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Abstract Background. We undertook this study to test
the hypothesis that perioperative total parenteral nutrition
(TPN) decreases the incidence of serious complications
after major abdominal or thoracic surgical procedures in
malnourished patients.

Methods. We studied 395 malnourished patients (99
percent of them male) who required laparotomy or noncar-
diac thoracotomy. They were randomiy assigned to re-
ceive either TPN for 7 to 15 days before surgery and
3 days afterward (the TPN group) or no perioperative TPN
(the control group). The patients were monitored for com-
plications for 90 days after surgery.

Results. The rates of major complications during the
first 30 days after surgery in the two groups were similar
(TPN group, 25.5 percent; control group, 24.6 percent), as
were the overall 90-day mortality rates (13.4 percent and
10.5 percent, respectively). There were more infectious
complications in the TPN group than in the controls (14.1

ALNOURISHED surgical patients are at

greater risk for postoperative morbidity and
mortality than well-nourished patients undergoing
similar operations for similar indications.' Studies at-
tempting to define the effect of preoperative nutrition-
al support, usually total parenteral nutrition (TPN),
on the incidence of postoperative complications have
been inconclusive,>* making it uncertain whether the
benefits of preoperative TPN are sufficient to justify
its use in malnourished surgical patients who are oth-
erwise candidates for elective surgery. We describe the
results of a cooperative multi-institutional clinical tri-
al conducted by the Department of Veterans Affairs
(VA) and designed to assess the efficacy of periopera-
tive TPN in malnourished patients undergoing major
intrathoracic or intraperitoneal operations. Our pri-
mary study objective was to determine whether peri-
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vs. 6.4 percent; P = 0.01; relative risk, 2.20; 95 percent
confidence interval, 1.19 to 4.05), but slightly more nonin-
fectious complications in the control group (16.7 vs. 22.2
percent; P = 0.20; relative risk, 0.75; 95 percent confi-
dence interval, 0.50 to 1.13). The increased rate of infec-
tions was confined to patients categorized as either bor-
derline or mildly mailnourished, according to Subjective
Global Assessment or an objective nutritional assess-
ment, and these patients had no demonstrable benefit
from TPN. In contrast, severely malnourished patients
who received TPN had fewer noninfectious complications
than controls (5 vs. 43 percent; P = 0.03; relative risk,
0.12; 95 percent confidence interval, 0.02 to 0.91), with no
concomitant increase in infectious complications.

Conclusions. The use of preoperative TPN should be
limited to patients who are severely malnourished unless
there are other specific indications. (N Engl J Med 1991;
325:525-32.)

operative TPN reduces major operative complica-
tions, mortality, or both in such patients.

METHODS

The complete protocol of the clinical trial has been published
elsewhere** but is summarized here. The study was approved by
the VA Cooperative Studies Human Rights Committee and local
institutional review boards at the participating centers. Informed
consent was obtained from the study subjects before their entry into
the study.

Selection of Patients

All patients at least 21 years old who were admitted to a partici-
pating VA Medical Center before nonemergency laparotomy or
thoracotomy were potentially eligible for the study. Laparotomy
was defined as any nonvascular intraperitoneal operation, exclud-
ing inguinal or ventral herniorrhaphy, and thoracotomy as any non-
cardiac intrathoracic operation, excluding mediastinoscopy or me-
diastinotomy. Patients were excluded from the study if they were
expected to die of their primary disease within 90 days, had received
TPN in the preceding 15 days, or had undergone an operation in the
preceding 30 days. The remaining patients were considered poten-
tially eligible for the study and were screened for any condition or
conditions that would make participation impossible or potentially
dangerous or that could have a substantial effect on the operative
outcome that was independent of nutritional status. These reasons
for exclusion are listed in Table 1; the criteria for their diagnosis
have been described elsewhere.*

The patients not excluded for these reasons then underwent nutri-
tional screening. They were considered malnourished if they met

The New England Journal of Medicine
Downloaded from nejm.org at RUTGERS UNIV ALEXANDER LIBRARY on March 5, 2020. For personal use only. No other uses without permission.
Copyright © 1991 Massachusetts Medical Society. All rights reserved.



526 THE NEW ENGLAND JOURNAL OF MEDICINE

Table 1. Reasons for the Exclusion of Patients
from the Study.

PATIENT CATEGORY OR REASON FOR EXCLUSION No. OF PATIENTS

Potentially eligible patients 3259
Patients with specific reason for exclusion 811*
Delay in surgery contraindicated 253
TPN contraindicated 23
Type IV hyperlipidemia 8
Fluid restriction (<1000 ml/24 hr) 6
Central venous access contraindicated 9
Major concurrent illness 488+
Cardiac 74
Neurologic 151
Hepatic 154
Pulmonary 27
Renal 53
Coagulopathy 46
Psychiatric 318
TPN essential 97
Pancreatitis or pseudocyst 19
Partial bowel or gastric-outlet obstruction 54
Other gastrointestinal disease 24
Patients remaining after exclusions 2448
Patients who did not meet nutritional criteria 1497
(well-nourished nonrandomized group)
Patients remaining after nutritional screening 951
Patients discharged without surgery 169
Patients eligible for randomization 782
Patients who declined randomization (mal- 323
nourished nonrandomized group)
Patients entering the study 459

*The total of the specific exclusions shown below exceeds this number
because some patients met more than one criterion for exclusion.

FThe total number of cases of the concurrent diseases listed exceeds this
number because some patients had more than one disease.

either or both of two criteria: (1) a score of 100 or less on the
Nutrition Risk Index, calculated according to the following formula:

1.519 X the serum albumin level (in grams per liter)
+ 0.417 X (current weight/usual weight) X 100

or (2) any two of the following: a current weight that was 95 percent
of the ideal weight or less; a serum albumin level of 39.2 g per liter
or less; or a serum prealbumin level of 186 mg per liter or less.

The methods used to develop these criteria have been described
elsewhere.® Patients who were too well nourished to meet either
criterion were not offered study participation but were assigned to
the well-nourished nonrandomized group and followed to monitor
postoperative complications. The malnourished patients were in-
formed about the study according to the VA guidelines and asked to
participate. Those who declined to do so were assigned to the mal-
nourished nonrandomized group and followed to monitor postoper-
ative complications.

Randomized Groups and Monitoring of Complications

The patients who entered the study were randomly assigned by
computer-generated random numbers to the TPN group or the con-
trol group. Patients with cancer and those without it were random-
ized separately to ensure an equal distribution between groups.
Patients who initially consented to participate in the study but later
withdrew underwent no further protocol-driven nutritional inter-
ventions or testing but were followed to monitor postoperative com-
plications; these patients were included in the final analyses.

The patients in the TPN group received perioperative TPN
through a central venous catheter in doses increasing for 72 hours to
a daily caloric goal of 1000 kcal above the resting metabolic expend-
iture, as defined elsewhere.* Five hundred fifty kilocalories were
provided as lipid (Intralipid, KabiVitrum Laboratories, Alameda,
Calif.), and the remainder as dextrose. Crystalline amino acids
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(Freamine II1, Kendall McGaw Laboratories, Irvine, Calif.) were
provided at a calorie:nitrogen ratio of 150 kcal:1 g of nitrogen.
Vitamins (MVI-12 [10 ml], Armour Pharmaceutical, West Ches-
ter, Pa.) and trace elements (trace-element mix [1.0 ml], Armour)
were provided daily, and electrolytes were provided as clinically
indicated.

The daily TPN intake was considered adequate if the intake of
macronutrients was =85 percent of the calculated goal. Optimal
TPN was defined as 7 to 15 days of preoperative treatment at
adequate levels. Patients who did not receive optimal TPN were
included in the final analyses but were identified as suboptimally
treated. The patients receiving TPN were permitted to eat as clini-
cally indicated; their oral intake was recorded but not included in
the determination of the adequacy of the daily intake of macronu-
trients. Postoperatively, TPN was continued for 72 hours; thereafter
it could be continued or terminated as clinically indicated.

The control patients received no TPN (or forced enteral feedings)
before surgery or for the first 72 hours after surgery. Thereafter,
TPN or tube feedings could be instituted if clinically indicated. The
control patients were given an oral diet as clinically indicated. Their
food intake was monitored by the study dietitian, but the calorie
counts were not charted except at the request of the patient’s phy-
sician.

The patients receiving TPN underwent surgery after receiving
adequate TPN for at least seven days. The control patients under-
went surgery after at least three days of base-line observation. Sur-
gery was permitted earlier in either group if clinically indicated.

The patients were monitored for complications related to either
the operation or TPN therapy from the day of randomization until
death or postoperative day 90. Complications were classified as
major or minor and also as infectious or noninfectious. Monitoring
included direct observation of the patient and chart review daily,
continuing after discharge with biweekly clinic visits, telephone in-
terviews, or both. The monitoring methods, objective criteria used
to diagnose complications, and protocols for the evaluation of fever
and suspected bacteremia have been described elsewhere.*

Statistical Approach

The primary end point for comparison was the incidence of major
operative complications. On the basis of previous studies,? we antic-
ipated a 20 percent rate of major complications after 30 days in the
control group. A reduction of this rate by half (to 10 percent) in the
TPN group would be considered clinically important. Detecting a
difference of this magnitude or greater at a level of statistical signifi-
cance of 0.05 and a power of 0.90, with a one-tailed test of propor-
tions, would require that there be 255 patients in each group. Thus,
the goal for the accrual of patients was 510 patients for the final
outcome analysis.

Five additional subanalyses to be tested by two-tailed tests were
defined a priori as secondary end points. These were the compari-
sons of the TPN and control groups with respect to mortality, all
complications (major or minor), infectious complications, noninfec-
tious complications, and major complications after stratification ac-
cording to the severity of the patient’s underlying malnutrition.
Nutritional status was stratified according to the Nutrition Risk
Index and the Subjective Global Assessment, as described by Baker
et al.> When the Nutrition Risk Index score was used, the patients
were categorized as borderline malnourished (Nutrition Risk Index
score, >97.5), mildly malnourished (83.5 to 97.5), or severely mal-
nourished (<83.5). Various combinations of weight loss and hy-
poalbuminemia result in Nutrition Risk Index values below 83.5. In
the absence of weight loss (when the patient’s current weight divid-
ed by the usual weight equaled 1.0), serum albumin levels below
27.8 g per liter were required for a patient to be considered severely
malnourished. With marked weight loss (e.g., current weight/usual
weight = 0.8), only mild hypoalbuminemia (<33.1 g per liter) is
required for the Nutrition Risk Index values to fall below 83.5.
Stratification with the Subjective Global Assessment was performed
on the basis of clinical information obtained from a thorough histo-
ry and physical examination without knowledge of specific labora-
tory or anthropometric measures. The examiner came to a global
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assessment of the patient’s nutritional status on the basis of the
presence or absence of historical features or physical stigmata asso-
ciated with malnutrition, without reference to a rigid scoring system
based on specific criteria. At the time of the screening to determine
eligibility for the study, each patient was assigned a Subjective
Global Assessment rating of borderline malnourished (no stigmata
of malnutrition despite having satisfied study entry criteria; corre-
sponds to “well-nourished” rating by Baker et al.5), mildly mal-
nourished (few or mild stigmata), or severely malnourished (multi-
ple or severe stigmata or both).

Data were submitted to the Perry Point VA Cooperative Studies
Program (CSP) Coordinating Center within 30 days, and inter-
im analyses of outcome measures were performed every 9 months.
The interim results were not revealed to the participating investiga-
tors but were reviewed by the CSP Human Rights Committee and
the Study Operations Committee to ensure the safety of patients
and to determine whether the study should be terminated prema-
turely.

Continuous variables were compared by analysis of variance, and
categorical variables by either the chi-square test or Fisher’s exact
test. Analyses of categorical covariates were performed by the Man-
tel-Haenszel technique. All statistical analyses were two-tailed and
were based on the intention-to-treat concept.

REsuLTS
Randomized Groups and Comparisons at Base Line

During the 26 months of patient accrual, 3259 pa-
tients were identified as potentially eligible for the
study. Of these, 811 patients (25 percent) were ex-
cluded for one or more of the reasons shown in Table
1. Two hundred fifty-three patients were excluded be-
cause a delay in surgery of 7 to 10 days was contrain-
dicated, 23 because TPN could not be administered or
was potentially dangerous, 488 because concurrent ill-
nesses or a psychiatric disorder precluded informed
consent, and 97 (3 percent) because TPN was consid-
ered essential. Most of these 97 patients required pre-
operative TPN to permit bowel rest or decompression
for at least three to five days before laparotomy.

Of the remaining 2448 patients who underwent nu-
tritional screening, 1497 (61 percent) did not meet
either of the nutritional criteria and were assigned to
the well-nourished nonrandomized group. Of these
patients, 1220 underwent surgery, and follow-up data
were available for 1218. Nine hundred fifty-one pa-
tients met one or both nutritional criteria, but ad-
ditional clinical evaluation before randomization
showed that surgery was not indicated in 169, and
they were discharged. The remaining 782 patients
were eligible for randomization and were asked to par-
ticipate in the study. Of these patients, 323 (41 per-
cent) were not randomized because of refusal by the
patient’s physician (56 patients) or the patient (233)
or for unstated reasons (34). These 323 patients were
assigned to the malnourished nonrandomized group;
305 of them underwent surgery, and follow-up data
were available for all 305.

During the 26-month period initially allocated to
and funded for the accrual of patients, 459 patients
(455 men and 4 women) consented to participate
in the study and were randomly assigned to the
TPN group (231) or the control group (228). Of these,
395 (86 percent) underwent surgery. Although the size
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of this sample fell short of the original projections,
the interim analysis indicated that extending the re-
cruitment period would be unlikely to alter the results
of the study, and therefore the enrollment of pa-
tients was terminated. The sample accrued (395 pa-
tients) was not sufficient to test the original one-tailed
hypothesis (that the 30-day rate of major complica-
tions would be reduced from 20 percent to 10 percent
with TPN) with a power of 0.90, but it did provide a
power of 0.80. Since the actual rate of major compli-
cations in the control group was approximately 25
percent, the 395 patients studied did provide a power
of 0.89 for testing a revised hypothesis involving a
25 percent rate of major complications in the control
group as compared with 12.5 percent in the TPN
group.

The characteristics of the study patients relative
to those of the patients in the two nonrandomized
groups are shown in Table 2. The study group was
older and more malnourished and included more pa-
tients with gastrointestinal cancer than the well-nour-
ished nonrandomized group. In most respects, the
study group was similar to the malnourished nonran-
domized group, although the study group was slightly
more malnourished according to some criteria and in-
cluded more patients with gastrointestinal cancer.
The postoperative rates of morbidity and mortality
were higher after 30 days in the study group than in
the well-nourished nonrandomized group but were
similar to those in the malnourished nonrandomized
group.

The TPN group and the control group were similar
(P>0.15) with respect to age, sex, race, diagnosis, and

Table 2. Base-Line Characteristics and Outcomes 30 Days after
Surgery in the Study Group and the Nonrandomized Groups.*

VARIABLE Stupy Group NONRANDOMIZED GROUPS
WELL-NOURISHED MALNOURISHED
No. of patients 459 1218% 3051
Age (yr) 62.9+9.9 59.6+10.6 62.3x10.6
Diagnosis (%)
GI cancer 51 28 32
Lung cancer 11 13 15
Other cancer 4 4 2
Benign GI disease 27 45 38
Other benign disease 7 10 13
Nutritional status
Body weight (kg) 66+13.6 79+15.5 70+14.0
% Usual weight 89+8.0 97+£5.6 92+7.9
Serum albumin (g/liter) 37x3.6 43+2.7 37+3.8
Serum prealbumin (mg/liter) 164+77.7 254+66.6 174+79.3
Triceps skin-fold (mm) 11+6.1 16+8.2 13+7.1
Borderline malnourished by 30 . 89 45
SGA (%)
Outcome (%)
Mortality 6.0 2.3 4.9
Complications 37 21 31

*Plus—minus values are means =SD. GI denotes gastrointestinal, and SGA Subjective
Global Assessment.

‘+Numbers of patients shown for the nonrandomized groups include all patients who under-
went surgery and for whom follow-up data were available.
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most measures of nutritional status (serum prealbu-
min level, weight, percentage of ideal weight, triceps
skin-fold thickness, arm-muscle circumference, and
grip strength). Table 3 shows the diagnoses and nutri-
tional measures in which the two study groups had
differences approaching or reaching statistical signifi-
cance. When such differences occurred, the base-line
nutritional depletion was uniformly more severe in the
TPN group. However, a Mantel-Haenszel categorical
covariate analysis of outcome measures, with control
for the presence or absence of cancer, Subjective Glob-
al Assessment classification, and Nutrition Risk In-
dex, did not alter the relative risks reported here (Ta-
ble 4) — indicating that these imbalances did not alter
the substantial findings of the study.

Four patients died before surgery (2 in each group),
and 60 patients (37 in the TPN group and 23 in the
control group) were discharged without an operation
when additional studies revealed surgery to be inap-
propriate or when the patient refused the operation.
Table 5 shows the operative procedures undergone by
the remaining 192 patients receiving TPN and 203
control patients.

Nutrient Intake and Treatment-Related Complications

Of the 192 patients receiving TPN who underwent
surgery, 130 completed an optimal course of TPN, 49
received suboptimal TPN, and 13 received no TPN
after an initial attempt to place a central line failed
and the patient refused further attempts. The mean
duration of preoperative TPN at adequate levels was
7.9 days (range, O to 16). The intravenous, oral, and
total mean preoperative daily caloric intakes for pa-
tients receiving TPN were 2109 kcal (range, 331 to
2883), 834 kcal (range, 0 to 2110), and 2944 kcal

Table 3. Base-Line Characteristics of the Randomized Patients.*

TPN Group  CoNTROL GROUP

CHARACTERISTIC (N =192) (N = 203) P VALUE
Serum albumin (g/liter) 36.5+3.6 37.1%£3.7 0.06
% Usual body weight 88.9%7.6 90.4+8.0 0.12
Nutrition Risk Index score 92.3%+6.4 93.8+6.0 0.01
Subjective Global Assessment (%)

Borderline malnourished 22 38

Mildly malnourished 62 53

Severely malnourished 15 9 0.03

no. of patients

Cancer
Esophageal or gastric 41 34
Pancreatic or hepatobiliary 13 13
Colorectal 42 57
Lung 19 24
Other 10 10
All types 125 (65%) 138 (68%)
Other diseases
Esophageal or gastric 11 12
Pancreatic or biliary 25 26
Small or large bowel 11 9
Lung or mediastinal 6 5
Other benign disorders 14 13
All types 67 (35%) 65 (32%)

*Plus-minus values are means =SD.
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Table 4. Complications Observed within 30 Days of Surgery.*

TPN Group
(N =192)

ConTtroL GRrouP

TyPE OF COMPLICATION (N = 203)

no. of episodesino. of patients

Major, infectious

Pneumonia or empyema 1716 9/9
Abdominal abscess 2/2 212
Extra-abdominal abscess 11 0
Fasciitis 33 0
Bacteremia or fungemia 8/7 5/5
Other septic complications ,0 /1
Total 31727 1713
Patients affected (%) 14.1 6.4

Relative risk (TPN:control) = 2.20
95% Confidence interval, 1.19-4.05
Relative risk with control for SGA = 2.23

Major, noninfectious

Anastomotic leak 7/6 12/11
Bronchopleurocutaneous fistula 4/3 6/6
Wound dehiscence 11 /1
Decubitus ulcer 171 171
Chronic respiratory failure (=4 days) 14/13 12/11
Gastrointestinal complicationst 11/10 17/14
Cardiovascular complications 15/15 18/15
Pulmonary embolus 0 11
Renal failure 0 3/3
Total 53/32 71/45
Patients affected (%) 16.7 22.2

Relative risk (TPN:control) = 0.75
95% Confidence interval, 0.50-1.13
Relative risk with control for SGA = 0.71

Minor, infectious

Wound infection 14/12 5/4
Urinary tract infection 17113 19/14
Minor, noninfectious

Uncomplicated arrhythmia 14/11 22/20
Atelectasis 6/6 13/8
Transient respiratory failure§ 6/6 6/6
Catheter-related

Pneumothorax 4/4 0
Mediastinal hematoma 171 0
Hydrothorax 212 0
Air or catheter embolus 33 /1
Thrombosis 1”1 11

*The total numbers of patients shown for major complications are less than the sum of the

patients listed as having individual pl b many pati had more than one
plication. SGA d Subjective Global A
HIncludes bleeding, ob ion, perforation, and isch

+Tnehid dial infarcti i

y ic shock, cardiac arrest, and stroke.
§Respiratory failure requiring the use of a ventilator for <3 days postoperatively.

(range, 420 to 4543), respectively. Of the 203 control
patients who underwent surgery, 3 who could not eat
were given preoperative TPN when clinical conditions
required that surgery be delayed by five or more days.
The remaining control patients received no preoper-
ative TPN or forced enteral feedings. The mean preop-
erative daily intake of calories by mouth in this group
was 1280 kcal (range, 0 to 3342). Postoperatively, 111
patients in the TPN group received TPN for more
than the three days required by the protocol, and TPN
was instituted after postoperative day 3 in 24 control
patients.

One hundred seventy-nine patients in the TPN
group underwent a total of 310 insertions or changes
of a central venous catheter, whereas 84 control pa-
tients underwent a total of 93 catheter insertions or
changes for indications other than TPN. Catheter-
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Table 5. Operative Procedures Performed in the
Randomized Patients.

TPN CoNTroL

TYPE OF PROCEDURE Grour Grour BoTh

Thoracotomy
Pneumonectomy 2 7 9
Lobectomy 10 14 24
Wedge resection 6 4 10
Other 5 4 9
Laparotomy*
Esophagectomy or esophagogastrectomy 21 21 42
Other esophageal procedures 4 3 7
Gastrectomy or gastric drainage 27 20 47
Small-bowel resection or bypass 6 5 1
Colon resection * colostomy 57 68 125
Liver resection or biliary bypass 8 12 20
Cholecystectomy or cholecystostomy 14 18 32
+ common duct exploration
Pancreatic resection or drainage 11 7 18
Urologic procedure 4 6 10
Laparotomy without GI resection or 17 14 31
anastomosist
All procedures 192 203 395
Includ i Binio and th

g 1ap y

p
+GI denotes gastrointestinal.

related complications were uncommon (Table 4), as
were major metabolic disturbances, with only hyper-
glycemia (serum glucose level, >16.7 mmol per liter
[300 mg per deciliter]) occurring in significantly more
patients receiving TPN (38, as compared with 3 con-
trol patients). Bacteremia or fungemia occurred in
seven patients receiving TPN and five control pa-
tients, with one episode attributable to a TPN catheter
and the remainder to other causes.

Mortality and Complications

Thirty-one of the 231 patients initially assigned to
the TPN group (13.4 percent) and 24 of the 228 pa-
tients assigned to the control group (10.5 percent) died
during either the preoperative period or the 90-day
postoperative period. As noted above, two patients in
each group died before surgery, with one death in the
TPN group possibly attributable to catheter sepsis.
The 30-day postoperative mortality rates were 7.3 per-
cent (14 of 192) and 4.9 percent (10 of 203) in the
TPN and control groups, respectively. During the
next 60 days, seven patients in the TPN group and
nine in the control group died from complications of
surgery. Thus, the 90-day rates of mortality related to
complications were 10.9 percent and 9.4 percent in the
TPN and control groups, respectively. An additional
11 patients (8 in the TPN group and 3 in the control
group) died of disease progression or an unrelated
process between postoperative days 30 and 90. None
of these differences in mortality were statistically sig-
nificant.

The rates of major complications during the first 30
postoperative days were similar in the two groups.
Forty-nine of the 192 patients receiving TPN (25.5
percent) and 50 of the 203 control patients (24.6 per-
cent) had such complications. The overall rates of
complications (major or minor) after 30 days were
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37.0 percent and 36.5 percent in the TPN and control
groups, respectively. The rates of complications re-
mained similar at 90 days, with major complications
occurring in 28 percent of both groups. The patients
in the TPN group who completed an optimal course of
TPN had fewer major complications after 30 days
than the patients with a suboptimal course (19.2 vs.
38.7 percent; P<0.05), but the rate in the patients
completing an optimal course was not significantly
lower than that in the control patients.

Although the overall rates of complications were
similar, the types of complications in the two groups
were different. The rates of individual complications
and the relative risks and confidence intervals for the
major categories of complications are shown in Table
4. One or more major infectious complications oc-
curred in more patients receiving TPN than control
patients during the first 30 postoperative days (14.1
vs. 6.4 percent; P = 0.01). One or more major non-
infectious complications occurred slightly (but not
significantly) more often in the control group than
in the TPN group (22.2 vs. 16.7 percent; P = 0.20).
These differences are not explained by differences in
base-line nutritional status, as indicated by the simi-
lar relative-risk ratios with and without covariate
analysis adjusting for base-line Subjective Global As-
sessment. Similarly, an analysis of rates of major
complications according to medical center revealed no
significant differences. This pattern persisted after 90
days, with more infectious complications in the pa-
tients receiving TPN (16.7, as compared with 9.4 per-
cent for the controls; P = 0.04) and slightly more
noninfectious complications in the controls (25.1, as
compared with 19.3 percent for the patients receiving
TPN; P = 0.18).

Complication rates after stratification according to
base-line nutritional status are shown in Table 6.
Among the control patients, the incidence of compli-
cations generally increased with increasing severity of
malnutrition. This relation was not present in the pa-
tients receiving TPN, in whom the incidence of com-
plications was similar in the various nutritional strata.
The marked increase in infectious complications in the
TPN group as a whole was confined to the patients
identified as borderline malnourished (124 patients)
or mildly malnourished (218 patients) by the Subjec-
tive Global Assessment or by a score =83.5 on the
Nutrition Risk Index (362 patients). This difference
reached statistical significance for the patients consid-
ered to be mildly malnourished on the basis of the
Nutrition Risk Index (3.7 percent in the control group
vs. 13.6 percent in the TPN group; P = 0.004) (Table
6). There were fewer noninfectious complications in
the borderline malnourished and the mildly malnour-
ished patients treated with TPN. Although these dif-
ferences were not significant, they largely negated the
increased incidence of infections, so that the over-
all rate of major complications (infectious plus non-
infectious) was only minimally higher for the border-
line malnourished patients who received TPN than for
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Table 6. Cumulative Incidence of Complications 30 Days after
Nutritional Stratification.

DEGREE OF MALNUTRITION*

BORDERLINE MILD SEVERE
Major infectious complications
Subjective Global Assessment
TPN group (%) 12.2 15.2 12.9
Control group (%) 4.0 6.6 10.5
P value (TPN vs. control) 0.15 0.05 1.00
Relative risk 3.05 2.30 1.23

95% Confidence interval 0.80-11.67 0.99-5.32 0.25-6.06

Nutrition Risk Index

TPN group (%) 12.5 14.4 15.8
Control group (%) 9.1 3.7 21.4
P value 0.75 0.004 1.00
Relative risk 1.38 3.86 0.74
95% Confidence interval 0.45-4.22  1.48-10.08 0.17-3.12
Major noninfectious complications
Subjective Global Assessment
TPN group (%) 14.3 16.1 22.6
Control group (%) 16.0 22.6 42.1
P value 1.00 0.23 0.21
Relative risk 0.89 0.71 0.54
95% Confidence interval 0.38-2.11  0.41-1.23 0.23-1.24
Nutrition Risk Index
TPN group (%) 125 20.0 53
Control group (%) 23.6 19.4 42.9
P value 0.20 1.00 0.03
Relative risk 0.53 1.03 0.12
95% Confidence interval 0.22-1.28 0.63-1.69 0.02-0.91

*Patients whose degree of malnutrition was evaluated as borderline had no stigmata of
malnutrition on the Subjective Global A or had scores above 97.5 on the Nutrition
Risk Index. Mildly malnourished patients had few or mild stigmata on the Subjective Global
Assessment or scores from 83.5 to 97.5 on the Nutrition Risk Index. Severely malnourished
pati had multiple or severe sti or both, on the Subjective Global A or
scores below 83.5 on the Nutrition Risk Index. See Methods for details.

controls (24.5 vs. 18.7 percent, P = 0.53), and it
was nearly identical for the mildly malnourished pa-
tients in both groups (TPN, 25.9 percent; control, 24.5
percent).

Among the severely malnourished patients (a group
numbering 50 on the basis of the Subjective Global
Assessment and 33 on the basis of the Nutrition Risk
Index), the frequency of infectious complications was
similar in both the randomized groups. Noninfectious
complications were less common in the severely mal-
nourished patients receiving TPN, and this difference
achieved statistical significance for patients with Nu-
trition Risk Index scores below 83.5 (42.9 vs. 5.3 per-
cent for controls; P = 0.03) (Table 6). The overall
rates of major complications were lower in the pa-
tients receiving TPN who were considered severely
malnourished on the basis of the Subjective Global
Assessment (25.8 vs. 47.4 percent; P = 0.12) or the
Nutrition Risk Index score (21.1 vs. 46.7 percent;
P = 0.11). These differences are numerically large but
of marginal statistical significance, presumably be-
cause of the small size of the subgroups.

DiscussioN

We found no significant reduction in morbidity or
mortality when TPN was provided to a heterogeneous
group of surgical patients. The patients had no specif-
ic indications for preoperative TPN other than malnu-
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trition, were candidates for either prompt or delayed
surgery, were not preterminal, had not undergone sur-
gery recently, and had no concurrent diseases causing
major organ dysfunction. This is not to suggest that
perioperative TPN would be inappropriate in patients
with these characteristics, but we believed that the
exclusion of such patients would reduce the confound-
ing factors that might obscure any beneficial effect of
TPN. The results of this trial will be most applicable
to patients similar to those in the two randomized
groups. ‘

We also report outcome results for two nonrandom-
ized populations. Although not directly relevant to the
central findings, these results may be useful in assess-
ing the validity of the results and their applicability
to clinical settings outside the VA system. In any clini-
cal trial, the results may be influenced if the patients
who refuse to be studied differ in their characteristics
from those who consent. This did not appear to be a
major concern in this study, given the similarity of
the base-line characteristics and the outcomes in the
malnourished nonrandomized group and the study
group. The low rate of complications in the well-
nourished nonrandomized group as compared with
the study group indicates that the nutritional criteria
for eligibility effectively identified a high-risk popula-
tion and that operative results that compare favorably
with national norms can be achieved in the VA system
in patients without extraordinary risk factors. The
lack of such documentation in previous studies in
high-risk populations of veterans has led to skepticism
about the extrapolation of the results to non-VA pop-
ulations.

The study group in this trial was determined to be
malnourished on the basis of an objective nutritional
assessment. From a nutritional perspective, these pa-
tients represented the worst 39 percent of the surgical
candidates, identified after the exclusion of patients
with major concurrent illnesses and a small group
with clear-cut indications for preoperative TPN
(3 percent of the patients in this study). The degree of
malnutrition ranged from borderline to severe, with
some patients appearing well nourished on the basis of
the Subjective Global Assessment despite biochemical
and anthropometric evidence of malnutrition. The ef-
fect of TPN on the operative outcome depended on
each patient’s base-line nutritional status. The thera-
peutic effects were divergent in the patients at the ex-
tremes of the spectrum of malnutrition represented by
the study population.

Stratification according to nutritional status identi-
fied the patients with the most potential for harm and
the most potential for benefit from TPN. Patients with
mild malnutrition did not benefit from TPN but had
more infectious complications. This finding was not
explained by the presence of a catheter (that is, as a
result of catheter sepsis or bacteremia), but instead
it reflected a higher frequency of common postoper-
ative infections (especially pneumonia and wound

The New England Journal of Medicine
Downloaded from nejm.org at RUTGERS UNIV ALEXANDER LIBRARY on March 5, 2020. For personal use only. No other uses without permission.
Copyright © 1991 Massachusetts Medical Society. All rights reserved.



Vol. 325 No. 8

infections). Nor do differences in the types of opera-
tions performed explain this observation, since proce-
dures associated with an increased risk of infection
(such as open-colon procedures) were performed more
often in the control patients. It is unclear whether
the use of TPN was causally related to the increased
rate of infection. The TPN-treated patients were
hospitalized longer (mean, five days) before surgery
than the control patients, perhaps permitting coloni-
zation by resistant pathogens. Alternatively, a possi-
ble role for lipid in this process is suggested by the
results of a trial by Muller et al.® in which the mor-
tality of patients receiving preoperative lipid-based
TPN was higher than that of patients receiving lipid-
free TPN.

In contrast, there was no increase in the frequency
of infections in the severely malnourished TPN-treat-
ed patients, but the frequency of noninfectious com-
plications was significantly lower. These complica-
tions were primarily those indicative of the ability to
heal wounds (anastomotic leaks or bronchopleural fis-
tulae) and maintain normal organ function. This find-
ing is consistent with the results of another study by
Muller et al.,” which demonstrated reduced morbidity
and mortality when TPN was provided before gastro-
intestinal surgery for cancer. The patients in that
study were not selected on the basis of objective evi-
dence of malnutrition, but they were nevertheless
quite malnourished (mean serum albumin level, 35 g
per liter), probably because of their underlying dis-
ease (64 percent had upper gastrointestinal cancer).
Thus, they may approximate the severely malnour-
ished group in this study.

The divergence in the findings of this trial depend-
ing on the patients’ base-line nutritional status is also
consistent with the results of a recent meta-analysis in
which 18 studies of perioperative TPN were reviewed
and the results of 11 studies that met adequate design
criteria were pooled.? This analysis suggested a possi-
ble small benefit of TPN, but the 95 percent confi-
dence intervals for the complication rates were wide.
The authors concluded that any possible benefit of
preoperative TPN in well-nourished patients was
small and not clinically important, whereas efficacy in
mildly or severely malnourished patients might be
greater but would require further confirmation.

This study confirms the lack of benefit of TPN in
borderline malnourished patients, provides strong evi-
dence against clinically important efficacy in mildly or
moderately malnourished patients, and suggests but
does not confirm efficacy in severely malnourished pa-
tients. The severely malnourished population was
small, representing less than 5 percent of the surgical
candidates. These patients may be identified with a
similar degree of confidence by careful Subjective
Global Assessment or reliance on objective criteria. In
the absence of severe malnutrition or other specific
indications for preoperative TPN, most patients are
probably best served by prompt surgery.
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APPENDIX

The following persons participated in the VA Total Parenteral
Nutrition Cooperative Study Group: Gordon P. Buzby, M.D.
(study chairman), University of Pennsylvania School of Medicine;
Gayle Blouin, M.D., University of South Carolina School of Medi-
cine; Cindy L. Colling, R.Ph., M.S., VA Cooperative Studies Pro-
gram Clinical Research Pharmacy Coordinating Center, Albuquer-
que, N.M.; Lon O. Crosby, Ph.D., Numedloc, Inc., Bryn Mawr,
Pa.; Jeffrey E. Doty, M.D., Good Samaritan Hospital, Los Angeles;
John M. Eisenberg, M.D., M.B.A., University of Pennsylvania
School of Medicine; Gary F. Fitzpatrick, M.D., Boston University
School of Medicine and Boston Veterans Affairs Medical Center
(VAMC); John P. Grant, M.D., Duke University Medical Center;
Linda S. Knox, R.N., M.S.N., University of Pennsylvania School of
Nursing; James L. Mullen, M.D., University of Pennsylvania
School of Medicine; Carey P. Page, M.D., Texas Health Science
Center and Audie L. Murphy Memorial Veterans Hospital; Henry
A. Pitt, M.D., Johns Hopkins Medical Institutions; Thomas Pol-
lack, M.D. (deceased); John R. Potts, III, M.D., University of
Texas Health Science Center at Houston; George F. Reinhardt,
M.D., Department of Veterans Affairs (DVA) Hospital (Hines,
Ill.), and Loyola University, Stritch School of Medicine; Thomas
O. Rumley, M.D., University of Maryland and Johns Hopkins
University; Hueldine Webb, M.D., Downstate Medical Center and
Brooklyn VAMC; and William O. Williford, Ph.D., Cooperative
Studies Program Coordinating Center, Perry Point, Md.

The following centers and persons participated in this study:
Chairman’s Office, Department of Veterans Affairs Medical Center
(DVAMC), Philadelphia — study chairman, Gordon P. Buzby,
M.D.; study coordinator, Linda Knox, R.N., B.S.N.; secretary, Teri
Beveridge; Audie L. Murphy Memorial Veterans Hospital, San Antonio,
Tex. — participating investigator, Carey Page, M.D.; research
nurse, Denise Ann Nicewonger, R.N.; research dietitians, Maria
Margarita Rodriquez, R.D., and Audrey Anderson, R.D.; research
pharmacist, Donna Kyle, R.Ph.; DVAMC, Boston — participating
investigator, Garry Fitzpatrick, M.D.; research nurse, Marsha Fel-
lows, R.N.; research dietitian, Kathy Hennessey, R.D.; research
pharmacist, Emilio Conte, R.Ph.; DVAMC, Brookiyn, N.Y. — par-
ticipating investigators, Thomas Pollock, M.D., and Hueldine
Webb, M.D.; research nurse, Mary Doherty, R.N; research dieti-
tians, Julie Bukar, R.D., and Gloria Ferri, R.D.; research pharma-
cist, Allen Blatt, R.Ph.; DVAMC, Durham, N.C. — participating
investigator, John Grant, M.D.; research nurses, Susan Curtas,
R.N., M.S.N,, and Ginny Anderson Williams, R.N_; research dieti-
tian, Lisa J. Cohen, R.D.; research pharmacist, Mike Martz, R.Ph.;
DVAMC, Gainesville, Fla. — participating investigator, Thomas O.
Rumley, M.D.; research nurse, Ann Andel, R.N.; research dieti-
tians, Susan Zoll, R.D., and John Davis, R.D.; research pharmacist,
Thomas Munyer, R.Ph.; DVA, Edward Hines, Jr., Hospital, Chicago —
participating investigator, George Reinhardt, M.D.; research
nurses, Becky Zelmer, R.N., M.S.N., and Sharon Ballweber, R.N;
research dietitians, Laurel LeBeck, R.D., M.S., and Ruth Mitrenga,
R.D,; research pharmacist, Raymond Byrne, R.Ph.; DVAMC, Mi-
ami — participating investigator, Arvey Rogers, M.D.; research
nurse, Jim Spall, R.N.; research dietitian, Anne Orvieto, R.D.; re-
search pharmacist, Catherine Nunez, R.Ph.; DVAMC, Nashville —
participating investigators, Gayle Blouin, M.D., and John R. Potts,
111, M.D.; research nurse, Gail Mayo, R.N.; research dietitians,
Martha Phillips, R.D., Tish Freeman, R.D., and Rachael Stolzen-
burg, R.D.; research pharmacist, Kendal Melton, D.Ph.; DVAMC,
Philadelphia — participating investigator, James L. Mullen, M.D.;
research nurse, June L. Oberlander, R.N.; research dietitians, Bar-
bara Visocan-Klein, R.D., M.S., and Marijo Kitko, R.D.; research
pharmacist, John Callahan, R.Ph.; economic analysis, Henry A.
Glick, M.S.; DVAMC, Sepulveda, Calif. — participating investiga-
tors, Henry Pitt, M.D., and Jeffrey E. Doty, M.D.; research nurses,
Linda Mann, R.N., and Wendy Davidson, R.N.; research dieti-
tian, Johanna Omark, R.D.; research pharmacist, Jeffrey Sayers,
Pharm.D.; Central Laboratory, DVAMC, Philadelphia — director, Lon
O. Crosby, Ph.D.; research technicians, Rick Spencer and Beth
Leonberg, R.D.
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Cooperative Studies Program Clinical Research Pharmacy Coordinating
Center, DVAMC, Albuquerque, N.M. — chief, Mike R. Sather,
R.Ph.,, M.S,; study pharmacists, Clair M. Haakenson, R.Ph., M.S.,
Nancy A. Morgan, R.Ph., and Cindy L. Colling, R.Ph., M.S.

Cooperative Studies Program Coordinating Center, DVAMC, Perry
Point, Md. — chief, Joseph Collins, D.Sc.; study biostatistician,
William O. Williford, Ph.D.; systems analyst, Roderic D. Gillis;
statistical programmers, Keith Rains, M.S., and William F. Krol,
Ph.D.; computer programmer, Diana Preston; statistical assistants,
Christine Scheffler, Mary E. Reeves, and Matoka A. Weitzel; ad-
ministrative officer, Barbara A. McMullen.

Executive Committee — Gordon P. Buzby, M.D. (chairman); Carey
P. Page, M.D.; George Reinhardt, M.D.; Lon O. Crosby, Ph.D.;
Nancy A. Morgan, R.Ph.; Cindy L. Colling, R.Ph., M.S.; William
O. Williford, Ph.D.; John Eisenberg, M.D., M.B.A,, all of the Uni-
versity of Pennsylvania School of Medicine, Philadelphia; and
George McNeal, M.D., DVAMC, Philadelphia.

Operations Committee — George L. Blackburn, M.D., Ph.D.,
(chairman), New England Deaconess Hospital, Boston; Michael
Caldwell, M.D., Ph.D., Rhode Island Hospital, Providence, R.L;
Kursheed Jeejeebhoy, M.B., B.S., Ph.D., University of Toronto,
Toronto, Ont.; Michael H. Kutner, Ph.D., Emory University, At-
lanta; Albert G. Mulley, Jr., M.D., Massachusetts General Hospi-
tal, Boston.

Human Rights Committee — Jean Burchard, R.N. (chairperson),
DVAMG, Perry Point, Md.; Nancy Shuger, Baltimore; Rev. Robert
Grumbine, Baltimore; Herbert Hoover, Perry Point, Md.; David
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Celentano, Sc.D., Baltimore; Daniel Safer, M.D., Baltimore;
Edgard Perez, Silver Spring, Md.; Jerome Levine, M.D., Rock-
ville, Md.

Department of Veterans Affairs Central Office— Daniel Deykin, M.D.,
chief; Janet Gold, administrative officer; Ping C. Huang, Ph.D.,
staff assistant.
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