage immediately behind the iris was then excised via the
same route. When the anterior segment was adequately visualized the infusion
suction cutter and the infusion port was inserted through their usual positions in
the pars plana. Sclerotomies were performed to drain straw colored fluid from the
suprachoroidal space and the volume was simultaneously replaced with infusion
through the infusion cannula. The inferior retina was torn 180 degrees at the ora
serrata. The posterior flap was dragged forward and superiorly by the prolapsing
vitreous. It was technically difficult to avoid the retina while trying to remove the
prolapsing vitreous. For this reason a silicone oil bubble was infused through the
ocutome infusion cannula. This bubble was then expanded as the vitreous was
dissected from the prolapsing retina with the infusion suction cutter. Visual
control was excellent because of the optical properties of the silicone much more
satisfactory than it would have been had gas been used for the same purpose.

It was technically possible to remove all of the vitreous adherent to the inferior
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retina while simultaneously expanding the silicone bubble. Finally, internal
drainage was performed under the giant tear and the silicone expanded to push
the entie retina back into its normal position.
The giant retinal tear was treated with transscleral cryotherapy under direct

visual control. No scleral buckle was performed.
The silicone was removed from the eye without complication approximately 2

months postoperatively. The corrected visual acuity is now 20/30.

DR DANIEL M. TAYLOR. After hearing Doctor Maumenee I just have to make
another 10-second comment. A agree that tamponading thru rapid wound closure
is the most important therapeutic step that one can take in the management of
operative expulsive hemorrhage. However, if you are performing a penetrating
keratoplasty and the cornea has been totally removed, there is no way that you
can quickly close the eye. In this instance drainage of the subchoroidal space
becomes critical, in order to permit subsequent placement of the graft with a
tamponading effect. If the hemorrhage is severe and it is apparent that the retina
and choroid will be extruded thru the wound, then temporary tamponading can
be accomplished by simply placing ones thumb over the keratoplasty site. This
will gain time, and makes it possible to perform an eye salvaging posterior
sclerotomy to neutralize the destructive expulsive forces. It may even be neces-
sary to place a plastic catheter with an attached syringe in the subehoroidal space
to assist drainage, while the graft is being sutured into position. I have had success
with the latter technique on several occasions.

DR JOHN PAYNE. I greatly appreciate all the comments of the discussants, and
particularly Doctor Taylor. As Doctor Taylor went through his slides, it seemed to
me that his statistics on extracapsular and extracapsular with intraocular lens
compared to intracapsular showed a trend toward a lower incidence of expulsive
with extracapsular extraction. So I would like to study those a little more care-
fully. In regard to Doctor Spaeth, we had no way of getting at the data as to how
many of those 13 thousand cataract cases were actually glaucoma patients too. The
record rooms just didn't have that information and we didn't review 13 thousand
individual charts. We only reviewed the charts of the 14 cases that had expulsives.
In regard to Doctor Hilton, I certainly agree that a tamponade is the preferable
way to do it, but sometimes you are unable to close the wound at all when the
retina is prolapsing. In those cases I would certainly think a selerotomy would be
indicated to see if you can't get the retina back in the eye before you tamponade
it. Also, in regard to Doctor Hilton's mention of a pars plana lensectomy as a
possibility, I was told of a case at the Wilmer Meetings 3 weeks ago by a retina
surgeon. He was referred a patient who had had an expulsive in the first eye with
a detachment in the other. He was able to repair that detachment. Later on he
proceded to do the cataract on this second eye by pars plana technique. Twelve
hours after pars plana removal, the eye was lost, went to no light perception, from
an expulsive hemorrhage. In regards to Doctor Maumenee's comments on cho-
roidal effusion, certainly some of these expulsives may be preceded by effusions of
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a serous or a serosanguinlous nature. However, I certainly don't think all of them
are preceded by effusionis, because some of the very sudden ones, if they are
drained, show b)lood right away. Doctor Glew presents an interesting case of a
preop expulsive. I don't know quite what to make of that without having a more
complete history. I appreciated Doctor Cox's comments about the giant tears.


