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Abstract Recent reports attribute neurological and
cerebral disorders to the accumulation of manganese
(Mn) in the brain in patients receiving home parenteral
nutrition (HPN). It is desirable to control the amount of
Mn delivered to these patients, but a suitable method for
monitoring an individual’s Mn status and assessing Mn
accumulation remains debatable. The aim of this study
was to evaluate whether whole-blood manganese levels
(WB-Mn) correlate with the accumulation of Mn in the
brains of children who receive long-term HPN, using
magnetic resonance imaging (MRI) of the brain. Six
patients who had received HPN (duration of HPN,
18–137 months) were included in this study. The daily
parenteral doses of Mn were calculated while on HPN.
WB-Mn was measured and T1-weighted MRI of the
brain was obtained for each patient with a 1.5-T MR
imager. Twelve months after the withdrawal of Mn from
HPN, measurements of WB-Mn and brain MRI were
repeated in all patients except for one who was lost after
initial examination. The same examinations were per-
formed on an additional patient who had been success-
fully weaned off a 179 month course of HPN 20 months
prior to the initial examination. The parenteral dose of

Mn while receiving HPN ranged from 15.7 to 91.5 lg/
kg/day. Initially, MRI showed hyperintensity in the
globus pallidus in all patients and in the anterior
pituitary in one patient. WB-Mn was elevated in four
patients, but was in the normal range in the remaining
three. Following subsequent measurements 12 months
later, WB-Mn was normal in all patients and MRI
hyperintensity remained in the globus pallidus in one
patient. One patient was lost after the initial examina-
tions. WB-Mn does not necessarily correlate with the
accumulation of Mn in the brain. Periodic MRI should
be performed in patients receiving long-term NPN to
monitor for excessive Mn accumulation in the brain.

Keywords Manganese Æ Home parenteral
nutrition Æ Magnetic resonance imaging

Introduction

Manganese (Mn) is an essential trace element and is
routinely added as a supplement to parenteral prepara-
tions to meet nutritional requirements. Recently, some
reports describe an occasional association between long-
term parenteral nutrition increased whole-blood Mn
levels (WB-Mn; references 0.8–2.5 lg/dl), and excessive
Mn accumulation in the basal ganglia of the brain,
which can be detected by cerebral T1-weighted magnetic
resonance imaging (MRI). Some patients receiving long-
term home parenteral nutrition (HPN) developed neu-
rological abnormalities attributed to excessive Mn
accumulation in the brain [5, 6, 7, 10, 14, 15, 16, 17, 19,
22]. In clinical settings WB-Mn is measured; however,
routine cerebral MRI studies are not really feasible.
Although the WB-Mn is a popular indicator of Mn
status in adult patients [21], it’s accuracy is questionable,
and a robust correlation between WB-Mn and brain
MRI findings in children receiving long-term HPN is yet
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to be shown [3]. The purpose of this study was to eval-
uate whether WB-Mn measurements in children receiv-
ing long-term HPN are a clinically useful indicator of
Mn accumulation in the brain.

Patients and methods

Between May 1979 and December 2000, three male and four fe-
male patients from our hospital received HPN. The ages of the
patients ranged from 41 to 249 months (average 125 months), with
HPN duration of 18–179 months (mean 93 months). The indica-
tion for HPN was intestinal failure due to massive bowel resection
in five patients, functional, intestinal failure due to ileocecal vol-
vulus in one, and Crohn’s disease in one (Table 1). One of the
seven patients had been successfully weaned off HPN 20 months
prior to this study after 179 months of HPN (case 1). Five of the
seven patients, including the one who had been weaned off HPN,
were able to receive partial to full enteral nutrition and received
intermittent HPN only at night. The other two patients could not
take any enteral nutrition and were dependent on whole day HPN.
All of them received standard doses of glucose, amino acids and
lipids. Commercially available trace element products (Elemenmic;
Ajinomoto pharma, Tokyo, Japan) were added from 1992; one
ampule of 2 ml contains 1099 lg of Mn, 3932 lg of zinc, 317 lg of
copper, 1269 lg of iodine and 1995 lg of iron. These elements
were added to HPN according to the patient’s weight: 0.5 ml per
day if the weight was less than 10 kg, 1.0 ml per day if the weight
was more than 10 kg and less than 20 kg, 1.5 ml per day if the
weight was more than 20 kg and less than 30 kg, and 2.0 ml per
day if the weight was more than 30 kg. The daily parenteral doses
of Mn for age were calculated while on HPN. Neurological eval-
uation, cerebral T1-weighted MRI and measurements of WB-Mn
were performed initially in the six patients still receiving HPN
(first study). Whole-blood Mn assays were performed by SRL
(Special Reference Laboratories, Niigata, Japan) using graphite
furnace atomic absorption spectroscopy. T1-weighted MRI was
obtained in axial planes in all patients with a 1.5-T MR imager:

slice thickness was 6 mm with an interslice gap of 1 mm, TR 490
ms, TE 9 ms, number of excitations (NEX) 2.0. Sagittal
T1-weighted images with 3 mm thickness (TR 360 ms, TE 9 ms,
NEX 2.0) were also acquired in six patients. After the initial
examination, Mn was withdrawn from the HPN formulation.
Twelve months later, brain MRI and the measurements of WB-
Mn were repeated in five patients (second study). One patient was
lost because of unrelated disease (Case 3) after the initial exami-
nation. The same examinations were performed at 20 months and
32 months after cessation of HPN (duration 179 months) in one
patient (Case 1). Cholestasis was defined as a total plasma bili-
rubin (references 0.3–1.1 mg/dl) greater than 1.2 mg/dl at any time
while on HPN. This study was reviewed by the appropriate ethics
committee and was performed in accordance with the ethical
standards laid down in the appropriate version of the 1964 Dec-
laration of Helsinki. All persons gave their informed consent prior
to their inclusion in this study.

Results

The results are summarized in Table 2. Calculated
parenteral doses of Mn during HPN treatment ranged
from 15.7 to 91.5 lg/kg/day. The initial MRI study
showed symmetrical hyperintensity in the globus palli-
dus in all patients and in the anterior pituitary in one.
(Figs. 1A and 2A,B). WB-Mn was elevated in four
patients (3.1–5.1 lg/dl), while still within the normal
range in the other three (1.8–2.4 lg/dl). The latter
group contained one patient who had been successfully
weaned off HPN (case 1) and two patients who were
totally dependent on whole day HPN (cases 2 and 3).
The 12 month repeat examinations showed that
hyperintensity of the globus pallidus had disappeared
in five patients, and remained in one case (case 1,

Table 1 Summary of patients
and HPN characteristics

Case 1 had had been success-
fully weaned off HPN 20
months prior to this study, after
179 months of home parenteral
nutrition
IF intestinal failure
MBR massive bowel resection
TB total bilirubin

Case Age
(Months)

Sex Primary disease Duration
of HPN

TB
(mg/dl)

Extent of enteral
feeding

(Months)

1 249 M IF due to MBR 179 0.6 Full
2 143 M IF due to MBR 137 0.4 None
3 141 M IF due to MBR 100 1.0 None
4 143 M IF due to MBR 124 0.3 Moderate
5 107 F Crohndisease 79 0.7 Moderate
6 51 F IF due to MBR 18 0.7 Moderate
7 41 F IF due to ileocecal

partial volvulus
18 0.2 Moderate

Table 2 Parenteral Mn dose
while on HPN and changes in
whole-blood Mn levels and
MRI abnormalities

AP Anterior pituitary lobe
GP Globus pallidus

Case Parenteral Mn dose
(lg/kg/day)

Whole-blood Mn level
(0.8–2.5 lg/dl)

Site of MRI abnormality

First study Second study First study Second study

1 20.6–36.3 1.8 1.7 AP, GP GP
2 15.7–91.5 1.9 1.7 GP Disappeared
3 26.9–59 2.4 Not available GP Disappeared
4 22.7–55.3 3.1 0.9 GP Disappeared
5 20.0–67.1 4.1 1.2 GP Disappeared
6 29.5–41.1 3.8 1.2 GP Disappeared
7 26.7–27.6 5.1 2.1 GP Disappeared
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Figs. 1B and 2C,D), in which hyperintensity of the
anterior pituitary had disappeared. WB-Mn was nor-
mal in the surviving six patients. None of the patients
had clinical neurological abnormalities even though
initially they all had MRI abnormalities. Dermatitis
that was strongly suspected to be due to zinc deficiency
was observed in one patient (case 5) after withdrawal
of Mn from HPN, although the plasma zinc level was
normal. The dermatitis improved after administration
of zinc. No patients displayed severe cholestasis.

Discussion

Mn is an essential trace element for humans [1]. It
functions as a component of the enzymes pyruvate car-
boxylase and the mitochondrial form of superoxide
dismutase. Mn supports the mucopolysaccharide pro-
duction and the formation of normal bone, cartilage,
and connective tissue [8]. When Mn is orally ingested
regulatory mechanisms usually prevent excessive
absorption or retention [8]. When administered paren-
terally, these regulatory mechanisms are bypassed,
allowing for excessive absorption and tissue deposition
of Mn.

Recently, neurological and cerebral disorders related
to Mn accumulation have been reported in patients
receiving HPN [5, 6, 7, 10, 14, 15, 16, 17, 19, 22]. MRI
demonstrates specific patterns of intensity associated
with Mn accumulation in exposed individuals [14]. As
routine MRI study is not clinically feasible, Mn status is
usually monitored in patients receiving long-term HPN
by analyzing blood samples. However, the appropriate
methods for assessing Mn stores in humans are still
debated [3]. Although WB-Mn is supposed to increase
with excessive accumulation of Mn, three of the seven
patients showed normal WB-Mn despite evidence of Mn
accumulation on brain MRI. We speculated that this
inconsistency might be due to the characteristics of
WB-Mn [3] and individual variations in Mn metabolism
[5, 18, 22]. Mn is incorporated in erythrocytes with

Fig. 1 A T1-weighted MRI findings at the beginning of this study
demonstrated symmetrical high intensity signals in the globus
paliidus. B The abnormal signal intensity at the same level
disappeared 12 months after parenteral manganese supplementa-
tion was withdrawn

Fig. 2A–D T1 weighted MRI
findings of the first MRI study
in case 1. A, B High intensity
signal was observed in the
globus pallidus and anterior
pituitary at the beginning of
this study. C, D The abnormal
signal intensity in the anterior
pituitary had disappeared 12
months after parenteral
manganese supplementation
was withdrawn whereas that of
globus pallidus remained
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porphyrin and its clearance relates to the lifespan of the
erythrocyte [22]. WB-Mn does not correlate with the
degree of cholestasis, amount of parenteral Mn intake,
or duration of HPN [22]. In addition, WB-Mn is not a
homogenous entity and it is affected by intravenous
delivery of Mn [9]. Accordingly, the pattern of HPN (i.e.
intermittent HPN vs. continuous whole-day HPN) may
have affected WB-Mn in our series. Meanwhile, changes
in the distribution of Mn between tissues and blood can
occur in patients receiving HPN and result in individual
variation in response to parenterally administered Mn.
Though tissue Mn levels were not measured, we specu-
late that such changes occurred in our three patients
who showed normal WB-Mn, and that the body distri-
bution of Mn was modified while on long-term HPN [18,
22]. Recent studies suggest that the Mn content in red
blood cells [20] and mononuclear blood cells [12], as well
as the activity of Mn superoxide dismutase and a
mitochondrial antioxidant enzyme [4, 11], are better
indicators of Mn nutritional status than WB-Mn. These
indicators are stable and not directly influenced by
current intravenous supplementation. However, these
indicators are not always clinically available and some-
times require access to expensive instrumentation. It was
interesting that the two patients who showed normal
WB-Mn received whole-day HPN and could not take
any enteral nutrition. It is therefore possible that the
patients with elevated WB-Mn were receiving a higher
amount of Mn, via their combined oral and parenteral
route, than the two patients with normal WB-Mn. The
major route of execretion of Mn from the body is via
bile, and the cholestasis caused by HPN promotes Mn
accumulation. In our series, no patients showed severe
cholestasis. In the two patients who could not take any
enteral nutrition and who showed normal WB-Mn, the
enterohepatic circulation was expected to be exhausted.
The effect of this exhausted enterohepatic circulation on
Mn status is uncertain.

The T1-weighted MRI findings of our series resem-
bled those found in cases reported by Ejima and
Imamura [5] and Mirowitz and Westrich [14]. The site of
the earliest and most pronounced deposition of Mn is
the globus pallidus. With prolonged parenteral nutri-
tion, subsequent deposition will be observed in the
caudate nucleus and putamen [14]. The deposition in the
anterior pituitary is less constantly observed. For case 1
of our series, hyperintensity in the globus pallidus and
anterior pituitary remained 20 months after cessation of
HPN that had lasted 179 months. In the brain, Mn
accumulation disappears very slowly from the mito-
chondria even after discontinuation of parenteral Mn
supplements [14].

Mn accumulation does not necessarily correlate with
degree of clinically apparent neurological abnormality
[13] and fortunately no neurological abnormalities were
detected in our patients despite obvious MRI changes.
Periodic brain MRI examination will be necessary to
monitor for excess Mn accumulation in the brain of
children receiving HPN.

Appropriate parenteral doses of Mn were recom-
mended by the ASPN [2] in 1997. Parenteral doses of Mn
in our patients exceeded this recommendation. The AMA
recommended against the fixed use of commercially
available trace element products [1] because of the risk of
over-dosage of some trace elements when the demand for
other elements is increased [8]. On the other hand, relative
zinc deficiency can occur after discontinuition of paren-
teral Mn supplementation, as happend in our case. The
required daily parenteral dose of Mn is still controversial
and needs further research. Further commercial product
development for children is also required.

In conclusion, WB-Mn does not accurately reflect the
accumulation of Mn in the brain of children receiving
long-term HPN. Occasional MRI studies are recom-
mended to monitor for excessive Mn accumulation in
the brain. Further studies are necessary to evaluate the
correlation between Mn accumulation in the brain and
the Mn content in the red blood cells and mononuclear
blood cells, as well as the activity of Mn superoxide
dismutase and mitochondrial antioxidant enzymes.
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