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Case Report
Cyclic Bicytopenia in a Patient with Shapiro Syndrome
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Shapiro syndrome and periodic hypothermia have been reported approximately fifty times in the literature. Shapiro syndrome is
defined as the constellation of periodic hypothermia and hyperhidrosis along with agenesis of the corpus callosum by Shapiro et al.
in 1969. Periodic hypothermia is a more broad diagnosis with a number of proposed mechanisms; it occurs in patients without
structural brain abnormalities. Hematologic abnormalities beyond iron-deficiency anemia have not been documented in any of
the reported cases of Shapiro syndrome or periodic hypothermia. Though accidental and therapeutic hypothermia have been
associated with thrombocytopenia, this is, to our knowledge, the first reported case of periodic intrinsic hypothermia causing
bicytopenia. In this report, we present the case of a patient with Shapiro syndrome who experienced cyclic bicytopenia mirroring
hypothermic episodes.We address the differential diagnosis of bicytopenia, review themechanisms proposed for cytopenias related
to hypothermia, and propose possible mechanisms for the finding in this case.

1. Background

Two different manifestations of intrinsic hypothermia, peri-
odic hypothermia in patients without structural brain abnor-
malities and terminal hypothermia associated with structural
abnormalities, such as tumors or vascular accidents, have
been described since the early 1900s [1]. Dr. Shapiro et al.
first described a third phenomenon, the association between
episodic hypothermia and hyperhidrosis associated with cor-
pus callosumagenesis, in 1969 [2]. In a reviewof the literature,
over 50 cases of Shapiro syndrome and periodic hypothermia
have been described [2–23]. No significant abnormalities in
the complete blood count related to episodes of hypothermia
have been noted in any of the reported cases.

Though cytopenias have not been noted in patients with
intrinsic hypothermia, the relationship between low temper-
ature and thrombocytopenia has been described for over 70
years [24]. Human and animal studies have suggested that
body temperatures below 25∘C lead to decreased platelet
values. Based on studies in dogs with radiolabeled platelets,
hypothermia leads to sequestration of platelets in the liver

and spleen [25]. As rewarming occurs, 80% of these platelets
return to circulation. This phenomenon has been noted in
patients with therapeutic hypothermia as well as patients
who develop accidental hypothermia. Further, reported cases
have suggested that thrombocytopenia in the setting of both
therapeutic and accidental hypothermia may resolve with
rewarming [26].

A variety of other hematology abnormalities have also
been described in patients with extrinsic hypothermia,
including bone marrow suppression and failure, polycythe-
mia, erythroid hypoplasia, and sideroblastic anemia [27].
Case reports have suggested that patients can become pan-
cytopenic secondary to bone marrow failure caused by
hypothermia [27]. Disseminated intravascular coagulation
caused by hypothermia has also been reported, possibly due
to circulatory collapse or release of tissue thromboplastin
from ischemic tissue secondary to hypothermia [28, 29].
Though many hematologic abnormalities have been associ-
ated with accidental and therapeutic hypothermia, this is, to
our knowledge, the first reported case of periodic intrinsic
hypothermia causing bicytopenia.
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2. Case Presentation

Here we describe a case of cyclic bicytopenia in a twenty-
four-year-old female with a lifelong history of epilepsy and
cognitive impairment. Due to a presumed intrauterine tox-
oplasmosis infection, she was found to have colpocephaly
with absence of posterior hemispheric structures and bilateral
parieto-occipital porencephaly as well as malformation of
the right frontal lobe. She was also found to have partial
agenesis of the corpus callosum including an absent sple-
nium. Her childhood was marked by developmental delays,
and she began having seizures at age 5. She was diagnosed
with Lennox-Gastaut syndrome as she experienced multiple
seizure types including atonic and generalized tonic-clonic.

Approximately two years before presenting to Mayo
Clinic, she began having episodes where she would become
increasingly lethargic and experience a change in demeanor.
During these episodes, she was noted to be hypothermic
with nadir temperatures as low as 30.5∘C. These episodes
were marked with systemic hypotension, marked lethargy,
and compromised functional status during which the patient
would refuse to eat, drink, or take her seizure medications,
leading to hospitalization for breakthrough seizures charac-
terized by amarked postictal state. Shewas consistently noted
to be hyponatremic during these multiple admissions. These
spells generally occurred monthly and would resolve slowly
over one to two weeks.

Over the course of two years, shewas also found onmulti-
ple occasions to be thrombocytopenic, anemic, and, at times,
leukopenic. These hematological changes were felt to be
secondary to valproic acid, which along with lamotrigine
was her antiepileptic regimen for the last fifteen years. This
agent was discontinued in January 2012, and shewas switched
over to levetiracetam. However, her blood counts continued
to decline with this agent as well. After discontinuation of
levetiracetam, her seizures were controlled with zonisamide,
clobazam, and rufinamide. She also had a vagal nerve stim-
ulator placed. During another hospitalization after these
medication changes, her counts were again depressed. A
presumed diagnosis of aplastic anemia was made, secondary
to her antiepileptic medications. However, no bone marrow
biopsy was performed.

During another recent episode inwhich she again became
lethargic and poorly responsive, she was admitted to her local
hospital and transferred to our institution. She was found
to be thrombocytopenic with a platelet count of 57 × 109/L
(normal range 150–450 × 109/L), anemic with a hemoglobin
of 8.4 g/dL (12.0–15.5 g/dL) marked with reticulocytopenia at
12.7 × 10

9/L (38.1–112.6 × 109/L). Though she had a history
of leukopenia, her white blood cell count was within normal
limits upon admission at 6.7 × 109/L (3.5–10.5 × 109/L). The
differential diagnosis of her bicytopenia included decreased
marrow function, including drug effect from antiepileptic
agents causing aplastic anemia and primary hematologic
malignancy, destruction or consumption, including dis-
seminated intravascular coagulation (DIC), heparin-induced
thrombocytopenia, and autoimmune-induced cytopenias,
or a sequestration effect. More common causes of anemia
including nutritional deficiencies and infectious causes were

also considered. A complete infectious workup, including
HIV, parvovirus B19 PCR, and blood and urine cultures,
was negative. Iron, vitamin B12, and folate levels were within
normal limits. D-dimer, fibrinogen, and coagulation studies
did not suggest DIC. The heparin-induced thrombocytope-
nia PF4 antibody was negative. No rheumatoid factor was
found. Additionally, her peripheral smear was normal. More
obscure causes of the presentation were ruled out as arsenic,
cadmium,mercury, and lead levelswerewithin normal limits.
Bone marrow biopsy showed a slightly hypocellular marrow
with a mild granulocytic hypoplasia and megakaryocytic
hyperplasia. Trilineage maturation was within normal limits.

Continuous EEG monitoring showed generalized, bifro-
ntal, and left posterior temporal epileptiform discharges,
though she did not experience any seizures while being
monitored. Her vagal nerve stimulator was interrogated and
found to be functioning. No changes were made to her
antiepileptic regimen as it was felt that seizure activity was
not responsible for her presentation.

At the resolution of her hypothermic episode, she experi-
enced brisk recovery of both platelet count and hemoglobin
level. Upon review of records from prior hospitalizations, it
was found that this pattern had been established previously
(Figure 1). Upon discharge, her counts were near normal.

3. Discussion

In a review of all published cases of Shapiro syndrome and
cyclic hypothermia, only one case reported any hematologic
abnormality [2–23]. This case was one of the two original
patients described by Dr. Shapiro et al. and was found to
have anemia due to iron deficiency [2]. No other hematologic
abnormalities have been reported. In all of these cases, the
patient met the formal definition of hypothermia with a core
body temperature below 35∘C. However, patients differed in
the patterns and depth of hypothermia. Diversity in presenta-
tion of intrinsic hypothermia has beenwell documented.This
is the first reported case of a patient with Shapiro syndrome
to experience bicytopenia during episodes of hypothermia.

Though cytopenias have not been reported in patients
with intrinsic hypothermia, the relationship between ther-
apeutic hypothermia and thrombocytopenia is well estab-
lished in neonatal postasphyxial encephalopathy and severe
traumatic brain injury in adults [30]. Case reports have also
suggested that thrombocytopenia occurs in accidental, non-
therapeutic hypothermia [30]. Animal models have shown
that splenic and hepatic sequestration is responsible for this
finding [24]. Case reports have suggested that hypothermia
can also cause bone marrow failure leading to pancytopenia
[27].

In this case, a thorough workup for possible causes of
bicytopenia was completed. However, the workup revealed
no alternate explanation for the CBC abnormalities. Further,
the episodes of bicytopenia are temporally associated with
cyclic hypothermia associated with Shapiro syndrome. Two
major mechanisms may be responsible for this finding. The
first is that the hypothermic episodes are causing transient
bone marrow suppression. The second is that splenic or hep-
atic sequestration is responsible for dropping counts. Both
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Figure 1: Variation of platelet count, hemoglobin, and body temperature as a function of time in a patient with Shapiro syndrome causing
cyclic hypothermia demonstrating episodic bicytopenia with hypothermic episodes.

mechanisms have been found to play a role in hematologic
abnormalities note in patients with accidental or therapeutic
hypothermia [25, 27, 28]. However, this is the first case
where thesemechanismsmay be contributing to hematologic
abnormalities in a patient with intrinsic hypothermia.

4. Learning Points

(i) Intrinsic, episodic hypothermia associated with cor-
pus callosumagenesis is defined as Shapiro syndrome.
It is believed that widespread defects associated with
corpus callosum agenesis affect thermoregulatory
centers in the hypothalamus, leading to periods in
which the patient adapts to a lower set point.

(ii) Extrinsic hypothermia has been associated with
thrombocytopenia. Animal models have shown that
splenic and hepatic sequestration is responsible for
this finding. Bone marrow suppression has also been
suggested to play a role in pancytopenia that develops
in patients with extrinsic hypothermia.

(iii) This case suggests that intrinsic hypothermia can also
cause bicytopenia.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] W. R. Gowers, The Border-Land of Epilepsy, P. Blakiston’s Son,
Philadelphia, Pa, USA, 1907.

[2] W. R. Shapiro, G. H. Williams, and F. Plum, “Spontaneous
recurrent hypothermia accompanying agenesis of the corpus
callosum,” Brain, vol. 92, no. 2, pp. 423–436, 1969.

[3] R. T. Kloos, “Spontaneous periodic hypothermia,”Medicine, vol.
74, no. 5, pp. 268–280, 1995.

[4] H. A. Arroyo, A. M. Di Blasi, and G. J. Grinszpan, “A syndrome
of hyperhidrosis, hypothermia, and bradycardia possibly due to
central monoaminergic dysfunction,” Neurology, vol. 40, no. 3,
pp. 556–557, 1990.

[5] J. L. De Plaen, D. Sepulchre, and M. Bidingija, “Paroxysmal
hypertension and spontaneous periodic hypothermia,” Acta
Clinica Belgica, vol. 47, no. 6, pp. 401–407, 1992.

[6] R. S. Duff, P. C. Farrant, V. M. Leveaux, and S. M. Wray, “Spon-
taneous periodic hypothermia,”The Quarterly Journal of Medi-
cine, vol. 30, pp. 329–338, 1961.

[7] R. H. Fox, D. C. Wilkins, and J. A. Bell, “Spontaneous periodic
hypothermia: diencephalic epilepsy,” British Medical Journal,
vol. 2, pp. 693–695, 1973.



4 Case Reports in Hematology

[8] E. A. Hines and E. G. Bannick, “Intermittent hypothermia with
disabling hyperhidrosis: report of a case with successful treat-
ment,”Mayo Clinic Proceedings, vol. 9, pp. 705–708, 1934.

[9] M. Hoffman and F. W. Pobirs, “Intermittent hypothermia with
disabling hyperhidrosis,” JAMA, vol. 120, no. 6, pp. 445–447,
1942.

[10] B. O. Maehle, “A case of periodic hypothermia,” Tidsskrift for
den Norske Laegeforening, vol. 93, no. 30, p. 2229, 1973.

[11] R. D. Sheth, T. F. Barron, and P. L. Hartlage, “Episodic sponta-
neous hypothermia with hyperhidrosis: implications for patho-
genesis,” Pediatric Neurology, vol. 10, no. 1, pp. 58–60, 1994.

[12] I. N. Slotki andM. H. Oelbaum, “Recurrent spontaneous hypo-
thermia,”PostgraduateMedical Journal, vol. 56, no. 659, pp. 656–
657, 1980.

[13] D. J. Thomas and I. D. Green, “Periodic hypothermia,” British
Medical Journal, vol. 2, pp. 696–697, 1973.

[14] A. Pazderska, M. O’Connell, N. Pender, C. Gavin, B. Murray,
and S. O’Dowd, “Insights into thermoregulation: a clinico-
radiological description of Shapiro syndrome,” Journal of the
Neurological Sciences, vol. 329, no. 1-2, pp. 66–68, 2013.

[15] D. L. Kenney, M. Toledano, and B. D. Moseley, “Hypothermia
and corpus callosum agenesis in Shapiro syndrome: too cold,
even for a Viking,” Neurology, vol. 79, no. 9, article e78, 2012.

[16] V. Belcastro, P. Striano, L. Pierguidi, M. Arnaboldi, and N.
Tambasco, “Recurrent hypothermia with hyperhidrosis in two
siblings: familial Shapiro syndrome variant,” Journal of Neurol-
ogy, vol. 259, no. 4, pp. 756–758, 2012.

[17] B. Darku, P. Kalra, C. Prasad, and R. Yadav, “Episodic hyper-
hydrosis with corpus callosum agenesis: a rare case of Shapiro
syndrome,” Neurology India, vol. 59, no. 1, pp. 130–131, 2011.

[18] O. Duman, E. Durmaz, S. Akcurin,M. Serteser, and S. Haspolat,
“Spontaneous endogenous hypermelatoninemia: a new dis-
ease?” Hormone Research in Paediatrics, vol. 74, no. 6, pp. 444–
448, 2010.

[19] N. O. Dundar, A. Boz, O. Duman, F. Aydin, and S. Haspolat,
“Spontaneous periodic hypothermia and hyperhidrosis,” Pedi-
atric Neurology, vol. 39, no. 6, pp. 438–440, 2008.

[20] R. Arkader and C. A. Takeuchi, “Shapiro syndrome with hypo-
thalamic hypothyroidism,” Arquivos de Neuro-Psiquiatria, vol.
66, no. 2, pp. 418–419, 2008.

[21] C. Shenoy, “Shapiro syndrome,”The Quarterly Journal of Medi-
cine, vol. 101, no. 1, pp. 61–62, 2008.

[22] N. Tambasco, F. Corea, and V. Bocola, “Subtotal corpus cal-
losum agenesis with recurrent hyperhidrosis-hypothermia
(Shapiro syndrome),” Neurology, vol. 65, no. 1, article 124, 2005.

[23] A. J. Owen and S. B. Backman, “Perioperative temperature
changes in a patient with Shapiro syndrome,” Anesthesiology,
vol. 95, no. 1, pp. 268–270, 2001.

[24] L. M. Tocantins, “The mammalian blood platelet in health and
disease,”Medicine, vol. 17, no. 2, article 155, 1938.

[25] T. J. Villalobos, E. Adelson, P. A. Riley Jr., and W. H. Crosby,
“A cause of the thrombocytopenia and leukopenia that occur
in dogs during deep hypothermia,” Journal of Clinical Investiga-
tion, vol. 37, no. 1, pp. 1–7, 1958.

[26] M. A. Vella, D. J. Betteridge, N. I. Jowett, and C. Jenner,
“Hypothermia-induced thrombocytopenia,” Journal of the Roy-
al Society of Medicine, vol. 81, no. 4, pp. 228–229, 1988.

[27] L. Rosenkranz, “Bone marrow failure and pancytopenia in two
patients with hypothermia,” Southern Medical Journal, vol. 78,
no. 3, pp. 358–359, 1985.

[28] M. L. Mallet, “Pathophysiology of accidental hypothermia,”The
Quarterly Journal of Medicine, vol. 95, no. 12, pp. 775–785, 2002.

[29] K. M. Chan and K. Beard, “A patient with recurrent hypother-
mia associated with thrombocytopenia,” Postgraduate Medical
Journal, vol. 69, no. 809, pp. 227–229, 1993.

[30] A. Rashidi, “Hypothermia-induced thrombocytopenia in an
elderly woman,” Platelets, vol. 23, no. 3, pp. 246–247, 2012.


