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Complications of Long-Term Home Total

Parenteral Nutrition
Their Identification, Prevention and Treatment

ALAN L. BUCHMAN, MD, MSPH

The purpose of this review is to describe the most common complications of home total
parenteral nutrition, their identification, treatment and prevention. Data sources were
manuscripts and abstracts published in the English literature since 1968. Studies were
selected for summarization in this review on the basis of clinical relevance to the practicing
clinician. Home total parenteral nutrition is a relatively safe, life-saving method for nutrient
delivery in patients with compromised gastrointestinal function. However, numerous com-
plications, with associated morbidity and mortality, involving the delivery system and the
gastrointestinal, renal, and skeletal systems may develop. Catheter-related complications are
often preventable and treatable when they occur, although renal and bone abnormalities have
elusive etiologies.
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The first patient was sent home to receive parenteral
nutrition in 1968 (1). Since then, the number of
patients that require this therapy has grown to ap-
proximately 40,000 yearly as recently as 1992 (the
most recent statistics available) (2). While many of
these patients need TPN (total parenteral nutrition)
temporarily because of such illnesses as high-dose
chemotherapy, bone marrow transplant, hyperemesis
gravidarum, etc, some patients with short bowel syn-
drome, radiation enteritis, malabsorption, or chronic
intestinal pseudoobstruction may require TPN on a
permanent basis. Internists are often called upon to
manage these patients and should be aware of the
complications of home TPN, how to prevent them if
possible, and how to manage them when they do
occur. This review is intended for the practitioner,
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although areas where additional research is necessary
are highlighted. The objective is to inform the prac-
titioner who manages patients that recieve home TPN
of the possible complications of this therapy and
methods that may be employed to treat and prevent
them. I have confined the review to the adult human
experience, with pediatric or animal data presented
only to substantiate similar observations in adult hu-
mans. Patient survival, as well as specific catheter-
related (infectious, catheter occlusion), renal, gastro-
intestinal, hepatobiliary, and skeletal complications
are discussed together with the existing data on diag-
nosis and monitoring, pathogenesis, prevention and
treatment of each.

METHODS

A Medline search was conducted for the years
1968-1999 for parenteral nutrition, cross-referenced
with complications and the specific complications of
infection, sepsis, catheter, thrombosis, superior vena
cava syndrome, kidney, liver, hepatic steatosis, steato-
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Fig 1. The Incidence of catheter-related infections during TPN.

hepatitis, cholestasis, bone, osteoporosis, osteomala-
cia, gastroparesis, small intestine, gallstones, and cho-
lecystitis. The authors’s extensive file collection of
published articles and abstracts was also extensively
utilized.

SURVIVAL

The vast majority of patients that require home
TPN die from their underlying disease rather than
from TPN-related complications (2, 3). Survival rates
are =87% at one year for patients with benign gas-
trointestinal disorders (91% at one year, 70% at three
years, and 62% at five years) (3), although for patients
with other disorders the survival is 10-50% at one
years (2). Survival figures are >90% for younger
patients with Crohn’s disease. Rehospitalizations and
therapy-related complications accounted for 5% of
deaths in the USA [11% in France (3)] (2). Therapy-
related complications occurred approximately once
yearly except for patients with AIDS, cancer, and
hyperemesis gravidarum, where the incidence was
three or four times yearly (2). Death rate is unrelated
to residual bowel, but is associated with the presence
of intestinal stasis, including obstruction and
pseudoobstruction (3). Several potentially serious
complications may be encountered that may have
significant impact on patient survival and morbidity.

2

CATHETER-RELATED COMPLICATIONS

Catheter-Related Infections

The most commonly encountered catheter-related
complication is infection. There are three types of
catheter-related infections (Figure 1): catheter sepsis,
the most common (4); exit site or cuff infections
(erythema or purulence at the catheter skin exit site
related to an infected subcutaneous cuff which an-
chors the catheter); and tunnel infections (erythema
and tenderness over the subcutaneous catheter tract),
the least common.

Catheter Sepsis. A high index of suspicion is often
required in order to diagnose catheter sepsis in its
earliest state where it may manifest initially only by
fever or shortness of breath only during TPN infusion,
prior to the development of rigors, hypotension, and
other manifestations of frank sepsis. It is important
for the patient to be trained that these symptoms
should prompt an immediate call to their physician.
The algorithm in Figure 2 addresses diagnosis and
treatment. All patients in whom catheter sepsis is
suspected should have blood cultures obtained from
the catheter and peripherally, their peripheral blood
smear examined for the presence of budding yeast
(5), and blood fungal cultures obtained. It is impor-
tant that sufficient blood be obtained for culture
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Fig 2. Suggested algorithm for the diagnosis and treatment of catheter-related infections.
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TABLE 1. COMPLICATIONS OF LONG-TERM TPN

Infections
(0.4/yr; 0.5/yr in children) (4)
Catheter sepsis
Exit site infection
Tunnel infection
Catheter occlusion
Thrombosis (0.07/yr) (55, 76a—76d)
Mineral or lipid precipitate (79-86)
Renal (87-91)
Decreased GFR
Tubular dysfunction
Gastrointestinal
Gastroparesis (95-97)
Intestinal hypoplasia (?) (98-102)
Metabolic bone disease (107-135)
Osteomalacia
Osteoporosis
Hepatic disease (15-40% after 3 yr) (136-138)
Hepatic steatosis (145,159-164)
Cholestasis (139-142,146-148,166)
Phospholipidosis (175)
Biliary Disease (up to 100% after 6 weeks) (183-191)
Biliary sludge
Gallstones

(10-20 ml) (6). Although it may be a good idea to
keep a sample from the patient’s most recent TPN
bag in case an unusual organism is cultured from their
blood, this should not be done routinely because of
the expense and the extreme rarity of contaminated
TPN in the United States. We generally initiate treat-
ment in the hospital, with patients discharged home
to complete their antimicrobial course when stable. If
the patient lives close to a medical facility and is
otherwise stable, cultures can be obtained by home
nurses and empiric antibiotics initiated at home.

BUCHMAN

A single bacterial count of >100 CFU/ml from the
catheter or a colony count ratio of 4:1 (central versus
peripheral blood) is a reliable identifier of catheter
sepsis (7, 8), although the diagnosis must often be
made on a clinical basis when other potential infec-
tion sources have been excluded, especially if blood
cannot be obtained from the catheter and one is
considering an attempt at catheter salvage. Many
different organisms may cause catheter infections
(Table 2). Most are gram-positive bacteria, although
infections with gram negative bacteria or fungi are
frequent. (Figure 1).

Treatment of Catheter Sepsis. We hold TPN for 24
hr (longer if the patient is unstable) in order to effect
catheter sterilization and to prevent further blood-
stream seeding. Aggressive initial antimicrobial ther-
apy with broad-spectrum antibiotics such as vancomy-
cin and gentamicin may be useful in keeping the
mortality rate low (4). Therapy can be adjusted once
blood culture results are available (4, 9-12). It is
important to choose antimicrobial therapy for the
home patient that can be administered once or twice
daily (eg, before and after the TPN infusion) in order
to avoid excessive catheter manipulations, which are
inconvenient and potentially invite the risk of yet
another infection.. Antibiotics should be selected that
are compatible with TPN, although vigorous catheter
flushing can be done before and after the antibiotics
are infused. It has been recommended to continue
antibiotic treatment for four weeks, although the sup-
porting data are largely anecdota (4). Others have

TABLE 2. ORGANISMS CAUSING INFECTIONS IN HOME TOTAL PARENTERAL NUTRITION PATIENTS*

Gram positive Gram negative Fungi Mycobacteria
Bacillus species Acinetobacter antitritus Candida albicans M. avium
Corynebacterium Acinetobacter diversus Candida glabrata M. chelonae
Enterococcus durans Acinetobacter twofill Candida guilliemondii M. fortuitum
Enterococcus faecalis CDC group VE-2 Candida parapsilosis M. xenopi

Citrobacter diversus
Citrobacter freundii

Moraxella osloensis
Peptostreptococcus
Propionibacterium
Staphylococcus aureus
Coagulase-negative
staphylococci
Staphylococcus hominis
Streptococcus faecalis
Group B streptococci
Streptococcus mitis
Streptococcus viridans

Enterobacter cloacae
Escherichia coli

Klebsiella oxytoca
Klebsiella pneumoniae
Klyuvera spp.
Lactobaccillus
Oerskovia spp.

Pseudomonas seruginosa

Pseudomonas capacia
Pseudomonas pickettii

Enterobacter aglomerans spp.

Candida tropicalis M. smesmatis
Mallessezia furfur
Rhodotorula pilimanae

Hansenula spp.

*Adapted from Buchman et al. JPEN 18:299, 1994 (with permission)
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used a median of seven days of intravenous antibiotic
therapy and reported <10% recurrence (13).

A newer method of antibiotic delivery, the antibi-
otic lock technique, whereby a highly concentrated
antibiotic solution is instilled into the catheter in a
volume sufficient only to fill the catheter, twice daily
(eg, before and after TPN infusion) for one to two
weeks has been described (14-16). Reported success
rates have been >90%, although treatment of fungal
infections in this fashion has been unsuccessful (15).
Amikacin (1.5 mg/ml), gentamicin (5 mg/ml), mino-
cycline (0.2 mg/ml), and vancomycin (1.0-5.0 mg/ml)
have been used. This technique is much less expensive
than systemic antibiotics, appears to be more success-
ful, and is more convenient for the patient.

A major issue in the treatment of TPN-related
infections is catheter removal (Figure 2). Most epi-
sodes of catheter sepsis can be treated successfully
without catheter removal (4, 9-11, 17). The catheter
should be removed with fungal infections (4, 10, 11,
18), septic shock, or failure to defervesce and other-
wise improve within 48—72 hr from the start of anti-
biotic therapy. Delayed catheter removal infected by
fungi is associated with increased mortality (18, 19).
Catheter replacement may occur once the patient has
been completely afebrile for 48—72 hr. Catheter re-
moval should be followed by a week of appropriate
intravenous antibiotics, although there are few data
on optimal treatment duration. Fungal infections gen-
erally require 100-250 mg of amphotericin B in ad-
dition to catheter removal (4). There has been little
experience with fluconazole and other antifungals in
this setting (20).

Prevention of Catheter Sepsis. The infection risk
appears similar with either tunneled (Hickman/
Broviac/Groshong type) external catheters versus the
implanted reservoir catheter (21, 22). However, the
risk of infection is significantly greater with triple-
lumen and with nontunneled catheters (other than
PICC) (23-26). The tunneling technique employs a
tunnel created in the subcutaneous tissue which the
catheter traverses on its way out to the skin. This
allows for a longer, and more indirect route for bac-
teria that may enter the vein from the skin exit site.
The infection risk may be greater when a needleless
system is used (27), although that probably relates to
a hub design that permits infusion solution to remain
in the injection cap where it may become contami-
nated. Infection rates are probably greater in children
because of a child’s inability to effect good catheter
care and greater chance for contamination of the exit
site (4). Infection rates are also significantly greater in
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patients with AIDS, possibly related to their immu-
nocompromised state, although the same has not
been found with recent chemotherapy or bone mar-
row transplant patients who used a similar catheter
care protocol to that of patients with AIDS (4, 28).
There is no data on the risk of central venous catheter
infection in patients with AIDS in the era of antiret-
roviral therapy. Prophylactic antibiotic infusion prior
to invasive procedures on the basis of an indwelling
catheter does not prevent subsequent catheter infec-
tion (29).

Catheter Care. Catheter care technique is arguably
the most important determinant of the incidence of
catheter infection (4, 26, 29). The primary sources for
infections are the skin at the catheter exit site (30)
and the catheter hub (31-33). There is no substitution
for proper cleaning of these sites. Evidence suggests
that the nurse or patient’s hand may contaminate
both the exit site and catheter hub during catheter
manipulations such as connecting or disconnecting
TPN (34). For virulent organisms such as Pseudomo-
nas aeruginosa, even a single inoculum may be suffi-
cient to result in catheter sepsis (35). Hub contami-
nation at the junction between the catheter and
infusion line may be the initial process involved in
endoluminal bacterial seeding (36). Luer locks have
no antibacterial properties and require strict aseptic
manipulation. Improvement in catheter hub care re-
sults in significantly decreased infection risk (33).
This includes avoidance of three-way stopcocks be-
cause of the risk of hub contamination (37, 38).
Accepted methods of catheter and hub care are de-
scribed in Table 3.

Exit Site and Tunnel Infections. Most exit site and
tunnel infections are caused by organisms present on
the skin, especially Staphylococcus species (4). Puru-
lent drainage should be cultured and initial therapy
provided with vancomycin (4, 39). Neither exit site
tunnel infections are systemic infections, and they are
rarely associated with fever or leukocytosis. However,
delayed treatment may lead to more serious sequelae.
Two weeks of therapy has been recommended, al-
though the data are largely anecdota (4). Most exit
site infections can be treated successfully without
catheter removal (4, 9-11, 17). Antibiotic penetration
of the subcutaneous tunnel is suboptimal. Therefore,
catheter removal is required for tunnel infections.

Prevention of Exit Site and Tunnel Infections. As
with the prevention of catheter sepsis, exit site care is
the most reliable determinant of infection risk. Ap-
propriate dressing changes and care of the exit site
are described in Table 3. Newly designed hubs and
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TABLE 3. CATHETER CARE

Catheter and Hub

Dressing

3-6 applications of 70% isopropyl alcohol
followed by 3-6 applications of 1%
povidone-iodine (4, 38a); allow
providone-iodine to dry; may substitute 2%
chlorhexidine when available

or

1 application of H,O, followed by 2 applications
of either 0.5% iodine tincture or 0.05%
chlorexidine (40a, 41a)

Iodophor ointment at catheter exit site? (38a)
Prepare site with 3—-6 applications of 70% isopropyl

alcohol followed by 3-6 applications of 1%
povidone-iodine (4, 39a); allow povidone-iodine
to dry

1 application of 2% chlorhexidine (41a)
Gauze dressing (may be covered by transparent

polyurethane film dressing changed 2X/wk or
when wet)

connection devices, not currently available in the
United States, have been associated with a lower
incidence of infection (40-42), although an antibiot-
ic-impregnated catheter cuff was not (43). Regardless
of how good the equipment or the technique, cathe-
ter-related infection is most easily avoided if the
catheter is not used for anything other than TPN.
Therefore, it is my practice to never use a central line
(especially a home TPN catheter) for temporary med-
ical delivery (except for treatment of a catheter-
related infection) if peripheral access is available. In
the rare absence of a peripheral vein, the catheter
must be prepared appropriately each time, prior to
medication injection.

Catheter Dressings and Dressing Changes. Less
frequent dressing changes, and the use of gauze
rather than transparent polyurethane dressings have
been associated with a lower risk for catheter infec-
tion (44-49). Increased bacterial colonization was
noted under the transparent dressings. This may re-
sult in part from moisture accumulation under such
dressings. These data are from inpatient populations.
There have been no studies of which I am aware on
the optimal frequency of dressing changes in home
TPN patients with tunneled or PIC catheters or that
compare gauze to transparent dressings in HTPN
patients. Whether the results from inpatient studies,
regardless of their shortcomings, can be generalized
to this patient group, is unclear.

Catheter Occlusions

Occlusions are the second most common catheter-
related problem. They occur either because of throm-
bus, precipitate formation, or mechanical problems
related to the catheter. Clinical symptoms are listed in
Figure 3.

Thrombesis. Thrombosis generally results from in-
timal disruption of the vein and development of a
fibrin sheath around the catheter (50, 51). Although
catheter thrombosis is relatively uncommon (Table
1), if unrecognized and untreated, it may lead to the
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need for catheter removal and long-term loss of a
venous access site. The incidence is greater in some
patients (Table 4) and the incidence of subclinical
catheter thrombosis may be much greater (52-54).
However, it is unknown what percentage of clots
found on routine, scheduled catheter checks result in
development of clinically significant thromboses.

Superior (SVC) or inferior vena cava (IVC) syn-
drome is a rare (incidence of 0.02-0.04/catheter year
(55-57), but serious sequallae of catheter thrombosis.
Our studies indicated 68% of patients with SVC or
IVC syndrome had at least one prior catheter throm-
bosis, and nearly 40% of patients who develop cath-
eter thrombosis will subsequently develop SVC/IVC
syndrome at some time as long as they remain on
HTPN (55). Intracardiac thrombosis has also been
reported and is related to catheter tip position in the
right atrium (57, 58). Pulmonary embolism is a very
rare complication of catheter thrombosis (58-63).

Very low dose warfarin (1-2 mg daily) does not
alter the PT or aPTT, but may prevent catheter
thrombosis (64, 65). This may result from partial, but
critical inhibition of vitamin K-dependent factors
(66—68). Patients who develop thrombosis despite
low-dose warfarin should be fully anticoagulated dur-
ing the period they have their catheter (48, 69). An-
ticoagulation may require increased warfarin dose,
either related to malabsorption or the vitamin K
intrinsically contained in lipid emulsion (70). Long-
term heparin use is not recommended because of the
risk of osteoporosis (71), and it is incompatible with
lipid emulsion (which has significance with the in-
creased use of 3-in-1 emulsions) (72), although cath-
eter flushing with heparin 100 units/ml (0.6-3 ml,
depending on the catheter volume) is recommended
(73, 74).

Catheter thrombosis may be treated using uroki-
nase (Figure 3) (75, 76). If medical treatment is
unsuccessful, removal and replacement in another
site are necessary. Thrombosed veins may recanalize
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Fig 3. Suggested algorithm for the diagnosis of catheter-related occulsion (thrombotic and nonthrombotic).
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TABLE 4. RisK FACTORS FOR CATHETER THROMBOSIS

Mesenteric vein thrombosis (57)
Mesenteric artery embolism (57)
Catheter sepsis (4,17,57,68a)
Antiphospholipid syndrome (69a)
Serum auto-antibodies (70a)

Hyperhomocysteinemia (71a)

Protein C deficiency (72)
Protein S deficiency (72)
Antithrombin III deficiency (72a)
Certain malignancies (73a)
Catheter tip malposition (71)

(in innominate or femoral veins)

over several years, and it may be possible to reuse a
former site for catheter placement.

Nonthrombotic Occlusion. Up to 50% of non-
thrombotic occlusions may be related to mechanical
problems including catheter migration or damage
(76-78), precipitation related to medication-TPN in-
compatabilities (79-83), and lipid deposition (84,
85). Hydrochloric acid dissolves certain mineral and
medication precipitates that form because of low cal-
cium/phosphate solubility in TPN solutions used with
medications that have a low pK, in the TPN solution
(Figure 3) (79-83). Sodium hydroxide has also been
used, although the solution is may require up to 6-7
hr before any attempt at aspiration is made (83).
Ethanol dissolves waxy lipid deposits around the cath-
eter (Figure 3) (82, 84). It is often difficult to initially
determine whether a catheter occlusion is thrombotic
or nonthrombotic in origin, although lipid-based pre-
cipitates generally have a more gradual onset. Lipid
occlusions also generally occur in association with
3-in-1 emulsions and not when lipids are infused
separately from the dextrose/amino acid components
of TPN (85, 86).

RENAL COMPLICATION

TPN-associated nephropathy is the most recent
systemic complication of long-term TPN described
(87, 88). Creatinine clearance declines by approxi-
mately 3.5% per year in adults (87). The etiology of
this decline is unknown, but age, nephrotoxic drug
use, and previous bloodstream infections are all con-
tributing factors (87). Tubular function is also im-
paired in adults (87), although not necessarily in
children (88). Short-term TPN leads to dramatically
increased creatinine clearance, probably because of
glomerular hyperfiltration, and nephromegaly may
result (89, 90). Glomerular sclerosis could result over
the long term.

We found no correlation between the decline in
renal function and intravenous amino acid intake in
either adults or children (87, 88). Excessive chromium
infusion (primarily in the form of contaminates in the
TPN solutions) is associated with decreased renal
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function in children (91), but not adults (87, 92).
Cadmium and other heavy-metal contaminants in
TPN do not appear to play a role (92).

Hyperoxaluria occurs in adult HTPN patients and
probably children as well (93, 94). Despite increasing
the risk for nephrolithiasis, there is no correlation
with renal dysfunction (93). The hyperoxaluria may
be related to endogenous production from vitamin C
contained in TPN solutions (94). The acidity of TPN
solutions may contribute as well (87).

GASTROINTESTINAL COMPLICATIONS

Gastroparesis. Studies in normal volunteers have
demonstrated that long-chain triglyceride-based
emulsions will delay gastric emptying, although it is
unclear whether this is clinically significant and leads
to early satiety (95). The etiology for this finding is
unknown. Hyperglycemia even with lipid-free TPN
may also cause gastroparesis and decreased gastric
and pancreatic secretion (96, 97).

Intestinal Hypoplasia. Although intestinal villus
hypoplasia (not atrophy) has been well described in
rodent models of TPN, it has not been observed to a
similar degree in humans (98-102). Slight, but statis-
tically significant decreases in jejunal villus height
have been observed in some, although not all studies
(98-101). Similarly, no decrease in villus height was
seen in obese volunteers who were starved for two
weeks (101, 103), or in patients with jejunal or ileal
bypasses 3.5-6 years following exclusion of their in-
testinal segments (104). Virtually all HTPN patients
eat something, and many eat considerable amounts.
Therefore, the intestinal changes related to the lack
of luminal nutrients would likely be of an even lesser
magnitude in HTPN patients. Crypt depth remains
unchanged (98-100).

Intestinal permeability to macromolecules in-
creases during TPN and the lack of enteral nutrition,
although this is unrelated to changes in intestinal
morphology (98, 100). The etiology for the increase in
intestinal permeability remains unknown. Some pa-
tients develop intercellular edema, although both the
relationship with increased intestinal permeability
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and clinical significance are speculative. There are
few data to support a functional impairment of the
gastrointestinal tract during TPN. Although Guedon
et al observed a decrease in duodenal disaccharidase
concentrations after two to three weeks of TPN (99),
we found no functional deficit (98). Contrary to ani-
mal studies, TPN is not associated with intestinal
immune dysfunction (105, 106).

METABOLIC BONE DISEASE

TPN-associated bone disease was first described by
Shike et al (107) and Klein et al (108) in 1980. Many
factors may be involved, including lifestyle and un-
derlying disease. Its prevalence is unknown. Patients
may be asymptomatic or may manifest bone pain,
back pain, or fractures. Low trabecular bone density
(lumbar spine), measured either by quantitative com-
puted tomography or dual-energy absorptiometry,
signify increased fracture risk. Bone biopsy following
double tetracycline labeling (to determine if bone
formation is decreased and if osteoid is increased)
may also be useful in the diagnosis. The disease was
originally characterized by transient hypercalciuria,
high normal plasma 25-OHD;, hypercalcemia, nor-
mal or low serum parathyroid hormone [although
Klein et al reported normal to elevated PTH (108)],
and negative calcium balance with normal serum
phosphorus with increased osteoid and decreased
mineralization evident on bone biopsy (109). De-
creased serum 1,25-(OH),D; has also occasionally
been reported (109).

Hypercalciuria may reflect the cycled nature of
home TPN, increased bone resorption, excessive
amino acids infusion, vitamin A toxicity, or hyperin-
sulinemia (110-112). It my be reduced by increasing
the phosphorus concentration in the TPN (113), al-
though one must be careful to avoid precipitation
with calcium. Most current adult TPN solutions con-
tain a standard phosphate concentration of 10-15
mmol/liter (usually 30-45 mmol/day), which is short
of that recommended based some balance studies
(114) and that used by Wood et al to treat hypercal-
ciura (113).

Chronic acidosis has also been associated with hy-
percalciuria and metabolic bone disease (115-118),
although one of the treatments (acetate) has been
associated with inhibition of osteoblast proliferation
in vitro (119). However, other studies have shown that
correction of chronic acidosis with acetate (replace-
ment of 160 mmol Cl with 160 mmol Ac) leads to
decreased hypercalciuria (120).
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Aluminum toxicity, manifested by elevated plasma,
urine, and bone aluminum concentrations and low
turnover bone disease was found to be a significant
contributor to the development of TPN-associated
osteomalacia (121, 122). Reduced bone formation
and reduced serum 1,25-(OH,)Dj is characteristic of
aluminum bone toxicity (121-123). Significant alumi-
num contamination was found in the casein protein
hydrolysate, and in mid-1981, these solutions were
discontinued and crystalline free amino acid-based
formulas were substituted. Studies showed this re-
sulted in increased bone formation (123, 124). Reduc-
tion in the degree of aluminum contamination was
also associated with increased serum 1,25-(OH),D;
(123). While aluminum contamination has been re-
duced significantly, other TPN components including
sodium phosphate, calcium gluconate, and multivita-
mins still contain rather large concentrations of alu-
minum although their contribution to the overall
TPN solution may be rather small (125). Unfortu-
nately, low bone formation characterized by low bone
mineral content continues to be a problem in some,
but not all HTPN patients despite the lack of signif-
icant aluminum exposure (124, 126-128).

Other potential causes of metabolic bone disease in
patients requiring home TPN include the underlying
disorder (127, 130) (eg, dehydration, primary hyper-
parathyroidism, hypoparathyroidism—often related
to magnesium deficiency from chronic diarrheal
losses, vitamin D malabsorption, cytokine activity)
and medication-induced osteopenia from corticoste-
roids, methotrexate, cyclosporin, or tacrolimus used
in the therapy of the underlying disorder. Plasma
fluoride concentration has been shown to correlate
significantly with bone mineral density in children
requiring long-term home TPN, although there are
no studies of fluoride supplementation in home TPN
patients (131).

Shike et al suggested vitamin D contained in the
multivitamin preparations used in TPN may have a
toxic effect on bone (107, 132). Hypercalciuria de-
creased in three patients who had vitamin D with-
drawn from their TPN solutions, and osteomalacia
improved in one of the patients who had follow up
bone biopsies (107). However, the patients may have
had secondary hyperparathyroidism prior to begin-
ning TPN, where bone mineralization is impaired, but
osteoid formation is increased (133). In a subsequent
study, Shike et al found significant aluminum contam-
ination was present in these patients’ TPN (based on
the likelihood at least some patients received casein
hydrolysate during their early days of TPN), although
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only 3 of 12 had positive aluminum bone staining
(132). Bone biopsies of these patients showed re-
duced osteoid and total bone volume (consistent with
decreased bone matrix formation and normal miner-
alization) with normal resorption activity, although
osteoid and mineralization were reportedly normal in
patients with positive aluminum staining. This con-
trasts with the previously described studies where
osteoid was increased and mineralization decreased
in association with low serum vitamin D and PTH. In
the Shike study, serum 25-OHDj;, 1,25-(OH),D5, cal-
cium, PTH were all normal, although the serum alu-
minum concentration was elevated (132). In addition,
a decrease in the osteoid area with a concurrent
increase in bone mineralization was described in pa-
tients who were switched from casein-based amino
acids to crystalline amino acid (123).

Others have found a significant correlation be-
tween serum 1,25-(OH),D; and biochemical mea-
sures of bone formation in patients who did not
receive significant aluminum, suggesting that in-
creased serum 1,25-(OH),D; may stimulate bone for-
mation, rather than depress it (134). However, long-
term (4.5 years) vitamin D withdrawal in patients with
depressed serum PTH and 1,25-(OH),D; only has
been associated with a significant increase in lumbar
bone mineral density and normalization of both PTH
and 1,25-(OH),D; (135). TPN-associated bone dis-
ease and the role of vitamin D remain poorly under-
stood.

HEPATIC DISEASE

TPN-associated liver was first described in 1971
(136). The prevalence of end-stage liver disease varies
between 15% and 40% in the adult population and is
greater in neonates (137, 138). Since then, the asso-
ciation between hepatic aminotransferase abnormal-
ities and TPN has been well documented, and three
distinctive morphologic abnormalities in the liver
have been described. Liver test abnormalities are
nonspecific and insensitive indicators for specific he-
patic morphologic lesions (139) but are often elevated
within four to seven weeks of TPN initiation and may
remain as long as TPN is continued (140, 141). In
adults, elevation in serum bilirubin is unusual (142)
but is being observed with increased frequency (AL
Buchman, L. Howard, D Kelly, unpublished observa-
tions, 1998). Alkaline phosphatase elevation may be
related in part to metabolic bone disease, and not
liver disease alone (108). Liver function during TPN
has not been evaluated in humans.
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Morphologic abnormalities in adults include ste-
atosis (macro- and microvesicular), cholestasis, and
phospholipidosis. TPN-associated liver disease in
adults usually manifests as hepatic steatosis or steato-
hepatitis (139, 143-145), although this may be pro-
gressive with subsequent development of cirrhosis
and hepatic failure (146-152). Dextrose overfeeding
was once a common cause of benign hepatic steatosis
(although severe steatosis with hepatomegaly may be
painful) in an era of overfeeding when patients were
routinely provided with 50—60 kcal/kg/day (153, 154).
This has become less common when currently ac-
cepted norms of 25-40 kcal/kg/day are used.

Since the widespread use of lipid emulsions became
popular in the early 1980s, essential fatty acid defi-
ciency is extremely uncommon as long as patients
receive a minimum of 2-4% of their calories as
linoleic fatty acid (eg, 4—8% of daily calories as lipid
emulsion) (155-157). A triene—tetrene ratio >0.4
(158), or a low plasma linoleic fatty acid concentra-
tion is indicative of biochemical fatty acid deficiency
and can develop as soon as two weeks following
withdrawal of lipids (154). Clinical signs may include
skin rash, neuropathy, hepatosplenomegaly, and
thrombocytopenia.

Acquired carnitine deficiency had been proposed
to cause TPN-associated hepatic steatosis. However,
carnitine supplementation does not improve hepatic
aminotransferase abnormalities, the degree of he-
patic steatosis, or lipid utilization in TPN-requiring
patient (159, 160). Despite these data, carnitine sup-
plementation is routinely provided to patients in
some institutions. Carnitine can be synthesized from
the amino acids lysine and methionine contained in
the TPN solutions.

Low plasma free choline has been observed in
patients that require TPN (145, 161-164). Significant
correlations exist between both hepatic aminotrans-
ferase concentrations and degree of hepatic steatosis
and the plasma free choline concentration (145, 164).
Choline is necessary for very low density lipoprotein
(VLDL) synthesis, and when insufficient VLDL pro-
duction occurs, defective triglyceride transport from
the liver results (165, 166). Massive lecithin (13%
choline) doses lead to a significant increase in plasma
free choline concentration and a corresponding de-
crease in hepatic steatosis in a study of HTPN pa-
tients, although both remained abnormal (145). A
recent study used intravenous choline to restore
plasma free choline concentration to normal and
ameliorate hepatic steatosis (161). A double-blind,
placebo-controlled trial of choline-supplemented
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TPN on hepatic morphology has confirmed the find-
ings of the previous open-labeled study. It appears
choline may be an essential nutrient for TPN-
dependent patients, although it is not currently avail-
able commercially (167).

Frank cholestasis, manifested morphologically in
ballooning of hepatocytes, Kupffer cell hyperplasia,
and bile duct plugging is uncommon in adults, al-
though the incidence may be increasing (AL Buch-
man L Howard, D Kelly, unpublished observations,
1998). Patients with the shortest residual intestine
(146-148), and those who receive moderate and
larger doses of lipid emulsion (>1.0 g/kg/day) (148,
168) appear particularly at risk. Hepatocellular carci-
noma, possibly related to choline deficiency has also
been reported (169-171). Whether or not manganese
toxicity occurs and contributes to cholestasis is un-
clear (172, 173). Phytosterolemia (from plant sterols
contained in lipid emulsion) associated with higher
doses (> 1.4 g/kg/day) of lipid emulsion has been
reported in children, although not in adults, and the
serum concentration of phytosterols did not necessar-
ily correspond to the amount of lipid infusion (174).
In three of the five patients with severe hepatic dys-
function, total serum bilirubin and AST concentra-
tions decreased in parallel with a decrease in the
plasma phytosterol concentration, which followed a
decrease in the volume of lipid infused. Phospholipi-
dosis has also been rarely described following pro-
longed infusion of lipid emulsion (175).

There are few treatment options for TPN-
associated cholestasis. Phenobarbital and antibiotics
such as gentamicin are useless (176, 177). Some stud-
ies have shown ursodeoxycholic acid (UCDA) at a
dose of 10—45mg/kg/day to significantly improve cho-
lestasis in preterm infants, while others have shown
less impressive results (178, 179). Data in adults is
limited to 10 patients who had generally limited im-
provement when treated with UCDA (6-15 mg/kg/
day (180, 181). Cholecystokinin (0.04 pg/kg twice a
day) injections were associated with numerically, but
not significantly, lower serum direct bilirubin concen-
tration in neonates that required TPN (182). This has
not been studied in adults. Combined liver—small
intestinal transplantation may be the only potentially
viable option for a patient with TPN-associated he-
patic failure. It is important to exclude other, non-
TPN-related and potentially treatable causes of liver
disease.

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)

BILIARY DISEASE

Home TPN patients are at risk for both acalculous
and calculous cholecystitis (183). Acalculous chole-
cystitis occurs because of decreased gallbladder emp-
tying related to the decreased release of cholecysto-
kinin (CCK) on the basis of insufficient oral food
intake (184, 185). Narcotic use, bile stasis, and in-
creased bile lithogenecity may also be contributing
factors (184-186). Patients may develop massive gall-
bladder dilation and require percutaneous cholecys-
tostomy for drainage. Gallbladder dysmotility and
abnormal emptying may result in false positive imi-
nodiacetic (IDA) hepatic scintigraphy (187-189), al-
though intravenous morphine may improve scan
specificity (189). Patients should eat on a daily basis,
even if they are completely TPN-dependent, in order
ensure adequate gallbladder emptying and possibly
prevent development of cholecystitis.

Biliary sludge developed in 50% of patients follow-
ing four to six weeks of TPN and in virtually 100%
after six weeks of TPN (190, 191). Some of these
patients ultimately develop gallstones. Messing et al
also showed sludge resolved in all patients following
four weeks of enteral/oral refeeding (190). Gallblad-
der stasis may be the most important risk factor,
similar to acalculous cholecystitis (192, 193). How-
ever, most stones are calcium bilirubinate in compo-
sition, rather than cholesterol (194-196). This sug-
gests the possibility of a chronic infectious process,
although the exact etiology for pigmented stones is
uncertain (197).

CCK injections have been used to induce gallblad-
der contraction and reduce the prevalence of biliary
sludge (198-200). However, this treatment is not
universally successful and has been associated with
cholecystitis, nausea, and flushing in some patients
(199-201). Rapid, high-dose intravenous amino acid
infusions (0.3-2.1 g/min 0.12-0.14 g/min for cyclic
home TPN patients) have also been used to stimulate
gallbladder contraction (202, 203). However, this ap-
proach is clinically impractical and lower infusion
rates are not very successful (203). Relatively rapid
infusion of lipid emulsion (10% at 100 ml/hr for 3 hr)
also stimulates gallbladder contraction and may be
useful preventative therapy (204, 205). This may be
mediated via CCK release (206). Intravenous che-
nodeoxycholate has shown promise in the prairie dog
model for the prevention of calcium bilrubinate gall-
stones, although it has not been studied in humans
(207). The prevention of calculous cholecystitis still
remains suboptimal. The best and least expensive
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means to prevent cholecystitis in HTPN patients is to
simply encourage patients to eat.

CONCLUSION

Patients who require long-term TPN have impres-
sive survival when compared with small bowel trans-
plantation. However, both survival and mobidity are
significantly affected by potentially serious complica-
tions from this therapy. These complications may
result from nutrient deficiencies or excesses and/or
mechanical problems associated with the delivery sys-
tem. Infectious complications, the most common, are
often related to insufficient education provided to the
patient, which usually leads to suboptimal catheter
care. The etiology and prognosis of other complica-
tions, such as the metabolic bone disease, nephropa-
thy, and hepatobiliary disease are more obscure, and
are therefore challenging to manage appropriately. It
is hoped, ongoing and future investigation will lead to
improved quality of care.

REFERENCES

1. Dudrick SJ, Wilmore DW, Vars HM, Rhoads JE: Long-term
total parenteral nutrition with growth, development, and pos-
itive nitrogen balance. Surgery 64:134-142, 1968

2. Howard L, Ament M, Fleming CR, Shike M, Steiger E:
Current use and clinical outcome of home parenteral and
enteral nutrition therapies in the United States. Gastroenter-
ology 109:355-365, 1995

3. Messing B, Lemann M, Landais P, Gouttebel MC, Gerard-
Boncompain M, Saudin F, Vangossum A, Beau P, Guedon C,
Barnoud D, Beliah M, Joyeux H, Bouletreau P, Robert D,
Matuchansky C, Levere X, Lerebours E, Carpentier Y, Ram-
baud JC: Prognosis of patients with nonmalignant chronic
intestinal failure receiving long-term home parenteral nutri-
tion. Gastroenterology 108:1005-1010, 1995

4. Buchman AL, Moukarzel A, Goodson B, Herzog F, Pollack
P, Reyen L, Alvarez M, Ament ME, Gornbein J: Catheter-
related infections associated with home parenteral nutrition
and predictive factors for the need for catheter removal in
their treatment. JPEN 18:297-302, 1994

5. Buchman AL, Lee S, Miller J, Valdecantos A: Candida fun-
gemia diagnosed from peripheral blood smear. JAMA
260:2926, 1988

6. Mermel LA, Maki DG: Detection of bacteremia in adults:
Consequences of culturing an inadequate volume of blood.
Ann Intern Med 119:270-272, 1993

7. Mosca R, Curtas S, Forbes B, Meguid MM: The benefits of
isolated cultures in the management of suspected catheter
sepsis. Surgery 102:718-723, 1987

8. Capdevilla JA, Planes AM, Palomar M, et al: Value of dif-
ferential quantitative blood cultures in the diagnosis of cath-
eter-related sepsis. Eur J Microbiol Infect Dis 11:403-407,
1992

9. Johnson PR, Decker MD, Edwards KM, Schaffer W, Wright

12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

BUCHMAN

PF: Frequency of Broviac catheter infections in pediatric
oncology patients. J Infect Dis 154:570-578, 1986

Widmer AF: Management of catheter-related bacteremia and
fungemia in patients on total parenteral nutrition. Nutrition
13:18S-25S, 1997

Wang EEL, Prober CG, Ford-Jones L, Gold R: The manage-
ment of central intravenous catheter infections. Pediatr Infect
Dis 3:110-113, 1984

Prince A, Heller B, Levy J, Heird WC. Management of fever
in patients with central vein catheters. Pediatr Infect Dis
5:20-24, 1986

Rannen T, Ladefofed K, Tvede M, Lorentzen JE, Jarnum S:
Catheter-related septicaemia in patients receiving home par-
enteral nutrition. Scand J Gastroenterol 21:455-460, 1986
Messing B, Peitra-Cohen S, Debure A, Beliah M, Bernier JJ:
Antibiotic-lock technique: A new approach to optimal ther-
apy for catheter-related sepsis in home-parenteral nutrition
patients. JPEN 12:185-189, 1988

Benoit JL, Carandang G, Sitrin M, Arnow PM: Intraluminal
antibiotic treatment of central venous catheter infections in
patients receiving parenteral nutrition at home. Clin Infect
Dis 21:1286-1288, 1995

Krzywda EA, Andris DA, Edmiston CE Jr, Quebbeman EJ:
Treatment of Hickman catheter sepsis using antibiotic lock
technique. Infect Control Hos Epidemiol 16:596-598, 1996
King DR, Komer M, Hoffman J, Ginn-Pease ME, Stanley
ME, Powell D, Harmel RP Jr: Broviac catheter sepsis: The
natural history of an iatrogenic infection. J Pediatr Surg
20:728-733, 1985

Lecciones JA, Lee JW, Navarro EE, Witebsky FG, Marshall
D, Steinberg SM, Pizzo PA, Walsh TJ: Vascular catheter-
associated fungemia in patients with cancer: Analysis of 155
episodes. Clin Infect Dis 14:875-883, 1992

Dato VM, Dajani AS: Candidemia in children with central
venous catheters: Role of catheter removal and amphotericin
B therapy. Pediatr Infect Dis J 9:309-314, 1990

Rex JH, Bennett JE, Sugar AM, Pappas PG, Serody J, Ed-
wards JE, Washburn RG: Intravenous catheter exchange and
duration of candidemia. Clin Infect Dis 21:994-996, 1995
Howard L, Claunch C, McDowell R, Timchalk M: Five years
of experience in patients receiving home nutrition support
with the implanted reservoir: A comparison with the external
catheter. JPEN 13:478-483, 1989

Wurzel CL, Halom K, Feldman JG, Rubin LG: Infection
rates of Broviac-Hickman catheters and implantable venous
devices. AJDC 142:536-540, 1988

Savage AP, Picard M, Hopkins CC, Malt RA: Complications
and survival of multilumen central venous catheters used for
total parenteral nutrition. Br J Surg 80:1287-1290, 1993
McCarthy MC, Shives J, Robinson RJ, Broadie TA: Prospec-
tive evaluation of triple and single lumen catheters in total
parenteral nutrition JPEN 11:259-262, 1987

Yeung C, May J, Hughes R: Infection rate for single v triple
lumen subclavian catheters. Infect Control Hosp Epidemiol
9:154-158, 1988

Keohane PP, Attrill H, Northover J, Jones BJM, Cribb A,
Frost P: Effect of catheter tunneling and a nutrition nurse on
catheter sepsis during parenteral nutrition. Lancet 2:1388—
1390, 1983

Danzig LE, Short LJ, Collins K, Mahoney M, Sepe S, Bland
L, Jarvis WR: Bloodstream infections associated with a

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)



HOME TPN COMPLICATIONS

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

needleless intravenous infusion system in patients receiving
home infusion therapy. JAMA 273:1862-1864, 1995
Ravigione MC, Battan R, Pablos-Mendez a, Aceves-Casillas
P, Mullen M, Taranta A: Infections associated with Hickman
catheters in patients with acquired immunodeficiency syn-
drome. Am J Med 86:780-786, 1989

O’Keefe SID, Burnes JU, Thompson RL: Recurrent sepsis in
home parenteral nutrition patients: An analysis of risk factors.
JPEN 18:256-263, 1994

Maki DG, Band JD. A comparative study of poly antibiotic
and iodophor ointments in prevention of vascular catheter-
related infections. Am J Med 70:739-744, 1981

Sitges-Serra A, Linears J, Garau J: Catheter sepsis: The clue
is the hub. Surgery 97:355-357, 1985

Salzman MB, Rubin LG: Relevance of the catheter hub as a
portal for microorganisms causing catheter-related blood-
stream infections. Nutrition 13:15S-17S, 1997

Stotter AT, Ward H, Waterfield AH, Hilton J, Sim AJW:
Junctional care: The key to prevention of catheter sepsis in
intravenous feeding. JPEN 11:159-162, 1987

De Cicco M, Panarello G, Chiaradia V, Fracasso A, Veronesi
A, Testa V, Santini G, Tesio F: Source and route of microbial
colonization of parenteral nutrition catheters. Lancet 2:1258 -
1261, 1989

Segura M, Alia C, Valverde J, Franch G, Rodriguez JMT,
Sitges-Serra A: Assessment of a new hub design and the
semiquantitative catheter culture methods using an in vivo
experimental model of catheter sepsis. J Clin Microbiol
28:2551-2554, 1990

Sitges-Serra A, Puig P. Linaires J, Perez JL, Farrero N,
Jaurrieta E, Garau J: Hub colonization as the initial step in an
outbreak of catheter-related sepsis due to coagulase-negative
staphylococci during parenteral nutrition. JPEN 8:668-672,
1984

Brismar B, Jordahl L, Nystrom B, Pettersson N: Bacterial
contamination of intravenous line side ports of different de-
signs. Clin Nutr 6:31-33, 1987

Snydman DR, Murray SA, Kornfield EJ, Majka JA, Ellis CA:
Total parenteral nutrition-related infections. Am J Med
73:695-699, 1982

38a.Maki DG, Ringer M, Alvarado CJ: Prospective randomized

39.

trial of povidone-iodine, alcohol, and chlorhexidine for pre-
vention of infection associated with central venous and arte-
rial catheters. Lancet 338:339-343

Goulet O, Larchet M, Gaillard JL, Goulet V, Jan D, Revillon
Y, Lortat-Jacob S, Descamps P, Ricour C: Catheter related
sepsis during long-term parenteral nutrition in paediatric
gastroenterology patients: A study of 185 consecutive central
venous catheters. Clin Nutr 9:73-78, 1990

39a.Buchman AL, Ament ME, Reyen L, Herzog F, Alvarez M,

40.

Rannen T, Ladefoged K, Hegnhoj J, Moller EH, Brunn B,
Jarnum S: Catheter-related sepsis in long-term parenteral
nutrition with Broviac catheters. An evaluation of different
disinfectants. Clin Nutr 9:350, 1990 (letter)

Segura M, Alvarez-Lerma F, Tellado JM, Jimenez-Ferreres J,
Oms L, Rello J, Baro T, Sanchez R, Morera A, Mariscal D,
Marrugat J, Sitges-Serra A: A clinical trial on the prevention
of catheter-related sepsis using a new hub model. Ann Sur-
gery 223:363-369, 1996

40a.Rannen T, Ladefoged K, Hegnhoj J, Moller EH, Brunn B,

Jarnum S: Catheter-related sepsis in long-term parenteral

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)

41.

41a.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

nutrition with Broviac catheters. An evaluation of different
disinfectants. Clin Nutr 9:131-136, 1990

Inoue Y, Nezu R, Matsuda H, Fujii M, Nakai S, Wasa M,
Takagi Y, Okada A: Experimental study of hub contamina-
tion: Effect of a new connection device: The I system. JPEN
16:178-180, 1992

Rannen T, Ladefoged K, Hegnhoj J, Moller EH, Brunn B,
Jarnum S: Catheter-related sepsis in long-term parenteral
nutrition with Broviac catheters. An evaluation of different
disinfectants. Clin Nutr 10:60, 1991

Halpin DP, O’Byrne P, McEntee G, Hennessy TPJ, Stephens
RB: Effect of a Betadine connection shield on central venous
catheter sepsis. Nutrition 7:33-34, 1991

Burnes J, Kelly D, O’Keefe S, Devine R: Evaluation of a
subcutaneous antimicrobial cuff in the reduction of catheter
related infection in patients receiving home parenteral nutri-
tion. JPEN 22:S15, 1998 (abstract)

Stebbins J, O’Neill M, Steiger E: The effect of decreased
catheter care on primary sepsis rate in central venous cathe-
ters (CVC) used in parenteral nutrition. JPEN 13:16S, 1989
(abstract)

Powell C, Regan C, Fabri PJ, Ruberg RL: Evaluation of
opsite catheter dressings for parenteral nutrition, a prospec-
tive, randomized trial. JPEN 6:43-46, 1982

Anderson PT, Herlevsen P, Schaumburg H: A comparative
study of ‘Op-site’ and ‘nobecutan gauze® dressings for central
venous line care. J Hosp Infect 7:161-168, 1986

Conly JM, Grieves K, Peters B: a prospective, randomized
study comparing transparent and dry gauze dressings for
central venous catheters. J Infect Dis 159:310-319, 1989
Hoffman KK, Weber DJ, Samsa GP, Rutala WA: Transparent
polyurethane film as an intravenous catheter dressing. JAMA
267:2072-2076, 1992

Powell CR, Tractow MJ, Fabri PJ, et al: Op-site dressing
study: a prospective randomized study evaluating povidone-
iodine ointment and extension set changes with 7-day Op-site
dressings applied to total parenteral nutrition subclavian sites.
JPEN 9:443-446, 1985

Hashal VL, Jr, Ause RG, Hoskins PA: Fibrin sleeve forma-
tion on indwelling subclavian central venous catheters. Arch
Surg 102:353-358, 1971

Cassidy FP, Zajko AB, Bron KM, Reilly JJ, Peitzman AB,
Steel DL: Noninfectious complications of long-term central
venous catheters: Radiologic evaluation and management.
Am J Radiol 149:671-675, 1987

Burt ME, Dunnick NR, Drudy AG, Maher MM, Brennan
MF: Prospective evaluation of subclavian vein thrombosis
during total parenteral nutrition by contrast venography. Clin
Res 20:264A, 1981 (abstract)

Bozzetti F, Scarpa D, Terno G, Scotti A, Ammatuna M,
Bonalumi MG, Ceglia E: Subclavian venous thrombosis due
to indwelling catheters: A prospective study on 52 patients.
JPEN 7:560-562, 1983

Fabri PJ, Mirtalo JM, Ruberg RL, Kudsk KA, Denning DA,
Ellison C, Schaffer P: Incidence and prevention of thrombosis
of the subclavian vein during total parenteral nutrition. Surg
Gynecol Obstet 155:238-240, 1982

Buchman AL, Misra S, Moukarzel A, Ament ME: Catheter
thrombosis and superior/inferior vena cava syndrome are rare
complications of long term parenteral nutrition. Clin Nutr
13:356-360, 1994

Beers TR, Burnes J, Fleming CR: Superior vena caval ob-

13



struction in patients with gut failure receiving home paren-
teral nutrition. JPEN 14:474-479, 1990

57. Schmidt-Sommerfeld E, Snyder G, Rossi TM, Lebenthal E:
Catheter-related complications in 35 children and adolescents
with gastrointestinal disease on home parenteral nutrition.
JPEN 14:148-151, 1990

58. McCulloch I, Pennington CR: Intracardiac thrombus compli-
cating prolonged parenteral nutrition in an adult. JPEN
13:557-559, 1989

60. Chamsi-Pasha H, Irving MH: Right atrial thrombus, a com-
plication of total parenteral nutrition in an adult. Br Med J
295:308, 1987

61. Dollery CM, Sullivan ID, Bauraind O, Bull C, Mila PJ:
Thrombosis and embolism in long-term central venous access
for parenteral nutrition. Lancet 344:1043-1045, 1994

62. Mailloux RJ, DeLegge MH, Kirby DF: Pulmonary embolism
as a complication of long-term total parenteral nutrition.
JPEN 17:578-582, 1993

63. Leiby JM, Purcell H, DeMaria JJ, Kraut EH, Sagone AL,
Metz EN: Pulmonary embolism a result of Hickman catheter-
related thrombosis. Am J Med 86:228-231, 1989

64. Bern MM, Bothe a, Bistrian BR, Champagne CD, Keane MS,
Blackburn GL: Prophylaxis against central venous vein
thrombosis with low dose warfarin. Surgery 99:216-221, 1986

65. Bern MM, Lokich JJ, Wallach SR, Bothe A Jr, Benotti PN,
Arkin CF, Greco FA, Huberman M, Moore C: Very low dose
warfarin can prevent thrombosis in central venous catheters.
Ann Intern Med 112:423-428, 1990

66. Wessler T, Gittel SN, Bank H, Martinowitz U, Stephenson
RC: An assay of the antithrombotic action of warfarin. Its
correlation with the inhibition of stasis thrombosis in rabbits.
Thromb Haemost 40:486-496, 1978

67. Bertina RM, Westhoek-Kuipers MEJ, Alderkamp GHJ: The
inhibitor of prothrombin conversion in plasma of patients on
oral anticoagulant treatment. Thromb Haemost 45:237-241,
1981

68. Gittel SN, Wessler S: Dose-dependent antithrombotic effect
of warfarin in rabbits. Blood 61:435-438, 1983

68a.Gould JR, Carloss HW, Skinner WL: Groshong catheter-
associated subclavian thrombosis. Am J Med 95:419-423,
1993

69. Veerabagu MP, Tuttle-Newhall J, Maliakkal R, Champagne
C, Mascioli EA: Warfarin and reduced central venous throm-
bosis in home total parenteral nutrition patients. Nutrition
11:142-144, 1995

69a.Asherson RA, Cervera R: ‘Primary,” ‘secondary,” and other
variants of the antiphospholipid syndrome. Lupus 3:293-298,
1994

70. Lutomski DM, Palascak JE, Bower RH: Warfarin resistance
associated with intravenous lipid administration. JPEN
11:316-318, 1987

70a.Kumar A, Abell TL, Voeller G, Werkman R, Smalley R,
Duncan U, Dugdale M, Taylor J: Is thrombosis of central
venous access in idiopathic upper GI dysmotility related to
the presence of circulating auto-antibodies? Gastroenterology
108:A734, 1995 (abstract)

71. Griffith GC, Nichols G, Asher JD, Flanaghan B: Heparin
osteoporosis. JAMA 193:85-88, 1965

71a.Den Heijer M, Blom HJ, Gerrits WBJ, Rosendaal FR, Haak
HL, Wjermans PW, Bos GMIJ: Is hyperhomocysteinaemia a
risk factor for recurrent venous thrombosis? Lancet 345:882—
885, 1995

14

BUCHMAN

72. Johnson OL, Washington C, Davis SS, Schaupp K: The de-
stabilization of parenteral feeding emulsions by heparin. Int
J Pharm 53:237-240, 1989

72a.High KA: Antithrombin III, protein C, and protein S. Arch
Pathol Lab Med 112:28-36, 1988

73. Buchman AL: Handbook of Nutritional Support. Philadel-
phia, Williams and Wilkins, 1997 pp 46-47

73a.Aderka D, Brown A, Zelikovski A, Pinkhas J: Idiopathic deep
vein thrombosis in an apparently healthy patient as a premon-
itory sign of occult cancer. Cancer 57:1846-1849, 1986

74. Moreno JM, Valero MA, Gomis P, Leon-Sanz M: Central
venous catheter occlusion in home parenteral nutrition pa-
tients. Clin Nutr 17:35-36, 1998 (letter)

75. Glynn MFX, Langer B, Jeejeebhoy KN: Therapy for throm-
botic occlusion of long-term intravenous alimentation cathe-
ters. JPEN 4:387-390, 1980

75a.Haire WD, Lieberman RP: Thrombosed central venous cath-
eters: restoring function with 6-hour urokinase infusion after
failure of bolus urokinase. JPEN 16:129-132, 1992

75b.Atkinson JB, Bagnall HA, Gomperts E: Investigational use of
tissue plasminogen activator (t-PA) for occluded central ve-
nous catheters. JPEN 14:310-311, 1990

76. Stephens LC, Haire WD, Kotulak GD: Are clinical signs
accurate indicators of the cause of central venous catheter
occlusion? JPEN 19:75-79, 1995

76a.Pithie AD, Pennington CR: The incidence, aetiology and
management of central venous catheter thrombosis during
parenteral nutrition. Clin Nutr 6:151-153, 1987

76b.Messing B, Landais P, Goldfarb B, Irving M: Complications
and management of implanted venous access catheters. J Clin
Onc 3:710-717, 1985

76c.O’Hanrahan T, Irving MH: The role of home parenteral
nutrition in the management of intestinal failure-report of 400
cases. Clin Nutr 11:331-336, 1992

76d.Lokich JJ, Bothe A Jr, Benotti P, Moore C: Complications
and management of implanted venous access catheters. J Clin
Oncol 3:710-717, 1985

77. Johnson RL, Lieberman RP, Kaplan PA, Haire WD: Silicone
rubber catheter venography using standard angiographic tech-
niques. Cardiovasc Interventional Radiol 11:45-49, 1988

78. Cassidy FP, Zajiko AB, Bron KM, Reilly JJ, Peitzman AB,
Stead DL: Noninfectious complications of long-term central
venous catheters: radiologic evaluation and management.
AJR 149:671-675, 1987

79. Breaux CW, Duke D, Georgeson KE, Mestre JR: Calcium
phosphate crystal occlusion of central venous catheters used
for total parenteral nutrition in infants and children: preven-
tion and treatment. J Pediatr Surg 22:829-832, 1987

80. Shulman RJ, Reed T, Pitre D, Laine L: Use of hydrochloric
acid to clear obstructed central venous catheters. JPEN
12:509-510, 1988

81. Pennington CR, Pithie AD: Ethanol lock in the management
of catheter occlusion. JPEN 11:507-508, 1987

82. Werlin SL, Lausten T, Jessen S, Toy L, Norton a, Dallman L,
Bender J, Sabilan L, Rutkowski D: Treatment of central
venous catheter occlusions with ethanol and hydrochloric
acid. JPEN 19:416-418, 1995

83. Sando K, Fujii M, Tanaka K, Chen K, Yoshida H, Iiboshi Y,
Nezu R, Konishi K, Takagi Y, Okada A: Lock method using
sodium hydroxide solution to clear occluded central venous
access devices. Clin Nutr 16:185-188, 1997

84. Johnston DA, Walker K, Richards J, Pennington CR: Ethanol

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)



HOME TPN COMPLICATIONS

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

flush for the prevention of catheter occulsion. Clin Nutr
11:97-100, 1992

Beau P, Matchuchansky C: Lipid delivery and catheter ob-
struction during cyclic total parenteral nutrition. Lancet
2:1095-1096, 1987

Messing B, Beiiah M, Giarard-Papau F, LeLeve D, Bernier
JJ: Technical hazards of using nutritive mixes in bags for cyclic
parenteral nutrition in 48 gastroenterological patients. Gut
23:297-303, 1982

Buchman AL, Moukarzel A, Ament ME, Gornbein J, Good-
son B, Carlson C, Hawkins RA: Serious renal impairment is
associated with long-term parenteral nutrition. JPEN 17:438—
444, 1993

Moukarzel AA, Ament ME, Buchman AL, Dahlstrom KA,
Vargas J: Renal function of children receiving long-term
parenteral nutrition. J Pediatr 119:864-868, 1991

Graf H, Stummuoli HK, Luger A, Prager R: Effect of amino
acid infusion on glomerular filtration rate. N Engl J Med
308:159-160, 1983 (letter)

Cochran ST, Pagani JJ, Barbaric ZL: Nephromegaly in hy-
peralimentation. Radiology 130:603-606, 1979

Moukarzel A, Song MK, Buchman AL, Vargas J, Guss W,
McDiarmid S, Reyen L, Ament ME: Excessive chromium
intake in children receiving total parenteral nutrition. Lancet
339:385-388, 1992

Buchman AL, Moukarzel A, Ament ME: The role of chro-
mium and cadmium toxicity in TPN-induced nephropathy.
J Clin Nutr Gastroenterol 7:39-41, 1992

Buchman AL, Moukarzel AA, Ament ME: Excessive urinary
oxalate excretion occurs in long-term TPN patients both with
and without ileostomies. J Am Coll Nutr 14:24-28, 1995
Rockwell G, Nelson B, Campfield T, McCool D, Hamilton S,
Uden P: Oxalogenesis in neonatal nutrition solutions. JPEN
21:S8, 1997 (abstract)

Casaubon PR, Dahlstrom KA, Vargas J, Hawkins R, Mogard
M, Ament ME: Intravenous fat emulsion (Intralipid) delays
gastric emptying, but does not cause gastroesophageal reflux
in healthy volunteers. JPEN 13:246-248, 1989

MacGregor IL, Wiley ZD, Lavigne ME, Way LW: Slowed
rate of gastric emptying of solid food in man by high caloric
parenteral nutrition. Am J Surg 138:652-654, 1979

Kotler DP, Levine GM: Reversible gastric and pancreatic
hyposecretion after long-term total parenteral nutrition.
N Engl J Med 300:241-242, 1979

Buchman AL, Moukarzel AA, Bhuta S, Belle M, Ament ME,
Eckhert C, Holander D, Gornbein J, Kopple J, Vijayarogha-
van SR: Parenteral nutrition is associated with intestinal mor-
phologic and functional changes in humans. JPEN 19:453—
460, 1995

Guedon C, Schmitz, Lerebours E, Metayer J, Audran E,
Hemet J, Colin R: Decreased brush border hydrolase activi-
ties without gross morphologic changes in human intestinal
mucosa after prolonged total parenteral nutrition in adults.
Gastroenterology 90:373-378, 1986

Van der Hulst RRWJ, van Kreel BK, yon Meyenfeldt MF,
Brummer RJM, Arends JW, Deutz NEP, Soeters PB: Glu-
tamine and the preservation of gut integrity. Lancet 341:1363—
1365, 1993

Sedman PC, MacFie J, Palmer MD, Mitchell CJ, Sagar PM:
Preoperative total parenteral nutrition is not associated with
mucosal atrophy or bacterial translocation in humans. Br J
Surg 82:1663-1667, 1995

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Knudsen KB, Bradley EM, Lecocq FR, Bellamy HM, Welsh
JD: Effect of fasting and refeeding on the histology and
disaccharidase activity of the human intestine. Gastroenterol-
ogy 55:46-51, 1968

Adibi SA, Allen ER: Impaired jejunal absorption rates of
essential amino acids induced by either dietary, caloric or
protein deprivation in man. Gastroenterology 59:404-413,
1970

Tompkins, RK, Waisman J, Watt CMH, Corlin R, Keith R:
Absence of mucosal atrophy in human small intestine after
prolonged isolation. Gastroenterology 73:1406-1409, 1977
Buchman AL, Meztecky J, Moukarzel AA, Ament ME: In-
testinal immune function is unaffected by parenteral nutrition
in man. JACN 14:656-661, 1995

Van der Hulst RRWJ, yon Meyenfeldt MF, Tiebosch A,
Buurman WA, Soeters PB: Glutamine and intestinal immune
cells in humans. JPEN 21:310-315, 1997

Shike M, Harrison JE, Sturtridge WC, Tam CS, Bobechko
PE, Jones G, Murray TM, Jeejeebhoy KN: Metabolic bone
disease in patients receiving long-term total parenteral nutri-
tion. Ann Intern Med 92:343-350, 1980

Klein GL, Ament ME, Bluestone R, Norman AW, Targoff
CM, Sherrard DJ, Young JH, Coburn JW: Bone disease
associated with total parenteral nutrition. Lancet 2:1041-
1044, 1980

Klein GL, Horst RL, Norman AW, Ament ME, Slatopolsky
E, Coburn JW: Reduced serum levels of 1a,25-dihydroxyvi-
tamin D during long-term total parenteral nutrition. Ann
Intern Med 94:638-643, 1981

Bengoa JM, Sitrin MD, Wood RJ, Rosenberg IH: Amino
acid-induced hypercalciuria in patients on total parenteral
nutrition. Am J Clin Nutr 38:264-269, 1983

Wood RIJ, Bengoa JM, Sitrin MD, Rosenberg IH: Calciuretic
effect of cyclic versus continuous total parenteral nutrition.
Am J Clin Nutr 41:614-619, 1985

DeFonzo RA, Cooke CR, Andes R, Faloona GR, Davis PJ:
The effect of insulin on renal handling of sodium, potassium,
calcium, and phosphate in man. J Clin Invest 55:845-855,
1975

Wood RJ, Sitrin MD, Cusson GJ, Rosenberg IH: Reduction
of total parenteral nutrition-induced urinary calcium loss by
increasing the phosphorus in the total parenteral nutrition
prescription. JPEN 10:188-190, 1986

Rudman D, Milliken WJ, Richardson TJ, Bixler TJ II, Stack-
house J, McGarrity WC: Elemental balances during intrave-
nous hyperalimentation of underweight of underweight adult
subjects. J Clin Invest 55:94-104, 1974

Karton MA, Rettmer R, Lipkin EW, Ott SM, Chait A:
D-Lactate and metabolic bone disease in patients receiving
long-term parenteral nutrition. JPEN 13:132-135, 1989
Lemann J Jr, Litzow JR, Lennon EJ: The effects of chronic
acid loads in normal man: Further evidence for the partici-
pation of bone mineral in the defense against chronic meta-
bolic acidosis. J Clin Invest 45:1608-1614, 1966

Lemann J Jr, Litzow JR, Lennon EJ: Studies of the mecha-
nism by which chronic metabolic acidosis augments urinary
calcium excretion in man. J Clin Invest 46:1318-1328, 1967
Cunningham J, Fraher LJ, Clemens TL, Revell PA, Papapou-
los SE: Chronic acidosis with metabolic bone disease. Am J
Med 73:199-204, 1982

Saitta JC, Lipkin EW, Howard GA: Acetate inhibition of

15



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

16

chick bone cell proliferation and bone growth in vitro. J Bone
Min Res 4:379-386, 1989

Berkelhammer CH, Wood RJ, Sitrin MD: Acetate and hy-
percalciuria during total parenteral nutrition. Am J Clin Nutr
48:1482-1489, 1988

Klein GL, Alfrey AC, Miller NL, Sherrard DJ, Hazlet TK,
Ament ME, Coburn JW: Aluminum loading during total
parenteral nutrition. Am J Clin Nutr 35:1425-1429, 1982
Ott SM, Maloney NA, Klein GL, Alfrey AC, Ament ME,
Coburn JW, Sherrard DJ: Aluminum is associated with low
bone formation in patients receiving chronic parenteral nu-
trition. Ann Intern Med 98:910-914, 1983

Vargas JH, Klein GL, Ament ME, Ott SM, Sherrard DJ,
Horst RL, Berquist WE, Alfrey AC, Slatopolsky E, Coburn
JW: Metabolic bone disease of parenteral nutrition: course
after changing from casein to amino acids in parenteral solu-
tions with reduced aluminum content. Am J Clin Nutr
48:1070-1078, 1988

Lipkin EW, Ott SM, Klein GL: Heterogeneity of bone histol-
ogy in parenteral nutrition patients. Am J Clin Nutr 46:673—
680, 1987

Koo W, Kaplan LA, Horn J, Tsang RC, Steichen JJ: Alumi-
num in parenteral nutrition solution sources and possible
alternatives. JPEN 10:591-595, 1986

Heyman MB, Klein GL, Wong a, Recker RR, Tyrell JB,
Alfrey AC, Sherrard D.J, Hohn DC: Aluminum does not
accumulate in teenagers and adults on prolonged parenteral
nutrition containing free amino acids. JPEN 10:86—-87, 1986
Saitta JC, Ott SM, Sherrard DJ, Walden CE, Lipkin EW:
Metabolic bone disease in adults receiving long-term paren-
teral nutrition: longitudinal study with regional densitometry
and bone biopsy. JPEN 17:214-219, 1993

Moukarzel A, Ament ME, Vargas J, McDiarmid S, Reyen L,
Najm I, Guss W: Non aluminum dependent osteopathy in
children on long term parenteral nutrition. Am J Clin Nutr
51:5208, 1990 (abstract)

Foldes J, Rimon B, Muggia-Sullam M, Gimmon Z, Leichter I,
Steinberg R, Menczel J, Freund HR: Progressive bone loss
during long-term home total parenteral nutrition. JPEN
14:139-142, 1990

Staun M, Yjellesen L, Thale M, Rannem T, Schaadt O,
Jarnum S: Bone mineral content in patients on home paren-
teral nutrition. Clin Nutr 13:351-355, 1994

Moukarzel AA, Buchman AL, Vargas J, Baron HI, Ament
ME: Is fluoride deficiency related to the bone disease of
parenteral nutrition? Gastroenterology 102:A568, 1992 (ab-
stract)

Shike M, Shils ME, Heller A, Alcock N, Vigorita V, Brock-
man R, Holick MF, Lane J, Flombaum C: Bone disease in
prolonged parenteral nutrition: osteopenia without mineral-
ization defect. Am J Clin Nutr 44:89-98, 1986

Podenphant J, Johansen JS, Thomsen K, Riis BJ, Leth A,
Christiansen C: Bone turnover in spinal osteoporosis. J Bone
Min Res 2:497-503, 1987

Lipkin EW, Ott SM, Klein GL, Deftos LJ: Serum markers of
bone formation in parenteral nutrition patients. Calcif Tiss
Int 47:75-81, 1990

Verhage AH, Cheong WK, Allard JP, Jeejeebhoy KN: In-
crease in lumbar spine bone mineral content in patients on
long-term parenteral nutrition without vitamin D supplemen-
tation. JPEN 19:431-436, 1995

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

BUCHMAN

Penden VH, Witzeleben CL, Skelton MA: Total parenteral
nutrition. J Pediatr 78:180-181, 1971

Cavicchi M, Crenn P, Beau P, Degott C, Boutron MC, Mess-
ing B: Severe liver complications associated with long-term
parenteral nutrition are dependent on lipid parenteral input.
Clin Nutr 17:S18, 1998 (abstract)

Chan S, Mc Cowen KC, Bistrian BR, Thibault A, Keane-
Ellison M, Forse RA, Babineau T, Burke P: Incidence, prog-
nosis, and etiology of end-stage liver disease in patients re-
ceiving home parenteral nutrition. Surgery 126:28-34, 1999
Sax HC, Talamini MA, Brackett K, Fischer JE: Hepatic
steatosis in parenteral nutrition: Failure of fatty infiltration to
correlate with abnormal serum hepatic enzyme levels. Surgery
100:697-704, 1986

Grant JP, Cox CE, Kleinman LM, Mahrer MM, Pittman MA,
Tangrea JA, Brown JH, Gross E, Beazley RM, Jones RS:
Serum hepatic enzyme and bilirubin elevations during paren-
teral nutrition. Surg Gynecol Obstet 145:573-580, 1977
Robertson JFR, Garden OJ, Shenkin A: Intravenous nutri-
tion and hepatic dysfunction. JPEN 10:172-176, 1986

Host WR, Serlin O, Rush BF: Hyperalimentation in cirrhotic
patients. Am J Surg 123:57-62, 1972

Baker AL, Rosenberg IH: Hepatic complications of total
parenteral nutrition. Am J Med 82:489-497, 1987

Sheldon GF, Peterson SR, Sander R: Hepatic dysfunction
during hyperalimentation. Arch Surg 113:504-508, 1978
Buchman AL, Dubin M, Jenden D, Moukarzel A, Roch MH,
Rice K, Gornbein J, Ament ME, Eckhert C: Lecithin in-
creases plasma free choline and decreases hepatic steatosis in
long-term total parenteral nutrition patients. Gastroenterol-
ogy 102:1363-1370, 1992

Chambier C, Lemann M, Vahedi K, Boncompain-Gerard M,
Robert D, Bouletreau P, Messing B: Chronic cholestasis in
patients supported by prolonged parenteral nutrition. JPEN
22:S16, 1998 (abstract)

Stanko RT, Nathan G, Mendelow H, Adibi SA: Development
of hepatic cholestasis and fibrosis in patients with massive loss
of intestine supported by prolonged parenteral nutrition. Gas-
troenterology 92:197-208, 1987

Cavicchi M, Crenn P, Beau P, Degott C, Boutron MC, Mess-
ing B: Severe liver complications associated with long-term
parenteral nutrition are dependent on lipid parenteral input.
Gastroenterology 112:A864, 1997 (abstract)

Craig RM, Neumann T, Jeejeebhoy KN, Yokoo H: Severe
hepatocellular reaction resembling alcoholic hepatitis with
cirrhosis after massive small bowel resection and prolonged
total parenteral nutrition. Gastroenterology 79:131-137, 1980
Rabeneck L, Freeman H, Owen D: Death due to TPN-related
liver failure. Gastroenterology 86:1215,1984 (abstract)
Bowyer BA, Fleming CR, Ludwig J, Petz J, McGill DB: Does
long-term home parenteral nutrition in adult patients cause
chronic liver disease? JPEN 9:11-17, 1985

Powell EE, Cooksley WGE, Hanson R, Searle J, Halliday JW,
Powel LW: The natural history of nonalcoholic steatohepati-
tis: A follow-up study of forty-two patients for up to 21 years.
Hepatology 11:74-80, 1990

Lowry SF, Brennan MF: Abnormal liver function during
parenteral nutrition: relation to infusion excess. J Surg Res
26:300-307, 1979

Meguid MM, Akahoshi MP, Jeffers S, Hayashi RJ, Hammond
WG: Amelioration of metabolic complications of conven-

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)



HOME TPN COMPLICATIONS

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

tional total parenteral nutrition. Arch Surg 119:1294-1298,
1984

Langer B, McHattie JD, Zohrab W], Jeejeebhoy KN: Pro-
longed survival after complete bowel resection using intrave-
nous alimentation at home. J Surg Res 15:226-233, 1973
McDonald ATJ, Philips MJ, Jeejeebhoy KN: Reversal of fatty
liver by Intralipid in patients on total parenteral nutrition.
Gastroenterology 64:885, 1973 (abstract)

Reif S, Tano M, Oliverio R, Young C, Rossi T: Total paren-
teral nutrition-induced steatosis: Reversal by parenteral lipid
infusion. JPEN 15:102-104, 1991

Holman RT: The ratio of the trienoic:tetrenoic acid in tissue
lipids as a measure of essential fatty acid requirements. J Nutr
70:405-410, 1960

Bowyer BA, Miles JM, Haymond MW, Fleming CR: L-
Carnitine therapy in home parenteral nutrition patients with
abnormal liver tests and low plasma carnitine concentrations.
Gastroenterology 94:434-438, 1988

Lave T, Lutz O, Frey A, Ehret C, Bach AC: Carnitine sup-
plementation and fat emulsion clearance and utilization. In-
fusiontherapie 15:152-157, 1988

Buchman AL, Dubin MD, Moukarzel AA, Jenden DJ, Roch
M, Rice K, Gornbein J, Ament ME: Choline deficiency: A
cause of hepatic steatosis during parenteral nutrition that can
be reversed with intravenous choline supplementation. Hepa-
tology 22:1399-1404, 1995

Chawla RK, Wolf DC, Kutner MH, Bonkovsky HL: Choline
may be an essential nutrient in malnourished patients with
cirrhosis. Gastroenterology 97:1514-1520, 1989

Burt ME, Hanin I, Brennan MF: Choline deficiency associ-
ated with parenteral nutrition. Lancet 1:638-639, 1980
Buchman AL, Moukarzel A, Jenden DJ, Roch M, Rice K,
Ament ME: Hepatic transaminase abnormalities are associ-
ated with low plasma free choline in patients receiving long
term parenteral nutrition. Clin Nutr. 12:33-37, 1993

Yao Z, Vance DE: The active synthesis of phosphatidylcho-
line is required for very low density lipoprotein secretion from
rat hepatocytes. J Biol Chem 263:2998-3004, 1988
Lombardi B, Ugazio G, Raick AN: Choline-deficiency-fatty
liver: Relation of plasma phospholipids to liver triglycerides.
Am J Physiol 210:31-36, 1968

Buchman AL, Sohel M, Dubin M, JendenDJ, Roch M: Cho-
line-supplemented TPN reverses hepatic morphologic abnor-
malities and liver test abnormalities in long-term home TPN
patients: A placebo-controlled trial. Clin Nutr (in press) (ab-
stract)

Jobert A, Colomb V, Goulet O, Fournet JC, Lacaille F,
Corriol O, Ricour C: Cholestasis associated with parenteral
nutrition in children: role of lipid emulsions. Clin Nutr 16:S51,
1997 (abstract)

Vileisis RA, Sorensen K, Gonzalez-Crussi F, Hunt CE: Liver
malignancy after parenteral nutrition. J Pediatr 100:88-90,
1982

Ghoshal AK, Farber E: The induction of liver cancer by
dietary deficiency of choline and methionine without added
carcinogens. Carcinogenesis 5:1367-1370, 1984

Yokoyama S, Sells MA, Reddy TV, Lombardi B: Hepatocar-
cinogenic and promoting action of a choline-devoid diet in the
rat. Cancer Res 45:2834-2842, 1985

Fell JME, Reynolds AP, Meadows N, et al: Manganese tox-
icity in children receiving long-term parenteral nutrition. Lan-
cet 347:1218-1221, 1996

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Beath SV, Gopalan S, Booth IW: Manganese toxicity and
parenteral nutrition. Lancet 347:1773-1774, 1996 (letter)
Clayton PT, Bowron A, Mills KA, Massoud A, Casteels M,
Milla PJ: Phytosterolemia in children with parenteral nutri-
tion-associated liver disease. Gastroenterology 105:1806—
1813, 1993

Degott C, Messing B, Moreau D, Chazouilleres O, Paris R,
Colambel JF, Lebrec D, Potet F, Feldman G, Benamou JP:
Liver phospholipidosis induced by parenteral nutrition: histo-
logic, histochemical, and ultrasound investigation. Gastroen-
terology 95:183-191, 1988

Gleghorn EE, Merritt RJ, Subramanian N, Ramos A: Phe-
nobarbital does not prevent total parenteral nutrition-induced
cholestasis in noninfected neonates. JPEN 10:282-283, 1986
Spurr SG, Grylack LJ, Mehta NR: Hyperalimentation-
associated neonatal cholestasis: Effect of oral gentamicin.
JPEN 13:633-636, 1989

Cocjin J, Vanderhal A, Sehgal S, Rosenthal P: Ursodeoxy-
cholic acid therapy for total parenteral nutrition-associated
cholestasis in the neonate. Gastroenterology 104:A615, 1993
(abstract)

Spagnuolo MI, Iorio R, Vegnente A, Guarino A: Ursodeoxy-
cholic acid for treatment of cholestasis in children on long-
term total parenteral nutrition: A pilot study. Gastroenterol-
ogy 111:716-719, 1996

Lindor KD, Burnes J: Ursodeoxycholic acid for the treatment
of home parenteral nutrition-associated cholestasis. Gastro-
enterology 101:250-253, 1991

Beau P, Labat-Labourdette J, Ingrand P, Beauchant M: Is
ursodeoxycholic acid an effective therapy for total parenteral
nutrition-related liver disease? J Hepatol 20:240-244, 1994
Teitelbaum DH, Han-Markey TH, Drongowski RA, Coran
AG, Bayer B, Geiger JD, Uitvlugt N, Schork AM: Use of
cholecystokinin to prevent the development of parenteral
nutrition-associated cholestasis. JPEN 21:100-103, 1997
Roslyn JJ, Pitt HA, Mann LL, Ament ME, DenBesten L:
Gallbladder disease in patients on long-term parenteral nu-
trition. Gastroenterology 84:148-154, 1983

Flati G, Flati D, Jonsson PE, Porowska B, Tuscano D,
Amicucci G, Negro P, Carboni M: Role of cholesterol and
calcium bilrubinate crystals in acute postoperative acalculous
cholecystitis. Ital J Surg Sci 14:333-336, 1984

Deitch EA, Engel JM: Acute acalculous cholecystitis. Am J
Surg 142:290-292, 1983

Gullick HD: Roetgenologic study of gallbladder following
nonbiliary tract surgery. Ann Surg 151:403-408, 1960
Warner BW, Hamilton FN, Silberstein EB, Gaskill M, Teague
D, Bowder RH, Fischer JE: The value of hepatobiliary scans
in fasted patients receiving total parenteral nutrition. Surgery
102:595-601, 1987

Schuman WP, Gibbs P, Rudd TG, Mack LA: PIPIDA scin-
tigraphy for cholecystitis: False positive in alcoholism and
total parenteral nutrition. Surgery 102:595-601, 1987
Flancbaum L, Alden SM: Morphine cholescintigraphy. Surg
Gynecol Obstet 171:227-232, 1990

Messing B, Bories C, Kunstlinger F, Bernier JJ: Does total
parenteral nutrition induce gallbladder sludge formation and
lithiasis? Gastroenterology 84:1012-1019, 1983

Messing B, Aprahamian M, Rautureau M, Baries C, Bisalli a,
Stock-Damge S: Gallstone formation during total parenteral
nutrition: a prospective study in man. Gastroenterology
86:1183, 1984 (abstract)

17



192.

193.

194.

195.

196.

197.

198.

199.

18

Roslyn JJ, Denbesten L, Pitt HA, Kuchenbecker S, Polarek
JW: Effect of cholecystokinin on gallbladder stasis and cho-
lesterol gallstone formation. J Surg Res 30:200-204, 1981
Mashako MNK, Cezard JP, Boige N, Chayvialle JA, Bernard
C, Navarro J: The effect of artificial feeding on cholestasis,
gallbladder sludge and lithiasis in infants: Correlation with
plasma cholecystokinin levels. Clin Nutr 10:320-327, 1991
Allen B, Bernhoft R, Blanckaert N, Svanvik J, Filly R, Good-
ing G, Way L: Sludge is calcium bilirubinate associated with
bile stasis. Am J Surg 141:51-56, 1981

Pitt HA, Berquist WE, Mann LL, Porter-Fink V, Fonkalsrud
EW, Ament ME, DenBesten L: Parenteral nutrition induces
calcium bilirubinate gallstones. Gastroenterology 84:1274,
1983 (abstract)

O’Brien CB, Berman JM, Fleming CR, Malet PF, Soloway
RD: Total parenteral nutrition gallstones contain more cal-
cium bilirubinate than sickle cell gallstones. Gastroenterology
90:1752, 1986 (abstract)

Stewart L, Smith L, Pellegrini CA, Matson RW, Way LW:
Pigment gallstones form as a composite of bacterial micro-
colonies and pigment solids. Ann Surg 206:242-250, 1987
Doty JE, Pitt HA, Porter-Fink V, Denbesten L. Cholecysto-
kinin prophylaxis of parenteral nutrition-induced gallbladder
disease. Ann Surg 201:76-80, 1985

Sitzman JV, Pitt HA, Steinborn PA, Pasha ZR, Sanders RC:
Cholecystokinin prevents parenteral nutrition induced biliary
sludge in humans. Surg Gynecol Obstet 170:25-31, 1990

200.

201.

202.

203.

204.

205.

206.

207.

BUCHMAN

Apelgren KN, Willard DA, Vargish T: TPN alters gallbladder
responsitivity to cholecystokinin. JPEN 12:11S, 1988 (abstract)
Dawes LG, Muldoon JP, Greiner MA, Bertolotti M: Chole-
cystokinin increases bile acid synthesis with total parenteral
nutrition but does not prevent stone formation. J Surg Res
67:84-89, 1997

de Boer SY, Masclee AAM, Lam WF, Jansen JBMJ, Lamers
CBHW: Intravenous amino acids stimulate gallbladder con-
traction. Gastroenterology 104:A358, 1993 (abstract)
Kalfarentzos F, Vagenas C, Michail A, et al: Gallbladder
contraction after administration of intravenous amino acids
and long-chain triacylglycerols in humans. Nutrition 7:347-
349, 1991

Doty JE, Pitt HA, Porter-Fink V, Denbesten L: The effect of
intravenous fat and total parenteral nutrition on biliary phys-
iology. JPEN 8:263-268, 1984

Priori P, Lezzilli R, Panuccio D, Nardi R, Gullo L: Stimula-
tion of gallbladder emptying by intravenous lipids. JPEN
21:350-352, 1997

Guedon C, Ducrotte P, Chayvialle JA, Lerebours E, Denis P,
Colin R: Effect of intravenous and intraduodenal fat on
jejunal motility and on plasma cholecystokinin in man. Dig
Dis Sci 33:558-564, 1988

Broughton G, Fitzgibbons RJ Jr, Geiss RW, Adrian TE,
Anthone G: IV chenodeoxycholate prevents calcium bilirubi-
nate gallstones during total parenteral nutrition in the prairie
dog. JPEN 20:187-193, 1996

Digestive Diseases and Sciences, Vol. 46, No. 1 (January 2001)



