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Metabolic Changes Associated with
Malnutrition in the Patients
with Multiple Organ Failure

Jiro SATO, Hideo INABA, Hiroyuki HIRASAWA
and Tadanobu MIZUGUCHI

To clarify the metabolic changes associated with malnutrition in
the patients with multiple organ failure (MOF), we measured en-
ergy expenditure, nitrogen excretion, nonprotein respiratory quotient
(NPRQ), caloric intake, and eumulative caloric balance (CCB) in 20
MOF patients (12 survivers and 8 non-survivors). The non-survivors
exhibited significantly greater cumulative caloric deficit than the sur-
vivors. Metabolic activity tended to decline to normal in the survivors
as organ failures were overcome. In the non-survivors, on the contrary,
regardless of large caloric deficit hypermetabolism persisted and char-
acteristically followed by the sudden decrease in metabolic activity at
the time immediately prior to death. Compared to the survivors, the
non-survivors generally exhibited poorer response in metabolic activ-
ity and greater NPRQ change to the altered amount of caloric intake.
It seemed that protein sparing effect by increased caloric intake was
preserved in both the survivors and the non-survivors only with CCB
above —5 times basal energy expenditure. These results suggest that
persistent hypermetabolism and poor metabolic response to nutritional
support are partly responsible for existing organ failures and poor out-
come in MOF patients. (Key words: metabolic activity, caloric balance,
hypermetabolism, respiratory gquotient)

(Sato J, Inaba H, Hirasawa H, et al.: Metabolic changes associated
with malnutrition in the patients with multiple organ failure. J Anesth
7: 276286, 1993)

indirect cal-

take but also glucose overload produce

orimetry has enriched our knowledge
of the energy metabolism and the
nutritional management in critically
ill patients'?. It is well recognized
that not only inadequate caloric in-
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harmful influences on the pathology
in critically ill patients. Malnutrition
may cause anergy, high wvulnerability
to infection, retarded wound healing,
and other complications®*. Excessive
glucose intake over caloric require-
ment, on the other hand, may produce
fatty infiltration of liver’® or make
the patients difficult to be weaned
from mechanical ventilation by increas-
ing CO, production”™®. There have
been many studies which demonstrate
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Table 1. Criteria for organ failures
crgans criteria for diagnosis
cerebral Glasgow coma scale < 3+T or 7
pulmonary respiratory index (A-aDg,/Pag,) > 3.0
cardiac poor response to inotroic agents
hepatic total bilirubin > 5 mg-di™!, serum GOT > 100 U1 T,

gastro-intestinal
renal

coagulopathy

and GPT > 100 IU-J ™!

bleeding requiring blood transfusion of more than 500¢g
BUN > 50 mg-dl™! and serum creatinine > 3 mg-dl~?
satisfying three or more of the following criteria:
platelet < 80, 000 ,f‘mms, FDP > 40 pg-ml™, fibrinogen < 150 mg-dl !

prothrombin time > 15 sec, or obvious bleeding tendency.

the metabolic changes following sepsis,
trauma, burn, and surgical stress® 12,
Although these illnesses are known to
produce high susceptibility to organ
systems failure, it is still remained con-
troversial how the energy metabolism
responds to nutritional management in
MOF patients'3.

Once MOF develops in critically ill
patients, nutritional management is in-
fluenced and often limited by other
treatments such as maintaining car-
diovascular stability or normalization
of body fluid composition and elec-
trolytes. In the patients with cardiac
or renal failure, for example, a large
intake of calorie and nitrogen inher-
ently leads to significant amount of
water load. Those patients, therefore,
may require frequent hemodialyses to
remove the excessive water, which may
result in unstable hemodynamics dur-
ing hemodialyses. Thus, it is occasion-
ally difficult to administer adequate
amount of nutrients to MOF patients.
Although there have been many stud-
ies which demonstrate general influ-
ences of undernutrition on the pa-
tients with cancer or other chronic
illnesses'*~1%, such investigations on
the MOF patients are still not abun-

dant. Therefore, the aim of this study
is to investigate the effect of under-
nutrition on the energy metabolism
during the course of MOF by meas-
uring energy expenditure, nitrogen ex-
cretion, NPRQ), caloric intake, and cu-
mulative caloric balance in the MOF
patients.

Subjects and Methods

The study was conducted on 20
postoperative patients with MOF
{mean age of 54, ranging from 32
to 74 years old, 12 males and 8 fe-
males). All the patients were treated
in our intensive care unit (ICU). Their
primary diseases were esophageal can-
cer in 8, gastrointestinal cancer in 4,
hepatobiliary cancer in 5, and other
diseases in 3 patients. The failures of
organ systems were determined using
the criteria shown in table 1, and MOF
was diagnosed when two or more organ
systems were simultaneously counted
as the failing organs. The factors pre-
cipitating MOF were sepsis or severe
infection in 15 cases, hemorrhage in 4
cases, and hypoxia in 1 case.

All the patients received nutritional
support by intravenous hyperalimen-
tation using the fluid containing glu-
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cose, amino acids and other elements.
The hyperalimentation supplied the
daily caloric intake of more than
700 kcal with calorie-to-nitrogen ra-
tio less than 300. Indirect calorime-
try and other metabolic measurements
were performed on a daily basis until
the patients recovered and discharged
from the ICU (survivors), or died in
the ICU (non-survivors). No uniform
intervention for the nutritional man-
agement was made from the results of
these measurements.

Minute oxygen consumption (Vog)
and carbon dioxide production (Vcoa,
ml-min~! in STPD) were measured ev-
ery morning using a metabolic com-
puter (Engstrom EMC®, Stockholm).
Vo, and Vco, were measured ev-
ery minute for 30-60 min at the
steady state, then the running aver-
ages with a window length of 15-min
were computed and finally the sta-
ble values were taken as the Vo, and
the VCOZ for further analysis. All the
measurements were performed when
all the following conditions were sat-
isfied; 1) on or after the second post-
operative day, 2) neither quality nor
quantity of nutrients had been changed
from at least eight hours before the
initiation throuogh to the end of the
measurement, 3) lipid emulsion had
not been administered for the same
period, 4) no blood purification had
not been performed for the same pe-
riod, and 3) the systolic blood pressure
had remained over 100 mmHg for the
period.

Urinary output (UO, l-day~!), uri-
nary urea nitrogen (UUN, g-/~!), and
blood urea nitrogen (BUN, g-["!) were
measured. In this study, nitrogen ex-
cretion (N-OUT, g-day !) was defined
as the sum of the wurinary nitro-
gen excretion (UO X UUN X 6/5) and
the daily change in the urea nitro-
gen in the body water (AUN). AUN
was calculated using Allen’s formula'”
in which the amount of the body
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water was assumed to be 60% of
the body weight. On the day when
a blood purification was performed,
BUN was additionally measured both
2 hours before and after the blood
purification to estimate the 24-hour
change in BUN (see the calculation
detail in APPENDIX). N-OUT wval-
ues were normalized with the unit of
mg-kg !-day~!. As implicitly specified
in the measurement condition, the in-
direct calorimetry was performed be-
fore blood purification was initiated on
the days when blood purification was
indicated.

Energy expenditure (EE, kcal-day~!)
and NPRQ were computed using
the algorithm of Westenskow et
al.>'®, Intravenous amino acid was
not considered as the exogenous
caloric source. Basal energy expen-
diture (BEE, kcalday ') was calcu-
lated by Harris-Benedict formulas'®.
The metabolic activity and the suffi-
ciency of caloric intake were defined
as EE/BEE and CAL-IN/EE, respec-
tively. The daily caloric balance (CAL-
IN minus EE) was summed up from
day to day starting on the day of
the ICU admission. The running sum
divided by BEE was defined as the
cumulative caloric balance (CCB). The
CCB was classified into three grades of
nutritional status: 1) greater than —5 X
BEE (overnutrition or minimal malnu-
trition), 2) -5 to —10 X BEE (moder-
ate undernutrition), and 3) lower than
—10 X BEE (severe malnutrition).

In the patients who had finally ex-
hibited CCB lower than —10 X BEE,
the serum concentrations of retinol
binding protein and prealbumin were
measured by a radial immunodiffusion
(Partigen®, Behringer Institut) for the
assessment of the protein synthetic ca-
pability of liver.

The correlation between EE/BEE
and other parameters were examined
by a least square linear regression
method. The statistical difference be-
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Fig. 1. Sequential changes in the cumulative caloric balance {CCB) in 20 MOF
patients: the 12 survivors (left panel) and the 8 non-survivors (right panel). The
CCB is expressed as a multiple of basal energy expenditure (BEE). Solid lines
represent the change during MOF and dashed line the change during the recovery
period from MOF (i.e. with no or one organ failure).
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Fig. 2. Sequential changes in metabolic activity in 20 MOF pa-
tients: the survivors (top panel} and the non-survivors (bottom panel}.
The line types are same as in figure 1. Notice that the metabolic activity
gradually declined during the recovery period in the survivors whereas
the non-survivors sustained high metabolic activity followed by a sudden
fall immediately before death.

tween two regression lines was tested differences between the survivors and
by an analysis of covariance. The other the non-survivors were evaluated by a
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Fig. 3. Correlation between CAL-IN/EE
and EE/BEE: -5 x BEE < CCB (top panel),
—10 < CCB < -5 x BEE (middle), and
CCB < —10 x BEE (bottom). Significant pos-
itive correlations were found in the survivors

with CCB above —10 x BEE.

non-paired T test. P values of less than
0.05 were considered significant. The
values in the text were expressed as
the mean * SD.

Results

The sequential changes in CCB are
presented in figure 1. The CCB was
almost negative in both the survivors
and the non-survivors throughout the
courses. In the mnon-survivors (right
panel), the CCB rapidly decreased. Six
out of the eight non-survivors exhib-
ited the severe mnegative balance be-
low —10 X BEE. In the survivors (left
panel), on the other hand, the initial
decrease in the CCB tended to be fol-
lowed by CCB increase. The positive
CCB was achieved in the two survivors
by the day of discharge from the ICU.
The CCB of the survivors on the day

Fig. 4. Correlation between CAL-IN/EE
and NPRQ: -5 x BEE < CCB (top panel},
—10 < CCB < —5 x BEE (middle}, and
CCB < —10 x BEE ({bottom). Significant pos-
itive relationship was found at any stage of
CCB in both the survivors and the non-
survivors. The slopes of the regression lines
were significantly greater in the non-survivors
than in the survivers at CCB > —5 x BEE (top)
and at CCB < —10 x BEE (bottom}.

of the discharge (-4.0 * 4.2 X BEE)
was significantly greater than that of
the non-survivors on the day of death
in the ICU (-13.8 * 6.2 X BEE).

As demonstrated in figure 2, the
metabolic activity in the survivors
tended to decline as some of the organ
failures were overcome (lower panel),
while the non-survivors sustained high
metabolic activity until the time im-
mediately prior to their death (upper
panel).

Significant correlations were ob-
served between EE/BEE and CAL-
IN/EE when CCB was higher than
—10 X BEE in the survivors whereas no
significant correlation was found at any
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Fig. 5. Correlation between CAL-IN/EE

and N-OUT: —5 x BEE < CCB (top panel)},
—10 < CCB < -5 x BEE (middle), and
CCB <« —10 x BEE (bottom). Significant neg-
ative correlations were found in the survivors
and the non-survivors both with CCB of
greater than —5 x BEE.

grade of CCB in the non-survivors

(fig. 3).

Figure 4 demonstrates a positive re-
lationship between CAL-IN/BEE and
NPRQ at any grade of CCB in both
the survivors and the non-survivors.
The slope of the regression line
was significantly greater in the non-
survivors than in the survivors when
CCB was greater than —5 X BEE or
less than —10 X BEE, indicating that
the NPRQ change in response to al-
tered caloric intake was greater in the
non-survivors.

Figure 5 shows the correlations be-
tween CAL-IN/EE and N-OUT. The
significant negative correlations were
obtained at CCB over -5 X BEE
in both the survivors and the non-
survivors.
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Figure 6 illustrates positive relation-
ships between the serum concentra-
tions of rapid turnover proteins and
CCB.

Discussion

In this study, we showed that un-
dernutrition was one of the com-
mon features of MOF patients and
that the non-survivors exhibited larger
caloric deficit than the survivors. Fur-
thermore, we demonstrated that the
metabolic changes which occurred pre-
sumably in response to the altered
amount of caloric intake were consid-
erably different between the survivors
and the non-survivors.

The patients with cumulative caloric
deficit greater than 10 X BEE (CCB
below —10 X BEE) exhibited poor out-
come. This observation is In good
agreement with the report of Bartlett
et al.’® which showed that critically
ill patients burdened with more than
10,000 kecal of cumulative caloric deficit
were claimed high susceptibility to the
development of severe organ failures
and consequently poor outcome. It
may be that in the present study the
caloric deficit seen in the non-survivors
was mainly produced by limited caloric
intake in order to reduce total fluid
intake in the patients with renal fail-
ure, unstable hemodynamics or the
patients requiring large blood transfu-
sion. The sustained hypermetabolism,
however, might certainly augment this
caloric deficit by widening the gap be-
tween energy expenditure and caloric
intake. Although both the survivors
and the non-survivors presented hy-
permetabolism at the initial stage of
MOF, the metabolic activity tended
to decline as organ failures were se-
quentially overcome in the survivors
(fig. 2). It is characteristic, in con-
trast, that hypermetabolism persisted
in the non-survivors until their death,
then followed by the sudden decrease
in metabolic activity. This is in accord
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Fig. 6. Correlations between rapid turnover proteins and CCB: retinol bind-
ing protein (left panel) and prealbumin (right panel).

with the reports that the metabolic
activity increased in proportion to sur-
gical or traumatic stress, infection,
and fever?”?! and that the metabolic
activity in critically ill patients re-
flected the severity of illness assessed
by APACHE II score?’. These argu-
ments suggest that undernutrition in
the MOF patients is in close relation
to their persistent hypermetabolism.
Therefore, treating the underlying or-
gan failures, per se, could be one of
the important metabolic interventions
by reducing caloric demand.

It is generally accepted that the in-
crease in caloric intake induces the in-
crease in metaboic activity in depleted
non-stressed patients who attempt to
acclimatize metabolic environment by
changing basal energy expenditure'®,
In the present study, however, this
positive relationship between caloric
intake and metabolic activity could
be found only in the survivors with-
out severe cumulative caloric deficit
(fig. 3). Astiz et al.?® and Dahn?

found that the delivery-dependent oxy-
gen consumption in tissues was present
in wider range of oxygen delivery in
septic patients than healthy subjects.
This may be applied to our results
and a possible speculation is as fol-
lows. The survivors were generally in
the condition of delivery-independent
oxygen consumption so that they could
increase Vo, as the amount of energy
substrate increased. On the contrary,
the non-survivors’ oxygen consump-
tion was dependent on the oxygen
delivery, therefore, they could not in-
crease VO, in response to the increased
caloric intake unless the oxygen deliv-
ery to tissues was not regained. Dahn
et al.?® demonstrated the presence of
splanchnic ischemia produced by the
mismatching between splanchnic blood
flow and oxygen demand. Bihari et
al.?® found substantial oxygen debt in-
troduced by the infusion of prosta-
cyclin in critically ill patients with
respiratory failure. These suggest that
not the total amount of oxygen output
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from the cardio-respiratory system but
the amount of oxygen which actually
reaches to the metabolic tissues takes
a key role in maintaining the adequate
metabolic response to increased caloric
intake?*?”. In this sense, it might not
be helpful solely to administer enough
calorie which meets energy expendi-
ture. In addition, the maintaining ad-
equate blood supply to the metabolic
organs may be an essential measures
to furnish those organs with sufficient
amount of oxygen?®:2°,

There was a significant positive cor-
relation between NPRQ and CAL-
IN/EE at any level of CCB in both
the survivors and the non-survivors.
The change in NPRQ may give us
an indirect but a useful insight into
energy substrates oxidized. One con-
siderable finding in the NPRQ wvs.
CAL-IN/EE relationship is that NPRQ
either greater than 1.0 or smaller than
0.707 was not exceptional (fig. 4).
These could not be achieved by the
oxidation of essential energy sources
— glucose, fat and amino acids since
the respiratory quotients for the three
are 1.0, 0.707 and 0.82, respectively.
Giovanini et al.’® suggested in criti-
cally ill patients that impaired glucose
oxidation and subsequent fatty degen-
eration in liver might occur as the
result of the relative ischemia, or by
endotoxin and chemical mediators in-
volved in host defence. The greater
increase in NPRQ with incremental
CAL-IN/EE seen in the non-survivors
might imply this possibility since the
lipogenesis from glucose has RQ of
9.0 (much higher than unity}. Askanazi
et al.?! reported that a large dose of
glucose did not suppress net fat ox-
idation in hypermetabolic patients as
did in non-stressed depleted patients.
Thus, MOF patients may fail to utilize
the incremental dose of glucose as an
energy source but consume it for fat
synthesis. Fat synthesis is an ineffec-
tive way of energy production which
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may lead to further caloric deficit in
hypermetabolic patients. In this case,
the effort to attain positive caloric bal-
ance may result in further metabolic
derangement.

Clowes et a proposed the con-
siderable role of a cleavage product of
Interleukin 1 in increased protein mo-
bilization from skeletal muscle in septic
or traumatic patients. Cerra et al.3!
demonstrated that autocannibalism of
muscle mass was little influenced by
either glucose or amino acid support
in the absence of the control of septic
process. These arguments might hold
our patients with moderate or severe
cumulative caloric deficit. The negative
correlation between. CAL-IN/EE and
N-OUT, however, was found in both
the survivors and the non-survivors
only with no or mild caloric deficit.
This may suggest that protein sparing
by increased caloric intake might be
preserved in the patients before sus-
taining large caloric deficit.

The synthesis of the rapid turnover
proteins, which are produced in liver,
decreased with the development of
malnutrition. Not the malnutrition in
itself but the organ failures, particu-
larly hepatic failure, may be responsi-
ble for the reduced protein synthesis,
since hepatic failure was almost al-
ways present at the stage of severe
caloric deficit. This deteriorated syn-
thesis of the proteins might be in
charge of immuno-incompetence or de-
layed wound healing. Our results might
agree with the results of Clowes et al®,
They found that the amino acid mobi-
lization in vivo, determined by central
plasma clearance rate of amino acid,
was correlated with hepatic protein
synthesis in vitro, and that it was
greatly depressed in septic patients
who were going to die of overwhelming
infection.

In summary, the study suggests that
the persistent hypermetabolism may
produce malnutrition by broadening

1 32,33
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the difference between energy expen-
diture and caloric intake in MOF
patients. Malnutrition may occur in
the process of organ failures and, in
turn, the organ failures may aggra-
vate malnutrition by barring the nutri-
tional support®®. The nutritional sup-
port with adequate calorie and amino
acid, therefore, may be the only logical
solution. If fluid intake is limited be-
cause of renal failure, unstable hemo-
dynamics, or blood transfusion, etc.,
continuous hemofiltration may be an
effective measures for full nutritional
support®$—3%, In patients who fail the
metabolic response to nutritional sup-
port, however, full nutritionall intake
may be ineffective or even harmful.
Then maintaining sufficient blood flow
to the metabolic organs may be helpful
to prevent relative ischemia or oxygen
debt — tissue hypoxia, for example, us-

ing dopamine?%27~2°% or vasodilators?®.

APPENDIX:

Calculation of AUN on a day of blood purifica-
tion:
Allen’s formula is

AUN = (BUN2-BUN1)

X body weight X 0.6,

where BUN1 and BUN2 are BUN meas-
ured in the mornings of the day and the
next day, respectively. However we cannot
use this formula to calculate AUN on the
days when any form of blood purifications
is performed, since a significant amount
of UN is removed from the body through
blood purifications. The alternative we
adopted is to assume that the rate of
UN production is constant throughout a
day and to estimate 24-hr AUN from
BUN changes in the periods when blood
purifications are not performed on.
Suppose that a blood purification
started X+42 hours after the measure-
ment of BUN1 and ended Y+2 hours
before the measurement of BUN2, and
that the values of BUN were A and BX
hours after BUN1 measurement and Y
hours before BUN2 measurement, respec-
tively. The 24-hour change in BUN of the
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day, ABUN, is,

(BUN2-B) + (A-BUN1)
X+Y

ABUN = X 24,

Therefore,
AUN = ABUN X body weight X 0.6.

{Received Apr. 15, 1992, accepted for
publication Oct. 26, 1992)
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