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SUMMARY A patient with Waldenstrom's macroglobulinaemia presented with visual reduction in
both eyes. The funduscopic and angiographic demonstrations of venous engorgement ('string of
sausages'), retinal haemorrhages at all levels, retinal and disc oedema, and serous detachment of
the maculas were consistent with this diagnosis. The cryoprecipitation of the immunoglobulin at a
temperature slightly below body temperature precluded routine blood studies and plasmapheresis.
Plasmapheresis was ultimately performed without difficulty with the patient and equipment at 88°F
(31°C). Despite marked improvement in the funduscopic and angiographic appearance of the
retina, perifoveal capillary nonperfusion and serous elevation of the macula persisted. Even when
the maculas flattened in both eyes, no visual recovery occurred. Early diagnosis, even on a clinical
basis when laboratory studies cannot be performed, and early plasmapheresis to reduce serum
viscosity are warranted to prevent intravascular occlusion in the perifoveal capillary bed,
deposition of immunoglobulin in the retina, and transudation in the subretinal space.

Intravascular hyperviscosity in Waldenstrom's
macroglobulinaemia produces a pattern of retinal
changes including increased diameter and 'string of
sausages' appearance of the retinal veins; dot, blot,
and flame-shaped haemorrhages; retinal and disc
oedema; and serous retinal detachment."
Fluorescein angiography shows microvascular
changes such as the formation of microaneurysms,
especially in the perifoveal area, and discrete areas of
capillary nonperfusion.2
The high intravascular concentration of IgM

(molecular weight 600000 to 1 000000) is produced by
a single B-cell line, and accounts for the elevated
intravascular volume that dilates the venous and
capillary beds of the retina.3 Retinal haemorrhages
and oedema result from compromise of the retinal
microvasculature and platelet dysfunction produced
by coating with IgM.7 This immunoglobulin may also
cryoprecipitate, making laboratory determinations
and therapeutic plasmapheresis technically difficult.

This report describes a patient with Waldenstrom's
macroglobulinaemia and cryoglobulin formation.

Correspondence to Edgar L. Thomas, MD, LSU Eye Center, 136
South Roman Street, New Orleans, LA 70112, USA.

Accurate diagnosis and treatment were hindered by
rapid cryoprecipitation of this patient's whole blood
at room temperature; the delay resulted in bilateral
capillary closure in the perifoveal zone and chronic
serous detachment of the maculas. Visual recovery
did not occur after innovative plasmapheresis, which
reversed all the retinal changes except capillary non-
perfusion in the perifoveal area and pigmentary
atrophy under the areas of previous serous macular
detachments.

Case report

A 48-year-old black male was admitted to the Johns
Hopkins Oncology Center in January 1981 for the
evaluation of serum hyperviscosity. The patient had
noted increasing weakness, dizziness, and recurrent
epistaxis in the 6 months prior to admission.
Investigation of the bleeding at another hospital
demonstrated an IgM kappa monoclonal immuno-
globulin. Aspirin and Persantine (dipyridamole) were
prescribed. The patient continued to experience
intermittent bleeding and noted progressive blurring
of vision, as well as occasional headaches.
When he was first seen in the Retinal Vascular
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IA 1B
Fig. 1A Severe venous engorgement with diffuse retinal and disc oedema, flame-shaped and dot, blot haemorrhages, with a
shallow serous detachment ofthe macula (borders marked with arrows). Right eye, January 1980. B Similarfundus changes
with a less discrete serous elevation ofthe macula (borders marked by arrows). Left eye, January 1981.

Center at the Wilmer Institute, the best corrected
visual acuity was 7/200 in the right eye and 5/200 in the
left eye. The anterior segment and vitreous were
normal. Fundus examination showed venous
engorgement, 'sausaging' of veins, retinal
haemorrhages at levels within the retina, oedema of
the disc and retina, and serous detachment of the
macula (Fig. 1A,B). Fluorescein angiography high-
lighted the venous and capillary bed abnormalities,
especially microaneurysm formation and perifoveal
nonperfusion. (Figs. 2A,B). Outside of the posterior
pole, similar changes were more severe focally (Fig. 3).
The patient had hypertension, and the liver, spleen,

and several lymph nodes were enlarged. It was
impossible to evaluate haematological or biochemical

parameters because the patient's blood was too
viscous to be analysed. Subsequently, the patient's
paraprotein was determined to be a cryoglobulin. A
lymph node biopsy was nondiagnostic, but a bone
marrow biopsy revealed focal aggregates of
lymphocytes consistent with Waldenstrom's
macroglobinaemia.

Initial attempts at phlebotomy and replacement
with saline did not improve the patient's symptoms.
Subsequently he underwent plasmapheresis in his
hospital room, which was heated to 88°F (31°C) in an
attempt to prevent agglutination of the blood in the
machine. The first serum viscosity that could be
measured (2 February 1981) was 7-8 (normal 1-4-1P8)
(see Table 1 footnote for meaning of these measure-

2A H2
Fig. 2A Fluorescein angiogram shows moderate numbers ofmicroaneurysms, diffuse capillary bed dilatation, and an
increase in the size ofthe capillary-free zone. Earlyfluorescein leakage at the temporal aspect ofthe disc is seen. Left eye,
January 1980. B Microaneurysms in the perifoveal zone are more prominent with slight enlargement ofcapillary-free zone.
Left eye, January 1981.
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Fig. 3 Superotemporal arcade with marked venous
'sausaging' (open arrow) and moderate microaneurysm
formation (closed arrows). Capillary nonperfusion is present
in the areas surrounded by microaneurysms. Left eye,
January 1981.

ments). After 2 sessions of plasmapheresis the
viscosity decreased to 3-3 and the fluorescein arm-to-
retina circulation time decreased from 22 to 13
seconds. In addition to further frequent
plasmaphereses, which were performed at room

temperature (Table 1), the patient was treated with
cyclophosphamide and prednisone.

Five months after the start of treatment the visual
acuities remained 7/200 in the right eye and 5/200 in
the left eye. The severe venous changes, intraretinal
haemorrhages, and disc oedema had resolved;
however, persistent serous detachments of both
maculas persisted (Figs. 4A,B).

Eight months after therapy the serous detachments
had resolved. Persistent decreased perfusion in the
perifoveal area and moderate pigmentary alterations
under the previous areas of serous detachment were
shown by fluorescein angiography (Figs. 5A,B).
Visual acuity remained less than 20/200 in both eyes.

Discussion

A major complication of Waldenstrom's macro-
globinaemia is the development of the hyperviscosity
syndrome, characterised by fatigue, headaches,
epistaxis, and visual impairment. Plasmapheresis to
reduce the concentration of the circulating
monoclonal IgM immunoglobulin is quite successful
in relieving the symptoms and, if instituted early, in
reversing visual disturbances.

This patient showed a sequence of anatomical
alterations in the eye produced by intravascular
hyperviscosity. Early diagnosis and management
were complicated by the propensity of the macro-
globulins (IgM) to cryoprecipitate within seconds at a

Table 1 Serum viscosity

Date (1981) of Date Serum
plasmapheresis (1981) viscosity*

At 88°C
28 Jan.
30 Jan. 2 Feb. 7-8
3 Feb.

4 Feb. 3-3
At room temperature
6Feb. 10Feb. 3-4
12 Feb.
19 Feb. 19 Feb. 40
26 Feb.
10 Mar.

31 Mar. 2-4
3 Apr.
21 Apr.

28 Apr. 2-9
6May 5.3

7 May
21 May

28 May 2-4
4 June

9 July 4-5
10 July
17 July

29 July 2-5
17 (2) Aug.

.3 Sept.
10 Sept.
17 Sept.

29 Sept. 1-7

Viscosity measured with the Ostwald-Viscometer relative to the
viscosity of saline. Values less than 1-6 are within normal limits.

temperature slightly less than body temperature. The
reduced vision and funduscopic and angiographic
findings were the only criteria for diagnosis, since
laboratory confirmation of increased intravascular
viscosity could not be made until the patient had been
subjected to plasmapheresis to remove the
cryoglobulin.

Initial management with aspirin and Persantine at
another hospital failed to preserve vision and may in
fact have had no effect on platelet aggregation in this
case, in which hyperviscosity resulted from large
intravascular immunoglobulin molecules coating the
platelets. When the patient was first seen at the
Wilmer Institute, vision was reduced to 5/200 and
7/200 in the right and left eyes, respectively. The
results of the funduscopic examination showed all of
the classic findings of hyperviscosity retinopathy
-'string of sausages' change in retinal veins,
haemorrhages at all levels in the retina, retinal
oedema, and exudative (serous) retinal detachment.

Innovative plasmapheresis was serially performed
with patient, equipment, and personnel working in a
heated room with the ambient temperature above
88°F (31°C). The patient and equipment tolerated the
procedure on many occasions, and ultimately enough
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4A 4B
Fig. 4A Residual serous detachment ofthe macula (borders marked by straight arrows) persisted 4 months after
plasmapheresis. Subretinalprecipitates are seen (curved arrow). Right eye, April1980. B Extensive serous detachment ofthe
macula is present (borders marked by straight arrows). Subretinal precipitates are also seen (curved arrow). Left eye, April
1981.

of the intravascular cryoglobulin was removed so that
further plasmapheresis could be performed at room
temperature.

Funduscopic examination revealed improvement,
with gradual decrease in venous tortuosity and
engorgement, clearing of retinal haemorrhages, and
decreased retinal oedema. Fluorescein angiography
showed the same improvements, as well as clearing of
almost all of the microaneurysms. The areas of non-
perfusion also cleared except in the posterior pole,
where persistence of an enlarged capillary-free zone
was noted (Figs. 5A,B). Serous elevation of the
maculas persisted for several months following
clearing of the other retinal findings. Despite

flattening of the maculas with time, the patient's
vision has not improved.

Several mechanisms may be responsible for the
failure of visual recovery. Capillary occlusion of the
perifoveal net was present on the initial fluorescein
angiogram. Microvascular sludging and possible
thrombosis may have begun several months prior to
our examination. After plasmapheresis, with
reduction of total intravascular volume and decrease
in retinal oedema, no improvement in perifoveal
perfusion occurred. Vascular remodelling of the
macular and perimacular capillary bed has been
described in sickle cell retinopathy.8 This retinal
occlusion occurs, however, in arterioles rather than in

5B
Fig. 5A Fluorescein angiography 7months afterplasmapheresis shows an area (outlined with arrows) ofhyperfluorescence
with atrophy ofthepigment epithelium corresponding to theprevious serous detachment, which has now resolved. Right eye,
July 1980. B Resolution ofserous detachment with area ofdecreased pigmentation (outlined by arrows). Minimal
microaneurysms remain. Left eye, July 1981.
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the capillary bed and venous circulation. No evidence
of remodelling of the perifoveal capillary bed was
found in this case. Microaneurysms were prevalent
throughout the entire posterior pole in each eye.
After plasmapheresis they were almost entirely
absent in both eyes; apparently this microvascular
change was reversible. In one report microaneurysms
actually increased following plasmapheresis.2
Mechanical obstruction of the capillary bed by
aggregated blood components or true thombus was
apparently not reversed by plasmapheresis.
Recanalisation of the thrombi did not occur.

Chronic serous detachment, though asymmetrical,
was present for 5 months following plasmapheresis.
This finding resembled idiopathic central serous
retinopathy when the retinal vascular changes cleared
and surrounding retinal and disc oedema resolved.
The fluorescein angiographic examination, however,
showed neither unifocal nor multifocal leaks in the
pigment epithelium. Minimal late pooling of
fluorescein in the serous detachment was seen. The
chronicity of the detachment may have played an
important role in the poor visual result in this patient.
Prolonged serous detachment of the macula in central
serous retinopathy is a recognised cause of visual
reduction to levels less than 20/200.9
The pathophysiology of these detachments may be

unique. A recent report of the immunofluorescent
staining of the retina in a patient with Waldenstrom's
macroglobulinaemia showed the presence of
immunoglobulin in the superficial retina, centrally in
the cystoid spaces, and surrounding the photo-
receptors.5 Serous detachment of the macula was not
reported; however, Bruch's membrane and the
choroid were absent on the histopathological section.
These authors postulated extravasation of immuno-
globulin in the superficial retina. They did not suggest
a trans-pigment-epithelial route for immunoglobulin
deposition in the subneurosensory retinal space. In
their study the presence of high concentrations of
immunoglobulin around the rod and cone outer
segments would make this a plausible route. If the
serous macular detachment had been the result of
immunoglobulin deposition with its concomitant

oncotic pressure, prolonged serous elevation would
have been expected. The clearing of immunoglobulin
by the retinal pigment epithelium may have been very
slow, and the toxicity of immunoglobulin to the
pigment epithelium may have further hindered this
process.

Toxicity of the immunoglobulin produced by
blocking the diffusion of nutrients to the outer
segments, oncotic pressure dehydrating the intra-
cellular volume of cells at all levels within the retina,
and persistence of immunoglobulin in and about the
retinal outer segments, preventing adequate
apposition to the retinal pigment epithelium, may
also account for the failure of photoreceptor
recovery. Theoretically, if the temperature in the
serous detachment were slightly less than core body
temperature, cryoprecipitation might have occurred
in the subsensory retinal space.

Dr Thomas and Dr Olk were recipients ofHEED fellowships.
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