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Prevalence of Beriberi high output heart failure in a tertiary
care setting.

Abstract:

Background

Material and methods

Results

Conclusion

Cardiac beriberi due to deficiency of vitamin B1(thiamine),a cofactor in
carbohydrate metabolism as a cause of high output heart failure is rare
because of improvement in general dietary habits .However because of
consumption of high carbohydrate junk foods and consumption of excess
of beer deficient in thiamine in developed countries and polished rice
without food fortification in developing countries beriberi is making its
reappearance.

Heart failure patients diagnosed using standard Framingham criteria over
a three year period were screened for high output features using clinical
characteristics ,laboratory evidence of narrow arteriovenous oxygen
difference and echocardiographically determined cardiac output .
Beriberi was diagnosed using seven diagnostic criteria proposed by
Blankenhorn. Diagnosis of Beriberi was confirmed by serum RBC
Transketolase enzyme activity in the baseline and after stimulation by
Thiamine Pyrophosphate(TPP)using semiautomatic method with a TPP
effect>20% taken as evidence of definite thiamine deficiency .Patients
were given thiamine and response noted in BP, cardiac size and heart
failure signs and echocardiographic cardiac output re assed at one week
and one month.

Of 650 heart failure patients 34(5.2%) had clinical and hemodynamic
evidence of high output failure of whom 27 patients (4.15%) had beriberi
as the cause of high output failure. Predominant presentation was
biventricular failure(77.8%) with only mild increase in cardiothoracic
ratio 0.54±4.6 ,mildly increased left ventricular dimensions ,normal
ejection fraction and high cardiac output9.926±3.409L/m(pretreatment)
which fell to 4.359±1.045 with treatment(p<0.001) with a significant fall
inTPPeffect from37.38±21.07 to5.314±3.350(p<0.001)after treatment

Beriberi constitutes a significant fraction of High output heart failure
patients in our population which is completely reversible with thiamine
replacement .
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Introduction:
High output heart failure is a relatively rare form of disease, many of the
times reversible with anemia and thyrotoxicosis the common causes.
Beriberi due to deficiency of vitamin B1 (Thiamine) as a cause of high
output failure was once highly prevalent. In Japan 26797 patients died of
Shoshin beriberi (sudden cardiovascular collapse) in the year 1923 .Since
then there have been reports of sporadic cases or of small epidemics, with
the improvement in the general feeding habits and the disease was hardly
suspected.
Thiamine is needed for carbohydrate metabolism .Thiamine diphosphate
is required for a variety of reactions , the oxidative decarboxylation of
alpha-keto acids (pyruvate and alpha-ketogluterate) and keto analogues of
leucine, isoleucine and valine and the transketolase reaction in pentose
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phosphate pathway . Thiamine occurs in all natural
foods but in small quantities. Important sources are
whole grain Cereals, Wheat, Gram, Yeast, Pulses,
Oilseeds, Nuts especially Ground nuts. Meat, Fish,
Eggs, vegetables and Fruits contain small amounts.
Alcohol is low in vitamin B1 but has high
carbohydrate content. In the west alcoholics become
thiamine deficient not only because of low intake of
vitamin but also because they eat “junk” foods or
drink large quantities of Beer, with their high
carbohydrate content and therefore great demands
for thiamine. A reappearance of beriberi heart
disease was reported in teenagers in Japan in the
year 1980 attributed to ingestion of excess amounts
of sweet carbonated drinks ,instant noodles and
polished rice precipitated by loss of thiamine with
sweat in summer months . It occurs predominantly
in those individuals whose staple diet consists of
carbohydrate rich polished rice where thiamine is
lost in polishing.
Physical findings classically would be those of high
output state and severe generalized malnutrition and
vitamin deficiency, Evidence of peripheral
neuropathy with sensory and motor deficits and the
presence of nutritional cirrhosis characterized by
parasthesias of extremities, decreased or absent knee
and ankle jerks, painful glossitis and anemia of
combined iron and folate deficiency and
hyperkeratinised skin lesions. However the cases in
Japanese teenagers were not characterized by other
signs of vitamin or nutritional deficiency.
Beriberi heart disease is characterized by evidence
of biventricular failure sinus rhythm and marked
edema. There is arteriolar vasodilatation and
cutaneous vessels may be dilated leading to warm
peripheries or in late cases with congestive heart
failure they may be constricted leading to cold
extremities. Examination shows wide pulse pressure
third heart sound and apical pansystolic murmur.
The electrocardiogram exhibits low voltage of QRS
complexes, prolongation of The QT interval and low
voltage or inversion of T waves. The chest
Roentgenogram usually shows biventricular
enlargement, pulmonary congestion and pleural
effusions.
Laboratory diagnosis can be made by demonstration
of increased serum pyruvate and lactate levels in
presence of low transketolase levels . Thiamine
concentration may be determined in biological fluids

and the blood thiamine level furnishes an index of
thiamine availability, whereas transketolase activity

indicates the ability to convert thiamine into
metabolically active forms. The most reliable test of
thiamine deficiency is the augmentation of the whole
blood or erythrocyte transketolase activity (ETK)
with treatment. An increasing circulating ETK
activity with treatment or when thiamine
diphosphate is added to the patient’s blood in vitro,
the so called TPP (thiamine pyrophosphate) effect is
helpful in diagnosis. In the in vitro test, the normal
TPP effect is 0 to 14 % increase of ETK activity, a 15
to 24 % increase is a borderline response and a 25%
or more increase is evidence of clinical thiamine
deficiency Leukocyte transketolase activity may
prove to be more sensitive index of thiamine
deficiency than the erythrocyte activity.
At postmortem examination the heart usually shows
simple dilatation without other changes. On
microscopic examination, there is sometimes edema
and hydropic degeneration of muscle fibers.
Nonspecific but abnormal histological and electron
microscopic changes have been found in cardiac
biopsy specimens.
Heart failure may develop explosively in beriberi
and some patients succumb to the illness within 48
hours of symptom onset. So- called “Shoshin”
beriberi seen most frequently in the orient, is a
fulminating form of the disease characterized by
hypotension tachycardia and lactic acidosis, and if
left untreated patients die of pulmonary edema.
Patients with beriberi heart disease fail to respond
adequately to digitalis and diuretics alone. However
improvements after the administration of thiamine
may be dramatic. Marked dieresis , decrease in heart
size and clearing of pulmonary congestion may
occur within 12 to 48 hours . However the acute
reversal of vasodilatation induced by correction of
deficiency may cause the unprepared left ventricle to
go into low output failure. Therefore patients should
receive a glycoside and diuretic therapy along with
thiamine.
Thiamine deficiency has been reported in patients
receiving prolonged treatment with furosemide .
Thus patients with heart failure from other etiologies
could develop superimposed beriberi heart disease
unless adequate thiamine intake is maintained.
We studied a group of heart failure patients who had
been wandering from one specialty to other with a
clinical suspicion of Nephritis, Hypothyroidism,
Pericardial disease or Myocarditis with normal left
ventricular functions and non response to treatment
and documented them to have beriberi heart failure
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with complete recovery after thiamine
administration.

Heart failure patients admitted in our tertiary care
hospital from April 2002 to March 2005 were
enrolled in the study. Diagnosis of heart failure was
made using Framingham criteria with a minimum of
one major and two minor criteria . All heart failure
patients were subjected to thorough clinical
examination, baseline investigations, blood gases,
12 lead ECG, Chest X Ray and Echocardiography.
Among these patients, high output group was
selected us ing cl inical , laboratory and
echocardiographic criteria

Hot moist hands and peripheries
Brachial artery pulse pressure more than 40mm Hg
using standard sphygmomanometer cuff in the right
arm in sitting posture

Narrow arterial-mixed venous oxygen content
(normal: 35-40 ml/L)
Femoral arteriovenous oxygen difference was
analyzed by taking simultaneous femoral arterial and
femoral venous O saturations at the presentation and
following recovery . Other methods used for taking
A-V gradients include antecubital arteriovenous
gradient and standard one during cardiac
catheterization taking systemic arterial and mixed
venous gradient.

High cardiac output was calculated by
echocardiography using the formula
Stroke volume =D x 0.785 x VTI and multiplying it
by heart rate .
Where D is diameter of aortic annulus during systole
and VTI, velocity time integral
Heart failure patients were evaluated for severe
anemia, Thyrotoxicosis, Hypothyroidism, Beriberi,
Multiple myeloma andA-V malformations.
Heart failure secondary to known causes like
congenital heart disease, hypertension, coronary
heart disease, valvular heart disease, pericardial
diseases and chronic obstructive pulmonary disease
were excluded as were the cases with chronic renal
and liver diseases. A dietary history and alcohol
consumption was enquired.
Beriberi was diagnosed using seven diagnostic
criteria proposed by Blankenhorn i.e, .1) Enlarged
heart with normal sinus rhythm. 2) Edema and
elevated venous pressure. 3) Peripheral neuritis or

pellagra, 4) Nonspecific ST and T wave changes, 5)
No other evident cause, 6) History of dietary
deficiency and 7) Response to thiamine or autopsy
evidence.
Patients with signs or symptoms of neuropathy were
subjected to NCV and EMG.The diagnosis of
Beriberi was confirmed by estimating RBC
transketolase enzyme activity in the baseline state
and after stimulation by thiamine pyrophosphate
(TPP) by the semiautomatic method adapted by JN
Mount et al, .

Patients were given parenteral thiamine in a
dosage of 100 mg BID IV for two days followed by
oral thiamine 75 mg daily and the response noted in
the symptoms, signs of heart failure, pulse pressure,
blood pressure, cardiac size, urine output and
neuropathic symptoms. Patients were again
subjected to echocardiography in the hospital to look
for change in the cardiac output and LV function and
their femoral arteriovenous oxygen content repeated
to look for change in oxygen content gradient. Blood
samples were again analyzed for transketolase levels
and TPP affect so that patients served as their own
c on t r o l s . Pa t i e n t s we r e fo l l owe d a nd
echocardiography repeated at the end of one month
and counseled about diet.
Statistics was done using SPSS 10 windows
software. Standard statistical procedures were used
to analyze the data. They included descriptive
statistics. Means of constant variables were
compared by using student’s t test while for
continuous variables paired t test was used. Ap value
of <0.05 was taken statistically significant.

A total of 650 heart failure patients were admitted
over a period of 3 years from April 2002 to March
2005. Thirty four (5.2%) had clinical and
hemodynamic evidence of high output heart failure.
In 6 patients (0.92%) thyrotoxicosis was responsible
for high output heart failure while in one patient
(0.15%) severe anemia was the cause. Rest of 27
patients (4.15%) were diagnosed as having beriberi
heart disease. Beriberi heart disease was found
predominantly in young males (mean age
29.92+9.85) of low socioeconomic class with good
proportion having history of gastric surgery (7.4%)
and rarely alcoholism (3.7%)
Predominant symptoms were exertional shortness of
breath, palpitations and swelling of feet seen in all
patients. Calf tenderness was the significant
symptom in the majority (59.3%) and neuropathy

Material and Method

1: Clinical criteria included:

2: Laboratory criteria included:

3: Echocardiography

Results
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was seen in 63%. Patients presented predominantly
with biventricular heart failure (77.8%), right sided
heart failure (2%).Isolated left heart failure was not
seen. All patients initially had sinus tachycardia
(mean pulse rate 105.46+11.99) which fell
significantly with treatment (mean pulse rate of
67.50+7.84: p <0.001).
Systolic blood pressure had an insignificant fall
while the diastolic blood pressure increased
significantly (p<0.001).Also pulse pressure
narrowed significantly (P<0.001).Also there was a
significant weight loss in first 72 hours after
treatment with thiamine. There was a significant
reduction in cardiothoracic ratio (p<0.001) and right
descending PA size on chest X-ray after treatment
with thiamine. There was a very small gradient in
arteriovenous oxygen content because of peripheral
shunting which increased significantly (p<0.001)
after recovery of high output state by thiamine
treatment. Left ventricular dimensions, volumes and
ejection fraction on echocardiography were normal
during high output and hence did not show any
significant change with treatment. There was a
moderate pulmonary arterial hypertension with

RVSP 60+ 5.0 during heart failure which
improved significantly after thiamine administration
(p= 0.032). Cardiac output calculated on
echocardiography was very high (mean + SD 9.926+
3.409 l/mt) during heart failure and fell
significantly after treatment with thiamine (4.359+
1.045 I/mt) p <0.001. There was a significant
activation of RBC transketolase activity by thiamine
pyrophosphate (TPP) in the pretreatment state, TPPE
of 37.38 compared to insignificant post treatment
TPPE of 5.31 (p 0.002), confirming presence of
thiamine deficiency.

In this hospital based study we describe a large series
of patients(n=27) with overt beriberi heart disease
caused by thiamine (vitamin B1) deficiency in our
part of world constituting 4.15% of heart failure
admissions and 79% of high output heart failures.
Most of them had classic features of beriberi with
neurological involvement in addition to cardiac
involvement [17 out of 27(62%)].Two patients
presented with classic Shoshin syndrome with
hypotension and metabolic acidosis one of whom
died. This deficiency disease was believed to be

Discussion

Frequency %age

Total patients 27

Males 24 88.8

Females 3 11.2

Urban 14 51.9

Low socioeconomic class 20 74.1

Alcoholism 1 3.7

History of gastric surgery 2 7.4

Palpitations 27 100

Breathlessness 27 100

Swelling of body 27 100

Neuropathy 17 63

Calf tenderness 16 59.3

Incipient heart failure 1 3.7

Right ventricular failure 6 2

Biventricular failure 21 77.8

Left ventricular failure 0 0
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almost eradicated but the results are alarming and the
exact prevalence may be underestimated. This may
be because of consumption of mainly thiamine
deficient carbohydrate rich polished rice as the staple
diet without consuming other thiamine rich foods by
poor socioeconomic class of community. The
response of cardiac beriberi to thiamine was
dramatic with almost complete recovery within 24 to
48 hours whereas neurological manifestations took
time to recover as expected because it is known that
axonal degeneration of nerves which occurs in this
condition takes weeks or months to recover .The
disease was more common in males (92%)
presumably because of increase in thiamine
requirements due to strenuous physical exertion by
relatively thiamine deficient males . Disease was
equally prevalent in urban and rural community but
was seen significantly more in patients of low
socioeconomic class compared to middle and high
class (74.1% vs25.9%, p<0.001). Two out of 27
patients 7.4% had history of gastric surgery in past
which is a known cause of thiamine deficiency state.
Only one person had history of alcoholism.

Exertional breathlessness, palpitations and
swelling of feet was the predominant symptom in all
patients. One characteristic symptom was tender
swollen calves seen in 16 out of 27(59.3%) cases.
Alsameer and wankeback proposed that deficiency
of thiamine leads to disturbance in metabolism
which results in absorption of water by skeletal
muscle and myocardial tissue with secondary
depression of contractility and heart failure. Because
of this symptom some patients were erroneously
labeled as bilateral deep vein thrombosis or
polymyositis .Renal plasma flow is decreased to
almost one third of normal, causing oligurea .This
combined with swelling of body and systolic
hypertension led many of them to be misdiagnosed
as acute nephritis and put on diet restriction which
would setup a vicious cycle and perpetuate the
deficiency state. The main differentiating point was
normal urine sediment and normal kidney function
tests although few patients especially Shoshin
variant get prerenal azotemia. Despite florid heart
failure of long duration, atrial fibrillation was not
seen in any of our patients .Atrial fibrillation has
characteristically never been reported in beriberi
heart failure , the reason remains unknown. There
was no left atrial enlargement in our patient
group(mean left atrial size 3cm).This may be one
reason .Does thiamine deficiency confer some form

of resistance to the development of atrial fibrillation
remains to be seen.
The predominant presentation was biventricular
failure seen in (77.8%) of patients. Left ventricular
failure was not seen in isolation; however, isolated
right ventricular failure was seen in 22.2% of cases.
RB Blacket et al, reported that pulmonary arterial
pressure rises while peripheral vascular resistance
falls , hence right ventricular cardiac work rises as
high as six times normal in severe cases while
increase of left ventricular work was less. The ratio
of left to right ventricular work averaged 4.9 before
treatment and 8.7 on recovery. This relative increase
in right ventricular work is consistent with the
dominance of right heart failure which was
established pathologically and clinically by
wankeback .Wankeback suggested that diminished
peripheral arteriolar resistance played an important
role in the pathogenesis of this syndrome .Blacket
and Palmer showed that decrease in systemic
vascular resistance resulted from regional
abnormalities of perfusion coexisting with
vasodilatation in muscular arterioles and at the same
time constriction of renal and cutaneous vascular
beds. The exact mechanism of loss of arteriolar
vascular resistance is unknown but is felt to be
directly related to the biochemical lack of thiamine
Akbarian and coworkers reported that vasomotor
depression or paralysis may be responsible for
depressed vascular resistance. The most unsettled
aspect of beriberi heart disease is possibility of
myocardial lesion in addition to peripheral vascular
lesions. Latest studies have suggested that
there is a myocardial component in addition to
peripheral vascular component. Akbarian has
showed that correction of peripheral vascular
resistance seemed only to unmask the myocardial
disease by changing volume work into pressure work
.The response of myocardium to thiamine seems to
lag behind the response of peripheral vasculature.
This is felt to be one mechanism for the well
documented syndrome of low output failure after
treatment of high cardiac output with thiamine.
Possible mechanisms for impairment of myocardial
function include altered coronary perfusion,
impaired myocardial energy production and
coexistence of other diseases known to affect the
myocardium. Thiamine is required as a cofactor for
energy production via Krebs cycle at two steps,
oxidative decarboxylation of pyruvate to acetyl
coenzyme A and alpha keto gluterate to succinyl
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Co.A.Hence energy supply to myocardium in
Beriberi is largely through metabolism of fats rather
than carbohydrates. In case of severe anemia nitric
oxide released by vascular endothelium is
responsible for high output heart failure while in
multiple myeloma unknown vasodilator substances
released by neoplastic plasma cells is held
responsible and also the arteriovenous shunting in
plasmacytomas.
There was no gross cardiomegaly on clinical
examination and radiologically except in few
patients. The mean cardiothoracic ratio (CTR)
before treatment was 0.54+4.6. In only five patients
(18.5%) CTR was more than 0.6 and in 14 patients
(51%) CTR was 0.55 or more .In a few patients mild
pericardial effusion was responsible for
cardiomegaly on chest X-ray. In few patients CTR
transiently increased in the post treatment state
possibly because of bradycardia causing increased

diastolic filling and increasing peripheral resistance
precipitating low output heart failure. The striking
X-ray finding was significant pulmonary venous
hypertension seen in all patients and increased
pulmonary arterial size (Mean Rt. Descending PA
size pretreatment 16.17+ 2.51, Post treatment
12.96+1.4)
Patients had moderate pulmonary arterial
hypertension at presentation (mean RVSP 60+5.0)
which resolved after treatment (41.67+2.89). One of
the patients was following for three years as Primary
pulmonary hypertension until being diagnosed as
Beriberi and had a complete resolution of pulmonary
arterial hypertension. Pulmonary arterial
hypertension may be explained on the basis of
increased pulmonary flow superimposed on
pulmonary vasoconstriction .Okura H, Takatsu Y
described two patients of high output heart failure
associated with pulmonary arterial hypertension one

29

30

31

Pretreatment Mean+SD Post treatment Mean +SD t (paired t test) p

Pulse(bpm) 105.46+11.99 67.50+7.48 13.09 <0.001

Systolic Blood Pressure(mm Hg) 135.20+19.17 126.40+11.50 1.680 1.06

Diastolic Blood Pressure(mm Hg) 66.0+16.07 88.40+10.68 -5.126 <0.001

Pulse Pressure(mm Hg) 69.20+16.31 38.00+7.07 8.618 <0.001

Weight(Kg) *** 55.96+8.0 51.81+8.05 22.90 <0.001

Cardiothoracic ratio 0.54+4.6 0.46+2.6 8.54 <0.001

Right Descending Pulmonary arterial size(mm) 16.17+2.51 12.96+1.4 8.53 <0.001

Arterial oxygen content 153+20.36 150.44+19.77 2.781 0.010

Venous oxygen content 139+22.36 86.48+14.34 14.151 <0.001

AV difference 14.30+9.71 63.96+16.19 -13.123 <0.001

LVIDD 5.04+0.37 4.952+0.525 0.956 0.348

LVIDS 2.93+0.362 3.070+0.438 -1.705 0.100

LVEF 70.11+6.77 66.78+5.71 2.383 0.025

EDV 118.240+20.165 123.160+20.165 -1.763 0.091

ESV 41.08+14.55 44.84+13.14 -1.023 0.316

SV 87.50+16.10 77.50+16.10 2.705 0.013

RVSP 60+50 41.67+2.89 5.50 0.032

Cardiac output L/mt 9.926+3.409 4.359+1.045 9.575 <0.001

TPPE 37.38+21.07 5.314+3.353 5.518 <0.001

LVIDD- Left ventricular internal dimension in systole, LVIDS- Left ventricular internal dimension in diastole,
LVEF- Left ventricular ejection fraction, EDV- End diastolic volume, ESV-End Systolic volume, SV-
Stroke volume, RVSP-Right ventricular systolic pressure, TPPE-Thiamine pyrophosphate effect.
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