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Notable Cases

cryoglobulinaemia was diagnosed and treated with p
and methylprednisolone.

Clinical records

Patient 1
Presentation: A 66-year-old woman presented to o
We report two elderly women who presented with hypertensive crisis and acute pulmonary oedema, 
which responded poorly to antihypertensive therapy. The patients were later diagnosed as having 

hepatitis C virus-related cryoglobulinaemia. (MJA 2005; 182: 38-40)
cu
sev
beA
 te pulmonary oedema is a well-known complication of

ere hypertension,1 but, to our knowledge, has never
en reported in association with mixed cryoglobulin-

aemia. We report two patients with severe hypertension who
presented with pulmonary oedema which was not controlled until

lasmapheresis

ur emergency
department in late February (winter) with severe dyspnoea of 2
hours’ duration. She had a 10-year history of hypertension, and
had had a stroke 3 months before, but had recovered. Over the
previous month, her blood pressure had been over 210/
120 mmHg, and she had intermittent dyspnoea, orthopnoea and
leg oedema. On examination, she was orthopnoeic, with blood
pressure of 218/124 mmHg, regular pulse of 126 bpm, and respi-
ratory rate of 36 breaths per minute. She had engorged jugular
veins, bilateral chest crackles, hyperpigmentation of the legs and
marked bipedal pitting oedema. A chest radiograph showed
diffuse haziness over both lungs. Electrocardiography (ECG)
showed inverted T waves in leads V4 to V6. Oxygen saturation was
77% while breathing 100% O2 (reference range [RR], 95%–100%).
Initial management: The patient was intubated and mech-
anically ventilated. Her central venous pressure was 13 cmH2O
(RR, 3–11 cmH2O), and pulmonary wedge pressure was
19 mmHg (RR, 6–12mmHg). She was treated with intravenous
glyceryl trinitrate and diuretics, but over the next 48 hours her
blood pressure fluctuated between 300/130 mmHg and 200/
90 mmHg, and pulmonary oedema persisted.

After 2 days, the patient was extubated. Over the next 24 hours,
she developed massive bilateral pleural effusions and numerous
petechiae over the legs. Echocardiography revealed a normal left
ventricular (LV) ejection fraction (72%) and diastolic dysfunction.
Radionuclide angiography confirmed these findings. Laboratory tests

showed hypoalbuminaemia, proteinuria (daily protein loss, 9.3g),
haematuria with granular casts, impaired renal function, anaemia and
thrombocytopenia (Box 1). Nephrotic syndrome was diagnosed.

Further tests revealed a decreased serum concentration of
complement components C3 and particularly C4, and markedly
raised concentration of rheumatoid factor. However, tests were
negative for antinuclear (ANA), anti-double-strand-DNA (anti-ds-
DNA), antiglomerulo-basement-membrane and antineutrophil-
cytoplasmic antibodies. A cryoglobulin test was positive (Box 2).
Immunofixation electrophoresis of the cryoprecipitates showed
monoclonal IgM/kappa and polyclonal IgG. A test for hepatitis C
virus antibodies (anti-HCV) was then performed and was positive.
Diagnosis: On Day 27 of admission, the patient was diagnosed
with type II mixed cryoglobulinaemia associated with HCV infec-
tion. At that time, her blood pressure was still fluctuating between
230/130 mmHg and 180/100 mmHg, and pulmonary oedema and
massive pleural effusions persisted, despite vigorous antihyperten-
sive therapy with frusemide, intravenous glyceryl trinitrate, an α-
adrenergic blocker and angiotensin-converting enzyme inhibitors.
Repeated thoracocentesis was required to release massive effusions
(initially transudative, but later haemorrhagic). Renal biopsy
revealed diffuse glomerulonephritis with crescent formation.
Management: Plasmapheresis was started on Day 27, along with
pulse therapy of intravenous methylprednisolone (500 mg daily
for 3 days). After five courses of plasmapheresis in 12 days, the
hypertension and pulmonary oedema were controlled.

The patient was discharged from hospital on Day 57 of admis-
sion. At discharge, serum creatinine level was 141 µmol/L (refer-
ence range [RR], 53–106 µmol/L), and she was taking
prednisolone (25 mg), diltiazem (180 mg), spironolactone (75 mg)
and doxazosin (8 mg) per day.

1 Blood test results before diagnosis of 
cryoglobulinaemia

Test Patient 1 Patient 2
Reference 

range

Serum albumin (g/L) 24 24 32–45

Serum urea nitrogen (mmol/L) 13.9 36.8 2.9–8.2

Serum creatinine (µmol/L) 230 412 53–106

Haemoglobin (g/L) 59 98 120–160

Platelet count (� 109/L) 105 69 150–450

Complement 3 (g/L) 0.62 0.30 0.79–1.19

Complement 4 (g/L) 0.02 0.07 0.17–0.37

Rheumatoid factor 1:10 240 > 1:20 480 < 1:40
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Patient 2
Presentation: In February, 2 years after
Patient 1, a 77-year-old woman presented to
our emergency department with a 1-day
history of severe dyspnoea and orthopnoea.
She had had hypertension for 3 years. On
several occasions during the previous
month, her blood pressure had risen to 200/
120 mmHg. On examination, she was stu-
porous, with blood pressure of 200/
110 mmHg, regular pulse of 112 bpm, and
respiratory rate of 36 breaths per minute.
She had engorged jugular veins, bilateral
chest crackles, hepatomegaly, ascites and
bipedal oedema. A chest radiograph showed
bilateral diffuse haziness, and ECG showed
a generalised low QRS complex. Blood gas
analysis showed pH, 7.43 (RR, 7.35–7.45);
PaCO2, 3.9 kPa (RR, 4.7–5.3 kPa) and PaO2,
11.2 kPa (RR, 12.7–13.3 kPa) while breath-
ing oxygen through a mask.
Initial management: The patient was intu-
bated and mechanically ventilated. Central
venous pressure was 12 cmH2O. Echocardiography revealed
concentric LV hypertrophy, normal LV ejection fraction, but
impaired LV diastolic function. Blood pressure fell to 170–200/
90–100 mmHg in 2 days, after diuretic and nitroprusside therapy,
but pulmonary oedema and respiratory failure did not decrease,
even after haemodialysis. She had massive ascites, bilateral
pleural effusions, hypoalbuminaemia, proteinuria (daily protein
loss, 3.5 g), haematuria, poor renal function, anaemia and throm-
bocytopenia (Box 1). Nephrotic syndrome was diagnosed.

Levels of both C3 and C4 were markedly low. ANA and anti-ds-
DNA antibodies were negative, but rheumatoid-factor titre was
markedly high. Cryoglobulin tests on Days 14 and 16 of admission
were positive. Immunofixation electrophoresis of serum cryo-
precipitates showed polyclonal IgG. HCV tests were negative for
anti-HCV antibody but positive for serum HCV RNA.
Diagnosis: The diagnosis of type III mixed cryoglobulinaemia
associated with HCV infection was thus established on Day 16 of
admission. At that time, the patient was still being mechanically
ventilated and needed repeated thoracocentesis (effusions were
initially yellow, but later became haemorrhagic). Computed tom-
ography of the head showed multiple ischaemic infarcts.
Management: Plasmapheresis and methylprednisolone pulse ther-
apy (1 g intravenously daily for 3 days) were started on Day 17 of
admission. The patient was extubated the next day and discharged
from hospital 2 weeks later, after two courses of plasmapheresis.
Serum creatinine level at discharge was 291.5 µmol/L.

Discussion
Hypertensive crisis with rapid-onset pulmonary oedema has been
associated with coronary artery disease,2 renal artery stenosis3,4

and phaeochromocytoma,5 but a search of English-language arti-
cles in PubMed revealed no previous reports of an association with
mixed cryoglobulinaemia. The latter is characterised by the pres-
ence of cold-precipitable cryoglobulins in serum. Underlying
diseases include autoimmune and infectious diseases, especially
hepatitis C.6-9 “Mixed” indicates that the cryoglobulins in these

patients contain either monoclonal plus poly-
clonal immunoglobulins (type II cryoglob-
ulinaemia), or polyclonal immunoglobulins
(type III cryoglobulinaemia).7 In hepatitis C,
cryoglobulins usually contain anti-HCV
antibody, HCV RNA and IgM rheumatoid
factor (ie, anti-IgG autoantibody).9

Cryoglobulins often trigger the formation
of immune complexes, leading to immune-
complex-type vasculitis, and produce cuta-
neous, vasomotor, renal and neurological
symptoms.7-9 In our patients, factors precipi-
tating the acute pulmonary oedema included
hypertensive crisis, renal insufficiency and
probably coronary insufficiency. The hyper-
tensive crisis and pulmonary oedema had
abrupt onset, progressed rapidly to respira-
tory failure, were accompanied by nephrotic
syndrome, and responded poorly to anti-
hypertensive and diuretic therapy.

Our patients had had moderate hyperten-
sion for 3–10 years before their blood pres-
sure suddenly rose markedly 2 to 3 months

before the development of pulmonary oedema. Hypertension has
been found in 37% of patients with cryoglobulinaemia.6 When the
underlying disease of cryoglobulinaemia (eg, hepatitis C) flares up,
levels of cryoglobulins (which contain HCV-RNA) increase, result-
ing in higher levels of circulating immune complexes, acute
vasculitis and raised blood viscosity. These factors all precipitate
the abrupt rise in blood pressure and pulmonary oedema, and
explain the failure of conventional antihypertensive agents.

Treating cryoglobulinaemia in our patients decreased renal
vasculitis and ischaemia, fluid overload, and ultimately hyperten-
sion and pulmonary oedema. Coronary vasculitis, found at
autopsy in 22% of patients with mixed cryoglobulinaemia,6 could
contribute to pulmonary oedema. However, both our patients had
a normal LV ejection fraction, suggesting that neither had signifi-
cant coronary vasculitis.

In both patients, acute pulmonary oedema developed in winter.
Whether cold weather worsens hypertension by precipitating
more cryoglobulins and increasing viscosity awaits further obser-
vation.

In our patients, the initial features that led to the suspicion of
vasculitis were petechiae, proteinuria and haematuria. Further
testing revealed decreased complement levels (especially C4).
These and other manifestations, including oedema, ascites, recur-
rent pleural effusions, cerebral infarction and glomerulonephritis,
were caused by circulating cold-precipitable immune complexes
and resulting vasculitis.6-9

Chronic HCV infection stimulates B-cell clones to proliferate
and produce cryoprecipitable IgM antibody with rheumatoid-
factor activity10 — an important laboratory index of HCV-related
mixed cryoglobulinaemia. However, Patient 2 was negative for
anti-HCV antibody, possibly because the sensitivity of the anti-
HCV immunoassay, although high, is still suboptimal,11 or because
the anti-HCV antibodies were concentrated in cryoprecipitates,
and therefore not detectable by the serum assay.7

In both patients, the refractory hypertension and pulmonary
oedema responded to plasmapheresis and methylprednisolone
therapy. Conventional treatment of mixed cryoglobulinaemia aims

2 Cryoglobulin test

Cryoglobulin particles float in the serum and 
precipitate at the bottom of the test tube at 
4°C. The particles dissolve on rewarming of 
serum to body temperature.
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to reduce circulating immune complexes through immunosup-
pression and plasmapheresis.8 Although immunosuppressive ther-
apy alone could ameliorate vasculitis,12 plasmapheresis has shown
hypotensive effect in immune-complex nephritis, including mixed
cryoglobulinaemia.13 It also reduces plasma viscosity and
improves perfusion of the affected organs,14 thus helping in
patients with hypertension, encephalopathy or severe renal
impairment.

Neither patient had a history of blood transfusion, surgery,
intravenous drug use or tattooing. They probably acquired HCV
infection through non-sterile injections or acupuncture in local
clinics, the most common source of HCV infection in Taiwan.15,16

With the increasing prevalence of hepatitis C,17 knowledge of its
extrahepatic manifestations is important. Our two patients illus-
trate the association with mixed cryoglobulinaemia presenting
with hypertensive crisis and acute pulmonary oedema.

References

1 Gandhi SK, Powers JC, Nomeir AM, et al. The pathogenesis of acute
pulmonary edema associated with hypertension. N Engl J Med 2001;
344: 17-22.

2 Kelly J. Flash pulmonary oedema: think of coronary artery disease first.
Lancet 2001; 358: 1646-1647.

3 Pickering TG, Herman L, Devereux RB, et al. Recurrent pulmonary
oedema in hypertension due to bilateral renal artery stenosis: treatment
by angioplasty or surgical revascularisation. Lancet 1988; 2: 551-552.

4 Conlon PJ, O’Riordan E, Kalra PA. New insights into the epidemiologic
and clinical manifestations of atherosclerotic renovascular disease. Am J
Kidney Dis 2000; 35: 573-587.

5 Sheikhzadeh A, Fatourechi V, Paydar D, et al. Unusual cardiovascular
manifestations in a case of pheochromocytoma. Clin Cardiol 1983; 6: 136-
142.

6 Gorevic PD, Kassab HJ, Levo Y, et al. Mixed cryoglobulinemia: clinical
aspects and long-term follow-up of 40 patients. Am J Med 1980; 69: 287-
308.

7 Brouet JC, Clauvel JP, Danon F, et al. Biologic and clinical significance of
cryoglobulins. A report of 86 cases. Am J Med 1974; 57: 775-788.

8 Dispenzieri A, Gorevic PD. Cryoglobulinemia. Hematol Oncol Clin North
Am 1999; 13: 1315-1349.

9 Agnello V, Chung RT, Kaplan LM. A role for hepatitis C virus infection in
type II cryoglobulinemia. N Engl J Med 1992; 327: 1490-1495.

10 De Re V, De Vita S, Marzotto A, et al. Pre-malignant and malignant
lymphoproliferations in an HCV-infected type II mixed cryoglobulinemic
patient are sequential phases of an antigen-driven pathological process.
Int J Cancer 2000; 87: 211-216.

11 Kao JH, Lai MY, Hwang YT, et al. Chronic hepatitis C without anti-
hepatitis C antibodies by second-generation assay. A clinicopathologic
study and demonstration of the usefulness of a third-generation assay.
Dig Dis Sci 1996; 41: 161-165.

12 Vitti MP, Torriani A, Fugazza M, et al. The role of plasmapheresis in the
treatment of primary and secondary cryoglobulinemia. Minerva Med
1985; 76: 793-796.

13 Puccini R, Fommei E, Meconi P, et al. Hypotensive effect of plasma
exchange in immune complex nephritis. Artif Organs 1985; 9: 42-46.

14 Russo GE, Caramiello MS, Vitaliano E, et al. Haemorheological changes
in mixed cryoglobulinemia during apheresis treatment. Transfus Sci 1996;
17: 499-503.

15 Ho MS, Hsu CP, Yuh Y, et al. High rate of hepatitis C virus infection in an
isolated community: persistent hyperendemicity or period-related phe-
nomena? J Med Virol 1997; 52: 370-376.

16 Sun CA, Chen HC, Lu CF, et al. Transmission of hepatitis C virus in Taiwan:
prevalence and risk factors based on a nationwide survey. J Med Virol
1999; 59: 290-296.

17 Zacks SL, Fried MW. Hepatitis B and C and renal failure. Infect Dis Clin
North Am 2001; 15: 877-899.

(Received 9 Jun 2004, accepted 5 Oct 2004) ❏
40 MJA • Volume 182 Number 1 • 3 January 2005

The Australian health care system. 2nd ed. Stephen J Duckett. 
Melbourne: Oxford University Press, 2004 (xxv + 341 pp, $59.95). 

ISBN 0 19 5517458.

THE AUSTRALIAN HEALTHCARE SYSTEM is daunt-
ingly complex. To understand it you need a good
map, and this book, now updated to a 2nd edition,
is an excellent map. Most structural aspects, such
as funding arrangements; provider configuration
including hospitals, primary care and public health;
and policy issues such as workforce and health
system design, are described clearly and concisely
using a systems framework.

Arguably, there is no one else who has had the range
of experience of travelling through and, on occasion,
steering the Australian healthcare system than the
author. Professor Duckett is a leading health services
academic and has been our most senior health bureau-
crat. He brings an operations research, economic, mana-
gerial, policy and a particular political perspective to the
task.

No one, of course, writes a book exactly as a reviewer would
have. Given the author’s background, I would have appreciated

more on his perspective of the role of politics and
process in shaping the health system over the past 20
years. Perhaps that will be another book — a 21st-
century version of the seminal 1984 book by the late
Sydney Sax, A strife of interests: politics and policies in
Australian health services (Sydney: Allen and Unwin,
1984).

The present work will contribute most as a
textbook for postgraduate students in public health
and health services management, for whom it is
already a standard text. However, all clinicians
would benefit from a deeper understanding of the
Australian healthcare system and how it provides
the construct for their clinical work. This book is
a good place for them to start that journey.

Johannes U Stoelwinder
Chair of Health Services Management

 Alfred Hospital, Melbourne, VIC
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