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the observations of Martin and Olson.2 Other reports of radiation-
induced thyroid cancer have dealt with the consequences of thera-
peutic irradiation. The history of past irradiation in our first patient
was not obtained until his brother also developed a cancer, when
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Histological appearances of well-differentiated papillary carcinoma
of thyroid from two brothers. Above: case 1. Below: case 2.
Haematoxylin and eosin x 100 (original magnification).

inquiry was much more searching. Hence it is clearly important to pay
careful attention to a history of special diagnostic procedures, particu-
larly cardiac screening.
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Thromboxane A2 in pregnancy and
puerperium

A recent report presented evidence that despite the rise in the anti-
aggregatory agent prostacyclin during late pregnancy the aggregation
of platelets was enhanced.' An increase in the proaggregatory agent
thromboxane A2 (TxA2) could explain this discrepancy.2 To study the
production of the proaggregatory and vasoconstricting agent thrombo-
xane A2 during human pregnancy and puerperium we measured the
concentrations of its stable metabolite thromboxane B2 (TxB2) in
plasma and serum from 45 women at 11-41 weeks of normal preg-
nancy, 11 puerperal women 53-60 days postpartum, and 22 healthy
non-pregnant control women.

Subjects, methods, and results

Seventy-eight healthy women aged 17-39 volunteered for the study. None
had taken drugs known to interfere with the synthesis of prostaglandins
within 10 days of starting the study. We determined their TxA2 production
by measuring plasma and serum concentrations of its stable metabolite
thromboxane B2 (TxB2) by radioimmunoassay. The rationale of this
approach was to measure the circulating TxB2 in vivo and the capacity of the
platelets to produce TxB2 during spontaneous clotting. The amount of
TxB2 produced during spontaneous clotting correlates closely (r>0 90)
with the amount of TxB2 released from platelets during induced aggregation
in platelet-rich plasma. Thus two blood samples were collected with the
same venepuncture. To obtain plasma blood was taken into ice-cold hepari-
nised tubes containing acetylsalicylic acid at a final concentration of 0-02
mmol/l (1-3 mg/100 ml) and centrifuged immediately at 4°C. For the sera,
blood samples were taken into dry tubes and allowed to clot at 37°C for
exactly 60 min before centrifugation. Both plasma and sera were stored
frozen at -20°C until assayed. The samples from pregnant, puerperal, and
non-pregnant women were equally distributed in different radioimmunoassay
batches.
The results were subjected to the two-tailed Student's t test and regression

analysis. TxB. concentrations in plasma were higher in the pregnant and
puerperal women than in the controls, but no significant changes could be
seen with advancing gestational age (table). Similarly, TxB2 production
during spontaneous clotting was greater during pregnancy and the puer-
perium than in the non-pregnant women. The TxB2 concentrations in
plasma and serum correlated significantly with each other (r= 0-515, n= 78,
p <0-001).

Mean (±SE) concentrations of thromboxane B2 in plasma and production of
thromboxane B2 during clotting.of blood samples at 37°Cfor 60 min in pregnant
andpuerperal women compared with those in healthy, non-pregnant women

No of TxB2 in plasma TxB. in serum
Population women (pg/ml) (ng/ml)

Pregnant women: 45 266-4 ±38-6* 255-2 ± 14-1t
Pregnancy week 11-28 21 200-7±47-1t 261-3 ± 194t
Pregnancy week 32-41 24 323-6 ±58-6* 249-8±20-7t

Puerperal women (53-60 11 196-3±23-7t 239-2 ±17-7t
days postpartum

Non-pregnant controls 22 99:3± 11-5 183-4+14-5

*p<0 001, tP<0 01, $p<0 05 compared with concentrations in non-pregnant
controls.

Comment

Our results show that both plasma TxB2 concentrations and TxB2
release in response to thrombin-induced platelet aggregation during
spontaneous clotting rise during pregnancy and the puerperium. This
rise in proaggregatory TxA2 production could explain the increased
platelet reactivity3 and the common occurrence of thromboembolic
complications4 at these times. Our results could also explain why the
capacity of platelets to aggregate was increased despite the enhanced
production of the antiaggregatory agent prostacyclin in late preg-
nancy.' Conceivably the balance between TxA2 and prostacyclin
shifts to the side of TxA2 dominance during pregnancy and puer-
perium.
The actual source of high plasma TxB2 concentrations throughout

normal pregnancy, as observed in this study, and at term5 is not known.
Several pregnancy-associated tissues such as amnion, chorion,
decidua, and placenta are c-apable of producing TxB2 in vitro-; and
they may contribute to the high plasma concentrations of TxBg
during pregnancy but not during -puerperium. Possibly the raised
plasma TxB2 concentrations reflect a greater incidence of micro-
thrombi in the circulation at these times. But we must emphasise that
despite t-he use of adequate anticoagulants and prostaglandin synthesis
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inhibitors in the collecting tubes, minor aggregation of platelets and
consequent release of TxB2 during sampling is largely unavoidable.
The raised plasma TxB2 concentrations might therefore in part reflect
the increased capacity of the platelets to produce TxB2 during
aggregation. That there is an increased generation of TxB2 in re-
sponse to thrombin-induced platelet aggregation during pregnancy
and puerperium is, however, indisputable. What causes this stimula-
tion remains to be investigated.

This study was supported by grants from the Medical Research Council,
Academy of Finland.

Lewis PJ, Boylan P, Friedman LA, Hensby CN, Downing I. Prostacyclin
in pregnancy. Br MedJ' 1980;280;1581-2.

2 Hamberg M, Svensson J, Samuelsson B. Thromboxanes. A new group of
biologically active compounds derived from prostaglandin endoper-
oxides. Proc NatlAcad Sci 1975;72;2994-8.

3Caillouette JC. Prevention and early diagnosis of thromboembolic disease
in obstetrics and gynecology. Clin Obstet Gynecol 1968;11;233-56.

4Belier FK. Thromboembolic disease in pregnancy. CGin Obstet Gynecol
1968;11 :290-311.

5Mitchell MD, Bibby JG, Hicks BR, Redman CWG, Anderson ABM,
Turnbull AC. Thromboxane B2 and human parturition: concentrations
in the plasma and production in vitro. J Endocrinol 1978;78:435-41.

(Accepted 9 October 1980)

Departments of Obstetrics and Gynaecology and Clinical Chemistry,
University of Oulu, Oulu, Finland

O YLIKORKALA, MD, senior researcher
L VIINIKKA, MD, research scientist

Acute folate deficiency during
peritoneal dialysis
Acute megaloblastic arrest of haemopoeisis in patients receiving
parenteral nutrition after extensive surgery or trauma is well recog-
nised.1 Rapidly developing life-threatening pancytopenia in pregnancy
complicated by severe bacterial infection has also been described.2
Both have been attributed to acute folate deficiency. Less well re-
cognised is the occurrence of acute folate deficiency in other conditions
needing critical care.3 We report a case of severe rapid-onset pancyto-
penia resulting from acute folate depletion during the course of
peritoneal dialysis.

Case report

A 64-year-old man was referred with acute tubular necrosis that developed
after intravenous antihypertensive treatment. The results of initial haema-
tological investigations (figure) were: haemoglobin concentration 13-7 g/dl,
mean corpuscular volume -84 fl, white cell count 10-2 x 109/l1 (10 200/mm3)
with a normal differential count. The reticulocyte count was <1 %. His
platelet count was 280 x 109/1 (280 000/mm3), prothrombin time 12 s (control
12 s), partial thromboplastin time 40 s, (control 38 s), fibrin degredation
products. <10 mg/l. His urine to serum osmolarity ratio was <1-0, and
urinary sodium concentration was 40 mmol (mEq)/l. Sediment microscopy
showed red and white cells but no casts. Blood and urine cultures were
sterile. Renal tomography showed large swollen kidneys.
He required three courses of peritoneal dialysis, each consisting of 40

exchanges, during the oliguric phase of 16 days. During peritoneal dialysis he
suddenly had generalised bleeding and blood staining of the dialysate.
Repeat investigations showed that his white cell count had fallen to 1-2 x 109/1
(1200/mm3) and the platelets to 12 x 109/1 (12 000/mm3). The haemoglobin
was 8-4 g/dl mean corpuscular volume 87 fl, mean corpuscular haemoglobin
concentration 32-4 g/dl, and mean corpuscular haemoglobin 28-0 pg. The
reticulocyte count was < 1 %. Occasional macrocytes and hypersegmentation
ofpolymorphs were noted on the peripheral blood film. Bone marrow aspirate
showed severe megaloblastic change particularly affecting the white cell
series. Megakaryocytes were present and the myeloid-erythroid ratio was 11 :1.
Folate concentrations measured at the time of the pancytopenia later showed
a much diminished serum folate concentration of 0 5 ,tg/l (normal 2-7-20
fg/l) and a normal red cell folate concentration of 224 jug/l (normal 150-
1000 jAg/l). His vitamin B1j concentration was 230 ng/l (normal 150-1000
ng/l).

Intravenous folate 10 mg/day was given and his platelet and white cell
counts returned to normal levels within four to five days. Associated with this
was a mild reticulocyte response of 3 %. He was given a further two-week

course of folate 5 mg/day by mouth. He made a satisfactory recovery and
when discharged his full blood count and peripheral film were normal and
his renal function mildly impaired. His renal function has since improved
further and there has been no recurrence of any haematological abnormalities.
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Comment

Apart from ethanol, which may interfere with the intermediary
metabolism of folate, other factors may contribute to the development
of acute folate deficiency in severely ill patients.' In normal subjects
taking a diet deficient in folate it may be 18 to 20 weeks before
megaloblastic changes appear within the bone marrow although
serum folate concentrations may become subnormal within two to
three weeks. Therefore anorexia probably had only a minor role in our
patient. Systemic infection appreciably interferes with jejunal
absorption of folate and may also adversely affect folate metabolism.4
Our patient showed no evidence of local or systemic infection at any
time. Folate is loosely bound to protein in serum and is thus lost from
the body during haemodialysis5'-about 50 ,g in each exchange.
Similarly, serum folate is lost during peritoneal dialysis, although how
much is lost is uncertain. In the absence of any of the recognised
precipitating factors we are tempted to speculate that the recurrent
peritoneal dialysis, by rapidly removing folate, played a predominant
part in causing our patient's pancytopenia.
The diagnosis depends on being aware of the condition and of the

implication of a rapidly developing pancytopenia in a severely ill
patient. It is confirmed by examination of a bone marrow aspirate.
Because of the delay in recovery of white cell and platelet counts, even
after early diagnosis and treatment, we suggest that prophylactic
folic acid supplements should be given to patients having repeated
peritoneal dialysis. At a minimum white cell and platelet counts should
be closely monitored.
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