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Nine years' experience with total parenteral nutrition and fluid/ 
electrolyte therapy in the home are reviewed. A total of 110 patients 
could not maintain adequate nutrition, hydration, and/or electro-
lyte balance due to inadequate bowel length or absorption. Nutri-
tion, clinical examination, and blood studies were corrected, and 
the patient was instructed in catheter care, fluid compounding and 
administration, self-monitoring, and management of complica-
tions. They were out of the hospital during 90% of their involve-
ment in the program; readmissions were primarily related to 
underlying disease rather than complications. Home parenteral 
therapy can reduce or eliminate hospitalization for many patients 
and may allow return to a near-normal life style. 
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Home parenteral therapy (HPT), including home par-
enteral nutrition (HPN) and home fluid/electrolyte ther-
apy (HFE), is a means of providing adequate nutrition and 
hydration in patients with compromised gastrointestinal 
(GI) tract function.1-9 HPT is used for a variety of diseases 
resulting in insufficient bowel length and/or abnormal 
intestinal absorption which render the GI tract incompe-
tent.10-16 The advent of HPT has allowed successful man-
agement of patients in the home for those diseases which 
otherwise would have resulted in repeated or prolonged 
hospitalization for correction of nutritional, fluid, and elec-
trolyte imbalances. Prolonged venous access for adminis-
tration of customized nutrient and electrolyte solutions is 
achieved through the use of a Silastic right atrial cathe-
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Table 1. H o m e parentera l therapy ( H P T ) pat ient data 

No. of 
patients 

% of total 
HPT patients Mean 

Age (yr) 

Range Male 

Sex 

Female 

Crohn's disease 37 33 37 18-64 16 21 
Radiation enteritis 24 22 56 40-73 6 18 
Mesenteric vascular infarction 13 11 51 15-64 10 3 
Small-bowel obstruction secondary 9 8 52 28-70 3 6 

to cancer 
Ulcerative colitis involving the mu- 4 4 37 14-69 3 1 

cosa of other regions 
Esophagitis secondary to bone mar- 4 4 23 19-32 3 1 

row transplant 
Small-bowel obstruction 4 4 53 40-65 2 2 
Pseudo-obstruction 3 3 57 45-71 2 1 
Malabsorption syndrome 3 3 53 37-66 2 1 
Scleroderma of the GI tract 2 2 55 46-63 0 2 
Gardner's syndrome (familial poly- 2 <2 38 28-48 1 1 

posis) 
Hirschsprung's disease 1 <1 39 0 1 
Diverticulitis 1 <1 66 0 1 
Congenital malrotation of the intes- 1 <1 22 1 0 

tine 
Sclerosing cholangitis 1 <1 35 1 0 
Toxic megacolon 1 <1 17 1 0 

T O T A L S 110 100 43 14-73 51 59 

ter.17-21 Complete instruction of the patient and 
family in aseptic technique for catheter care and 
admixture and administration of parenteral so-
lutions is mandatory. Continued success at home 
depends on regular patient follow-up and moni-
toring and compliance with the program.22 The 
purpose of this nine-year retrospective study was 
to describe the HPT patient population at The 
Cleveland Clinic Foundation (CCF) to evaluate 
their clinical course and to determine the efficacy 
of the program. 

Materials and methods 
A total of 110 patients were discharged on 

HPN or HFE from January 1976 through De-
cember 1984 (Table 1). There were 51 males and 
59 females in this group, with a mean age of 45.3 
± 15.8 years (range, 14-73 years). Ninety-four 
patients (85%) required HPN and 16 patients 
(15%) required HFE. Patients with Crohn's dis-

ease, radiation enteritis, and ischemic bowel dis-
ease compromised 67% of the total patient pop-
ulation. 

A consult to the hospital Nutrition Support 
Team (NST) initiated the evaluation for candi-
dacy for HPT. The primary members of the NST 
included a physician, liaison psychiatrist, nurse, 
pharmacist, dietitian, and social worker who com-
bined their efforts to thoroughly evaluate, pre-
pare, and follow up the patient. Candidacy for 
HPT was considered only after dietary modifi-
cations, enteral supplements, and anti-diarrheal 
agents had been found to be unsuccessful in 
reducing fluid loss. The patient's present nutri-
tional status was assessed and base-line laboratory 
values obtained to estimate fluid, electrolyte, and 
calorie requirements. The NST also evaluated 
the patient's emotional state, cognitive ability, 
motor skills, and readiness to learn. Team mem-
bers conferred to determine whether HPT was 

Table 2. Leng th of h o m e parentera l therapy 
1 - 1 2 13-24 25 -36 37-48 49-60 61 -72 73-84 85-96 97-108 
mo mo mo mo mo mo mo mo mo Totals 

HPN patients 41 16 11 11 6 2 2 1 4 94 
HFE patients 10 1 1 1 0 1 2 1 1 16 

T O T A L S 51 17 12 12 6 3 0 2 5 110 
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Table 3 . Reasons for discontinuation of H P T 
Death H P T terminated 

Underlying disease 
and/or Bowel continuity Bowel continuity 

H P T associated complicating Concomitant surgically medically 
(No. of factors (No. of illness (No. restored (No. of restored (No. 

Diagnosis patients) patients) of patients) patients) patients) 

Crohn's disease 0 3 5 5 3 
Radiation enteritis 0 12* 1 3 0 
Ischemic bowel 0 1 3 0 0 
Small-bowel obstruction sec- 0 6 0 1 0 

ondary to cancer 
Ulcerative colitis involving the 0 0 2 1 1 
mucosa of other regions 

Esophagitis secondary to bone- 0 0 0 0 4 
marrow transplant 

Pseudo-obstruction 0 0 1 0 0 
Small-bowel obstruction 0 2 0 1 1 
Malabsorption 0 1 0 1 1 
Scleroderma (GI tract) 0 1 0 0 0 
Congenital malrotation of 0 0 0 0 1 

bowel 
Sclerosing cholangitis 0 0 0 0 1 
Toxic megacolon 0 0 0 1 0 . 
Gardner's syndrome 0 0 0 0 1 

T O T A L S 0 26(41%) 12 (19%) 13 (20%) 13 (20%) 

* Eight patient deaths were attributable to recurrent cancer. 

appropriate and feasible in each case. Placement 
of a Hickman/Broviac right atrial catheter was 
done after candidacy for HPT was determined.23 

Instruction in catheter care, solution preparation 
and administration, and self-monitoring tech-
niques by the NST nurse and pharmacist began 
once the patient was physically and emotionally 
prepared to learn.24,25 The instruction period 
lasted an average of two to three weeks and was 
considered complete when the patient demon-
strated competency and understanding of the 
HPT procedures and management of possible 
complications. Patients were stabilized on 1 to 6 
L of fluid per day and gradually tapered off from 
a 24-hour to an overnight infusion schedule dur-
ing this training period. The patients were dis-
charged once training was complete, home-going 
solutions were stabilized, and both patient and 
family were psychologically prepared. While at 
home, 82 patients (75%) mixed their own H P T 
solutions and 28 (25%) received pre-mixed solu-
tions from the home supply vendor. Follow-up 
examinations, review of home self-monitoring 
records, and blood studies were done at two-
week intervals, progressing to once a month 
based on patient stability. Routine laboratory 
studies included blood glucose, electrolytes, 

blood urea nitrogen (BUN), creatinine, calcium, 
phosphorus, and magnesium levels. Once a 
month, a complete blood count, prothrombin 
time, serum zinc level, and liver function tests 
were done, with vitamins, trace elements, essen-
tial fatty acids, and urinary calcium levels being 
monitored at six-month intervals. 

Results 
The average length of HPT for all 110 patients 

in our program was 26.1 months (range, 1-105), 
totaling 2,435 months (203 years) for HPN pa-
tients and 410 months (34 years) for patients 
receiving HFE {Table 2). The current active pa-
tient population, consisting of 39 HPN and 7 
HFE patients, has averaged 36 months on HPT. 
Patients no longer in the program due to discon-
tinuance of therapy or death (Table 3) had been 
on H P T for an average of 18.5 months. 

Eighty-seven patients were rehospitalized a to-
tal of 324 times for an average of 3.76 ± 4.52 
admissions per patient, totaling 6,661 days of 
rehospitalization. Twenty-three patients were 
never rehospitalized. Only 1,793 of the total of 
6,661 rehospitalization days were related to HPT 
(120 admissions), or approximately 15.3 ± 14.2 
days per admission. Non-HPT-related admissions 
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totaled 4,868 days (204 admissions), or approxi-
mately 24.4 ± 24.1 days per admission. Thus 
only 27% of admissions were related to HPT. In 
addition to rehospitalization, we have noted pre-
viously that overall mortality was also related to 
the underlying disease process rather than to 
HPT.26 Of 187 catheters inserted, mean catheter 
life was 15.34 ± 17.57 months (range, 0.25-99). 
Seventy-one patients (65%) have never required 
catheter replacement. 

Discussion 
In reviewing our nine years of experience with 

the HPT program, we found the minimal rehos-
pitalization time to be noteworthy. Our 110 pa-
tients were out of the hospital for 68,790 days, 
with rehospitalization accounting for only 10% 
of their time in the program. The most frequent 
cause for readmission was the patient's primary 
disease process and its associated complications. 
The majority of HPT-related rehospitalizations 
were for actual or suspected catheter sepsis and 
other catheter-related complications, with only 
infrequent readmissions for fluid/electrolyte ab-
normalities. The fact that our patients were able 
to spend 90% of their time at home is significant 
and can be attributed to the concerted efforts of 
the multidisciplinary team, their extensive knowl-
edge of HPT and its complications, and the thor-
ough instruction and follow-up of each patient. 
Continued work in the study and understanding 
of HPT and improvement of products and tech-
niques are necessary in order to enhance the 
efficacy of HPT and further reduce rehospitali-
zations. 

Catheter insertion and care 
Prior to the operation, one of the NST nurses 

shows the patient a catheter, explains the inser-
tion technique, and marks the exit site on the 
patient's skin with gentian violet. The catheter 
exits to the right or left of the sternum along the 
nipple line at a level that can be easily seen by 
the patient. It should not exit near a draining 
wound or intestinal drainage bag, so as to mini-
mize the possibility of contamination. 

We employ a durable silicone rubber catheter 
(Hickman or Broviac) which is approximately 90 
cm long. The two catheters differ in that the 
Broviac catheter has a narrower internal lumen 
than the Hickman catheter (1.0 versus 1.6 mm). 
Both function and are managed in the same 
manner, but the Broviac catheter is more likely 

to become occluded,27 and blood samples may be 
more difficult to obtain due to collapse of the 
internal lumen upon aspiration. On the other 
hand, the Hickman catheter may theoretically be 
more thrombogenic because of its larger size. 

Bilateral subclavian venograms are obtained 
prior to catheter placement to determine the 
availability of vessels in the upper thoracic venous 
system. Veins usually selected for catheter inser-
tion include the cephalic, internal or external 
jugular, and the muscular branch of the subcla-
vian. In the event of thrombosis involving the 
superior vena cava, a saphenous approach to the 
inferior vena cava may be necessary.28 Subclinical 
thrombosis of the subclavian vein, occasionally 
noted on preoperative venograms, would pre-
clude its use for permanent catheter placement; 
this is seen most commonly in patients who have 
had multiple temporary catheters placed for in-
hospital total parenteral nutrition (TPN) or cen-
tral venous pressure monitoring. Catheter place-
ment into the azygous system via the intercostal 
vein is a relatively new approach which has re-
portedly been successful in children.29 We have 
also used direct right atrial catheterization via a 
thoracotomy incision when all other venous ac-
cess sites have been depleted.30 

Catheters must be cared for using aseptic tech-
niques in order to prevent contamination and 
sepsis. Hickman/Broviac dressings are changed 
daily by the patient, or more frequently if they 
become soiled or wet. Localized exit site infec-
tions are treated by changing the dressing twice 
a day and administering intravenous (IV) anti-
biotics. We have been successful in resolving such 
infections with this protocol if the organism has 
not invaded the Dacron cuff within the subcuta-
neous tunnel. Intravascular catheter sepsis is sus-
pected if positive blood cultures are obtained 
through the catheter and/or no other source of 
sepsis can be determined. Antibiotics are usually 
not necessary if the catheter is removed 
promptly. A new catheter can be placed in five 
to seven days if two consecutive sets of peripheral 
blood cultures prove negative. If the catheter 
must be removed due to confirmed sepsis, cath-
eter care and mixing procedures are reviewed. 
Subcutaneously implanted venous access devices 
such as the Port-a-Cath, Infuse-a-Port, and Med-
iport have recently been reported to be successful 
for infusion of HPT fluids,31,32 but require daily 
skin puncture and have not yet been widely ac-
cepted. 
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To prevent the catheter from becoming oc-
cluded, it is flushed with 2 mL of heparin (100 
U/mL) at the completion of the infusion. Should 
occlusion occur, patency may be restored by in-
fusing a dilute solution of streptokinase or uro-
kinase. Streptokinase, a protein derived from 
group C beta hemolytic streptococci, acts by 
forming a complex with plasminogen which then 
converts plasminogen to plasmin. Urokinase, an 
enzyme produced by the human kidney, directly 
converts plasminogen to plasmin. In both in-
stances, the plasmin then degrades the fibrin 
within the clots. Anaphylaxis and systemic fibri-
nolysis are potential risks associated with the use 
of streptokinase, however, the use of a very dilute 
solution and aspiration of any residual drug in 
the catheter minimizes these risks. Urokinase is 
considered nonantigenic, but the increased cost 
of this product outweighs that benefit and makes 
streptokinase the thrombolytic agent of choice 
for preventing catheter occlusions. Using a tu-
berculum syringe, a mixture of streptokinase and 
normal saline, producing a concentration of 
2,500 U/mL of streptokinase, is gently instilled 
in a volume equal to the internal volume of the 
catheter. The solution should remain in contact 
with the clot for 30 minutes, after which repeated 
aspirations of the residual clot and drug are made 
every five minutes until patency is restored. If 
the catheter is not patent after several attempts, 
the solution is left in the catheter for 24 hours.33 

To minimize fibrin formation within the cath-
eter and decrease the incidence of venous throm-
bosis associated with infusion of hypertonic solu-
tions, 1,000 U of heparin is added to each liter 
of HPT solution. Venogams should be obtained 
if thrombosis is suspected. Thrombosis can be 
confirmed if venous obstruction and collaterali-
zation are noted upon injection of contrast ma-
terial. Distension of veins in the shoulder and 
anterior chest walls, swelling of the arm, and 
shoulder pain on the involved side are typical of 
subclavian vein thrombosis. In addition, neck or 
throat pain, puffiness of the face, extensive tear-
ing, and rhinorrhea may be noted. While heparin 
has been found to be ineffective in achieving 
thrombolysis, success may be attained with local 
infusion of streptokinase.34,35 However, in most 
cases, treatment proves futile and the catheter 
must be removed. 

HPT patients are provided with a temporary 
repair kit and instructed in its use should catheter 
breakage occur. The kit contains all supplies 

needed for temporary repair, including a sterile 
blunted needle whose gauge corresponds to that 
of the catheter: a 15 gauge for the Hickman 
catheter, 18 gauge for the Broviac, and 22 gauge 
for the pediatric Broviac. The catheter is cut with 
sterile scissors so that the site of the breakage is 
removed. The blunted needle is inserted into the 
lumen of the catheter, forming a new end on the 
original catheter. Patients are told that this repair 
is only temporary, and that they should make an 
appointment with the physician who placed the 
catheter so that it can be permanently repaired; 
this involves splicing a new end onto the remain-
ing segment of the original catheter. We have 
not observed any increase in catheter sepsis rates 
associated with such repairs.36 

Patient/family instruction 

The goal of the HPT program is to facilitate a 
smooth transition of the patient from the hospital 
to the home. In order to achieve the goal, the 
patient and/or family must be educated to a level 
of independence and develop a sense of confi-
dence. Thorough evaluation of the patient prior 
to instruction is needed to determine any cogni-
tive, psychological, and/or physical impairments 
in order to plan for learning needs and adapt 
instruction materials as necessary. The patient is 
trained as the primary care giver; a family mem-
ber is involved, if willing, but only as a back-up. 
This not only prevents family members from 
feeling burdened with the primary responsibility 
of the patient's care, but also helps to alleviate 
the patient's loss of autonomy and forced depen-
dency. If absolutely necessary, a family member 
can be taught to be solely responsible, but never 
anyone who lives outside the home. Some pa-
tients may require total care for HPT; and al-
though resources are available, we have found 
only a limited number of extended care facilities 
that would except patients requiring HPN or 
HFE. 

Instruction can be expedited with the use of a 
Cath-Train vest, a teaching tool which simulates 
the patient's own catheter. The vest allows the 
patient to become proficient in working with the 
catheter and permits unsupervised practice be-
tween lessons. Instructions need to be written in 
simple concise sentences employing very basic 
terminology. A format of instructions written in 
step-by-step fashion, separate from definitions, 
complications, and discussions, is easier for the 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


322 Cleveland Clinic Quarterly Vol. 52, No. 3 

Table 4. Contents of a typical H P N solution 
Nutrient 1 L 2 L 

FreAmine III 8.5%* 500 mL 1,000 mL 
Dextrose 50% 500 mL 1,000 mL 
Calcium gluconate injection (0.46 mEq/mL) 9.2 mEq 18.4 mEq 
Magnesium sulfate injection (4.06 mEq/mL) 8.1 mEq 16.2 mEq 
Potassium chloride injection (2 mEq/mL) 20.0 mEq 40.0 mEq 
Potassium phosphate injection (4.4 mEq K/mL) 10.0 mEq 10.0 mEq 
Sodium acetate injection (2 mEq/mL) 20.0 mEq 40.0 mEq 
Sodium chloride injection (4 mEq/mL) 50.0 mEq 100.0 mEq 
Heparin sodium (1,000 U/mL) 1,000 U 2,000 U 
Multiple vitamins (N = 12) 10.0 mL 10.0 mL 
Multiple trace elements concentrate 1.0 mL 1.0 mL 
Selenium injection (40/tg/mL) 120 /tg 120/ig 

* American McGaw Laboratories, Irvine, Calif. 

patient to follow than instructions written in par-
agraph form or intermingled with diagrams. 
Memorization of procedures is not necessary as 
it extends the learning time and increases the 
patient's anxiety. The patient must be able to 
simply follow the written instructions. One pro-
cedure is demonstrated at a time, practice al-
lowed, and competency nearly mastered prior to 
advancing to the next procedure. Evaluation is 
conducted continuously, with immediate feed-
back provided and appropriate changes made. 
Instruction is complete when the learner can 
perform all procedures independently and can 
respond appropriately when posed with actual or 
hypothetical problems or complications. 

Solution/additive preparation and administration 
HPT solutions can be either mixed by the 

patient or pre-mixed by the home supply vendor. 
Since pre-mixed HPT solutions did not become 
available until 1980-1981, prior to this time, all 
patients had to be instructed in self-mixing pro-
cedures. At the CCF, most patients who are ex-
pected to be on H P T permanently (or at least 
more than six months) learn to mix their own 
dialysis solutions; patients and family members 
who are unable to learn the mixing techniques, 
or patients who will only require H P T for six 
months or less, receive pre-mixed solutions 
through the home supply vendor. The additional 
cost of the vendor-prepared solutions is offset by 
the savings associated with a shorter in-hospital 
stay for training. 

The base solutions and additives used for HPT 
are basically the same as the TPN and fluid/ 
electrolyte solutions used in the hospital. Fluid 
composition and nutrient requirements are estab-

lished, based on each patient's individual nutri-
tional assessment, daily weight, intake and out-
put, BUN, and creatinine. HPT patients may 
require 1 - 6 L of nutrient/I V crystalloid solutions 
to maintain homeostasis, depending on the state 
of functional impairment of the bowel and losses 
through a GI tract fistula or stoma. While HFE 
patients require only IV crystalloids, with appro-
priate additives to maintain fluid and electrolyte 
balance and adequate renal function, HPN pa-
tients need amino acids, dextrose, electrolytes, 
vitamins, minerals, and trace elements to main-
tain nutritional homeostasis. Many HPN patients 
require additional IV crystalloids to control fluid 
and electrolyte balance when high-output stomas 
and/or fistulas are present. Most HPN patients 
must have a minimum of 2 L of nutrient solu-
tions. A typical 2-L HPN formula containing 
4.25% amino acids and 25% dextrose as a base 
solution, along with additives, is shown in Table 
4. Vitamins and trace elements are added to HPT 
solutions in accord with the American Medical 
Association (AMA) Nutrition Advisory Group 
recommendations for parenteral use (Tables 5 
and 6).37'38 Since all fat- and water-soluble vita-
mins except K are contained in the single multi-
vitamin preparation, the patients are instructed 
to take 10 mg of vitamin K intramuscularly twice 
a month. 

Deficiencies of trace elements such as zinc, 
copper, chromium, and selenium in patients re-
ceiving TPN have been documented. 41-43 Since 
1976, our HPT patients have added not only 
these trace elements but also manganese to 1 L 
of their daily infusate to maintain adequate levels. 
Dosages were originally based on the oral rec-
ommendations of the recommended dietary al-
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Table 5. Intravenous vitamin additives for TPN 
Multiple vitamins 

(N = 12) AMA guidelines 
Vitamin (per 10 mL) for adults" 

A 3,300 IU 3,300 IU 
D 200 IU 200 IU 
E 10 IU 10 IU 
K 
C (ascorbic acid) 100.0 mg 100.0 mg 
Bi (thiamin) 3.0 mg 3.0 mg 
B2 (riboflavin) 3.6 mg 3.6 mg 
Niacin 40.0 mg 40.0 mg 
B6 (pyridoxine) 4.0 mg 4.0 mg 
Pantothenic acid 15.0 mg 15.0 mg 
Folacin 0.4 mg 0.4 mg 
B12 (cyanocobalamin) 5.0 Mg 5.0 Mg 
Biotin 60.0 Mg 60.0 Mg 

lowances guidelines, but have been re-evaluated 
yearly as more definitive requirements39 and clin-
ically manifested deficiency states have appeared. 
Since 1978-1979, when serum trace mineral 
analysis using atomic absorption spectrophotom-
etry first became available at the CCF, patient 
monitoring has progressed to include trace metal 
analysis every six months as a routine protocol. 
Dosages of the trace minerals described in Table 
6 have maintained serum zinc and copper levels 
within normal limits. While chromium levels in 
our patients tended to be in the very low normal 
range, manganese levels were consistently ele-
vated, indicating that AMA recommendations 
for manganese in HPT patients may be excessive. 
Manganese deficiency has not been reported in 
HPT patients to our knowledge. Selenium levels 
tended to be low. In a previous monograph de-
scribing selenium use in adult and pediatric pa-
tients receiving HPT,40 we indicated that 63% of 
our patients occasionally had low selenium levels. 
Reviewing a smaller sample of patients (N = 28) 

revealed that 39% of them maintained normal 
levels at the prescribed dosage. When the re-
maining patients were placed on higher doses, 
only 35% demonstrated increased selenium lev-
els. However, despite low levels of chromium and 
selenium and elevated manganese levels for vary-
ing periods of time, none of the patients seen 
during the course of our program has demon-
strated clinical trace mineral deficiency41-43 or 
toxicity. Exogenous administration of iron-dex-
tran complex (Imferon) may be given as required 
to maintain normal hematologic values. How-
ever, test dosages should be given prior to infu-
sion of the therapeutic dose to test for and guard 
against the occurrence of an anaphylactic-type 
reaction. Regular insulin should be added di-
rectly to the HPN solution, if necessary, to con-
trol serum glucose levels during infusion: they 
should be <200-250 mg% during the infusion, 
and return to normal within two hours post-
infusion. The cyclic, eight-to-12-hour overnight 
infusion schedule necessitates the use of a volu-

Table 6. T race element additives for T P N 

Trace element 
solutions 
(per mL) 

AMA guidelines*38 

Stable adults Catabolic adults 
Adults with 

intestinal losses 

Zinc 

Copper 
Chromium 
Manganese 

5.0 mg 

1.0 mg 
10.0 g 
0.5 mg 

2.5-4.0 mg 

0.5-1.5 mg 
10.0-15.0 Mg 
0.15-0.8 mg 

Additional 2.0 mg Additional 12.2 mg per L of 
small-bowel fluid lost; 
17.1 mg per kg of stool 
or ileostomy output 

20.0 Mg 

* Multiple trace element concentrate, LymphoMed, Melrose Park, 111. 
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Table 7. Patients with metabolic bone disease 
Vitamins 

Case 
Age (yr) 
and sex Clinical symptoms Bone biopsy 

calcium 
balance 

Serum 
calcium 

25-(OH)2 
D2 

l,25-(OH)2 
D3 Diagnosis 

1 61, F Multiple sponta-
neous frac-
tures 

Active osteopenia NA Below nor-
mal 

Normal Normal Radiation enteritis following 
treatment for cancer 

2 67, F Bone pain and 
fractured ver-
tebrae 

Active osteopenia Negative Normal High nor-
mal 

Low nor-
mal 

Short bowel syndrome, di-
verticulitis 

3 28, M Spontaneous hip 
fracture 

Not done NA Normal NA NA Crohn's disease 

4 26, F Rib fracture Not done NA Normal NA NA Crohn's disease 

5 51, F Bone pain Normal Negative Low normal Elevated Below 
normal 

Radiation enteritis following 
treatment for ovarian can-
cer 

6 64, F Spontaneous hip 
fracture 

Inactive osteopo-
rosis 

Positive Normal Elevated Below 
normal 

Radiation enteritis following 
treatment for ovarian can-
cer 

7 19, M Bone pain and 
compression 
fracture 

Active osteo-
penia/osteoma-
lacia 

Positive Normal Elevated Elevated Crohn's disease 

metric infusion pump with appropriate alarm 
systems, which assures safe and accurate delivery 
of solutions while the patient is asleep.44"47 

Final in-line filtration of particulate matter and 
bacteria is achieved by the addition of a 0.22-¡x 
air-eliminating filter to the infusion system.48"50 

Solutions may be administered using a Y-tube set 
for a separated 2 L of fluid, admixture of the 
entire volume of solution into the appropriate 
size 2- or 3-L bag, or both. Such set-ups will allow 
the patient to hang the entire volume of solution 
at one time, allowing for an uninterrupted night's 
sleep. During the last hour of infusion, the pre-
scribed infusion rate is reduced by half to taper 
off the quantity of dextrose infused, thereby pre-
venting reactive hypoglycemia. 

In the majority of HPT patients requiring high 
caloric solutions (HPN group), fat must be pro-
vided intravenously in addition to dextrose and 
protein to prevent essential fatty acid deficiency 
(EFAD). This condition, characterized by an in-
crease of 5,8,11-eicosatrienoic acid, may develop 
within two weeks of fat-free parenteral nutri-
tion.51 Symptoms could include eczematous des-
quamative dermatitis, hair loss, thrombocyto-
penia, and possibly impaired wound healing and 

hepatic dysfunction.52-55 Providing 2%-3% of 
the patient's total calories as linoleic acid can 
prevent these sequelae.56'57 Infusion of 500 mL 
of 10% fat emulsion over a period of four hours 
twice a week is generally sufficient for maintain-
ing essential fatty acid levels; however, they 
should be monitored periodically to adjust for 
individual patient needs. A 20% fat emulsion is 
also available for IV use. However, infusion of a 
20% fat emulsion over less than the recom-
mended eight hours was associated with priapism 
in 2 of our male patients. Although vascular 
thrombosis is suspected, the exact etiology is un-
clear.58 

Metabolic bone disease 
Metabolic bone disease, characterized by bone 

pain and spontaneous fractures (nonattributable 
to physical mishap) and diagnosed pathologically 
by osteoporosis and osteomalacia bone histology, 
has been documented in patients receiving 
H P N 59-62 P r e v i o u s observations59'60'63 have in-
dicated that HPN is a primary causative factor in 
the development of these histological abnormal-
ities despite the underlying disease. Review of 
the medical histories of the 110 CCF patients 
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treated to date revealed metabolic bone disease 
in 7 (6.4%) (Table 7), documented clinically by 
bone pain (1 patient), spontaneous fractures (4 
patients), or both (2 patients). Patients included 
2 men and 5 women, with the latter group in-
cluding 4 who were post-menopausal and/or had 
undergone total abdominal hysterectomy at least 
10 years earlier; the mean age was 45.5±20.3 
years over a range of 26-67. Three patients had 
gastrointestinal malabsorption secondary to 
Crohn's disease, 3 had radiation enteritis follow-
ing treatment for ovarian cancer, and 1 had 
diverticulitis; all had undergone multiple opera-
tions resulting in short-bowel syndrome one to 
10 years prior to HPN. Bone pain developed in 
3 patients within six months of initial discharge 
on HPT. Two patients experienced compression 
fractures of the vertebrae shortly after onset of 
bone pain. Four patients without previous pain 
had spontaneous fractures of the hip or ribs eight 
to 54 months after initial discharge on HPT. 

Four women and 1 man in our series under-
went tetracycline labeling and subsequent iliac 
crest bone biopsy to aid in diagnosis and treat-
ment. Biopsy findings, ranging from normal to 
severe inactive osteoporosis, were correlated with 
urinary calcium balance and levels of serum cal-
cium, 25-hydroxy vitamin D and 1,25-dihydroxy 
vitamin D whenever possible. Based on this analy-
sis, recommendations were made for increased 
IV calcium to maintain a positive urinary calcium 
balance64 and/or increased vitamin D supplemen-
tation.62,65 Only one patient receiving increased 
calcium has demonstrated long-term relief of 
symptoms. 

Just as the exact etiology of metabolic bone 
disease in HPT has remained a mystery, treat-
ment has been varied and experimen-
t a ] 59,62,63,65,66 

Length of therapy 
Depending upon their underlying disease, de-

gree of GI tract dysfunction, and length of bowel 
remaining, patients may require HPT on a per-
manent or temporary basis. In our experience, 
patients with radiation enteritis or ischemic bowel 
disease due to mesenteric infarction usually re-
main on HPT permanently, whereas patients 
with Crohn's disease and/or short-bowel syn-
drome with subsequent bowel adaptation may 
only require HPT temporarily. Both groups of 
patients are able to avoid prolonged hospitaliza-

tion with HPT and can return home. Patients 
who have catastrophic enterocutaneous fistulas 
and require prolonged bowel rest for resolution 
of inflammation prior to surgery have also been 
managed with HPT; after three to six months, 
surgery is performed, if necessary, to resect 
persistent fistulas and/or re-establish temporarily 
interrupted GI tract continuity.14,67 

Conclusion 
The 110 patients taking part in the CCF HPT 

program were able to spend a significant length 
of time at home with a low incidence of morbidity 
and mortality. All had significant underlying dis-
ease'that would otherwise have required either 
repeated or permanent hospitalization. A satis-
factory fluid balance and nutritional status can 
be maintained with an overnight infusion of cus-
tomized solutions. Accurate record keeping, rou-
tine laboratory monitoring, regular follow-up vis-
its, and continued communication between the 
patient, patient's family, and NST members are 
essential to ensure patient safety and well-being 
as well as the success of the program. 

Ezra Steiger, M.D. 
Department of General Surgery 
The Cleveland Clinic Foundation 
9500 Euclid Ave. 
Cleveland, OH 44106 
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