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How transplant patients are fed in the intensive care
unit: A one-year retrospective study
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Background and Objectives: Even though the nutritional status of patients following organ transplant has a sig-
nificant effect on outcomes, the energy intake of transplant patients hospitalized in the intensive care department
is not well reported. The present study aims to examine the medical nutritional therapy of transplant patients in a
large transplant center. Methods and Study Design: Data were collected retrospectively. All patients after peri-
operative transplant surgery or with late complications after organ transplants were included. The study included
78 patients who underwent liver (n=36), kidney (n=21), lung (n=14), pancreas (n=3) or both pancreas and kidney
(n=4) transplants in 2017. Energy requirements were predicted using the Faisy-Fagon predictive equations calcu-
lated daily for 14 days. Energy intake was assessed, and daily energy balance was calculated. Complications and
mortality were noted. Results: The mean energy intake was 1150 kcal/day. Most patients were in a negative en-
ergy balance (NEB; range —5735 to 3437 kcal/day). A greater NEB was associated with longer length of ventila-
tion (LOV) and length of stay (LOS). The observed mortality rate was 42.3%. The correlation between energy
balance (14 days) and LOS was r=—0.549; for LOV, it was r=0.569. Patients who underwent lung transplant had
the highest negative energy balance and the highest mortality (p<0.01). Conclusions: Most of the transplant pa-
tients were underfed, and there was a significant correlation between energy balance and mortality (r=—0.324).
Optimal energy intake should be assessed prospectively.
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INTRODUCTION

Malnutrition is a common diagnosis in patients who have
had an organ transplant.! Insufficient nutritional status
has been associated with complications such as morbidity
and mortality and is associated with an extended hospital
stay.? Studies clearly show that early identification of
nutritional deficiencies and initiation of appropriate

treatment can prevent complications in transplant patients.

Nutritional treatment is, therefore, an essential factor in
the standard of care after transplantation surgery.'™ spe-
cifically, according to a study by inadequate intake of
protein and calories leads to changes in body composition
and reduces biological function.

If the patient has a functioning gastrointestinal tract, the
recommendations are to initiate early enteral nutrition.>”’
Although the nutritional status of transplant patients has a
significant effect on outcomes, the energy intake of the
intensive care unit (ICU) transplant patients is not always
well reported. The objective of the present study was to
audit the nutritional intake from enteral and parenteral
nutrition administered to organ transplant patients in a
large transplant center.

METHODS
The study population included all transplant patients
(N=78) admitted to the ICU of Rabin Medical Center

(Israel), a 16-bed multidisciplinary unit in a university-
affiliated tertiary-care medical center, in 2017. The study
was conducted for 1 year and included all patients admit-
ted after elective transplant surgery or complications from
transplant surgery. The Rabin Medical Center institution-
al ethical review board approved the study. The IRB
waived the requirement to obtain informed consent from
the patients, because of the retrospective design, which
analyzed the data from the ICU computerized system
patient confidentiality that maintained by encoding pa-
tient identification information in a manner that prevents
identification of individual patients. During 2017, 36 liver
transplant patients, 21 kidney transplant patients, 14 lung
transplant patients, 3 pancreas transplant patients and 4
pancreas-kidney transplant patients were admitted. Heart
and lung perioperative transplant patients were excluded
because they were not accepted in the general intensive
care department but in the open-heart surgery intensive
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care unit immediately after transplantation. Therefore,
only the liver and kidney-pancreas transplants were ad-
mitted directly from the operating room or after compli-
cations; the others were admitted only after complications
and far from the transplant surgery.

Data were taken from a computerized system (iMDsoft,
Israel) used in the ICU and included demographics, the
Acute Physiology and Chronic Health Evaluation
(APACHE 1I) score, the Sequential Organ Failure As-
sessment (SOFA) score, body mass index (BMI), LOV,
LOS in the ICU and mortality after 60 days. In addition,
the daily average of parenteral and enteral energy intake
was recorded over a period of 14 days of ICU hospitaliza-
tion. Faisy-Fagon predictive equations for energy ex-
penditure® from day 1 to day 14 following admission
were retrieved from the computerized information system,
enteral and parenteral nutrition were reported. Energy
balance was calculated every day by subtracting energy
requirements obtained by the Faisy-Fagon equation from
energy intake (enteral and/or parenteral nutrition).

Statistical analysis

Continuous, normally distributed variables are presented
as the mean =+ standard deviation (SD). A comparison of
measurements was performed using the t-test.

The mean differences were calculated by comparing
the sum of the enteral and parenteral energy intake from
day 1 to day 14 to the target energy intake.

The energy balance was obtained by applying the Fai-
sy-Fagon equation to descriptive statistics and was com-
pared between nutritional methods by the one-way
ANOVA test (SPSS 25 software, USA). Statistical signif-
icance for a two-sided test required p<0.05.

The survival rate was obtained using the chi-square test.
In addition, the Pearson test was administered to calculate
the correlation between negative energy balance (NEB),
LOV and hospitalization LOS.

RESULTS
The study population included a total of 78 transplant

Table 1. Patient characteristics

patients admitted to the ICU after elective surgery (n=43)
or after postsurgical complications (n=35). The partici-
pants comprised patients who had undergone transplants
involving the kidney (n=21), lung (n=14), liver (n=36),
pancreas (n=3) or both pancreas and kidney (n=4). The
average age was 53%15 years. The mean APACHE II
score was 28.8+3.4, and the mean SOFA score was
9.9+4.2 (Table 1), showing the severity of illness of the
patients.

The mean energy requirement, based on the Faisy-
Fagon predictive equation, was 1867+178 kcal/day. On
the 3rd day after admission, results indicated that the pa-
tients received an average of 6294493 kcal/day through
enteral, parenteral or supplemental parenteral nutrition.
On the 8th day after admission, the average energy intake
of the patients increased to 1252+695 kcal/day and stabi-
lized to give an average nutritional intake of 1238+913
kcal/day on the 14th day of hospitalization (Fig. 1). Most
patients were in an NEB by the second day after admis-
sion (—1178+599 kcal/day). When calculating the energy
intake of the patients, during the first 7 days after ICU
hospitalization, enteral nutrition and parenteral nutrition
together reached 40% of the energy target (705 kcal out
of an energy target of 1783 kcal). Forty-eight patients
received enteral nutrition and 16 patients received paren-
teral nutrition. Fourteen patients received enteral and
supplemental parenteral nutrition.

The mean LOS in the ICU was 7.6+11 days, with a
mean LOV during that time of 5.2+8.3 days. The mortali-
ty rate was 42.3% (33/78) in patients with an APACHE II
score of 28.8+3.4. The lung transplant patients admitted
with postsurgical complications had the highest NEB (—
9124589 kcal/day) and the highest mortality rate (93%,
X2=21.83, p<0.01). All these patients were suffering from
septic shock and required high doses of vasopressors. The
results show a significant correlation between higher en-
ergy deficit and LOS (r=0.549, p<0.01) as well as LOV
(r=0.569, p<0.05).

Transplant organ Elective, Complication admission,
No. (%) No. (%)

Kidney 12 (15.4) 9 (11.5)
Lung 0(0) 14 (17.9)
Pancreas 0(0) 339
Liver 27 (34.6) 9 (11.5)
Kidney + pancreas 4(5.1) 0 (0)
Criteria Mean+SD
Age 52.70+14.75
BMI 25.49+6.18
APACHE II 28.8+3.4
Total SOFA score 9.94+4.2
LOV (days) 5.23+8.3
LOS (days) 7.6x11
Gender

Male 48 (61.5)

Female 30 (38.5)

BMI: body mass index; APACHE II: acute physiology and chronic health evaluation; SOFA: sequential organ failure assessment; LOV:

length of ventilation; LOS: length of stay.
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Figure 1. Difference between mean target energetic intake and mean enteral and parenteral nutrition of transplanted patients from the first
day to 14th day after ICU admission. The difference presented as negative energy balance (NEB).

DISCUSSION

Our audit suggests that transplant patients received a hy-
po energetic intake during their ICU stay. Negative ener-
gy balance has been shown to increase post-surgical
complications and mortality.® After transplant surgery, the
patients are treated with inotropic medications and usual-
ly require mechanical ventilation.!” According to the Eu-
ropean Society for Clinical Nutrition and Metabolism
(ESPEN) guidelines for clinical nutrition in the ICU,’
patients whose energy needs are estimated using predic-
tive equations should be treated with hypo energetic nu-
trition (70% of the energy target) for the first week rather
than iso energy nutrition that can supply 85% to 100% of
the energy target. However, it now appears that the treat-
ing medical team may underestimate the patients’ nutri-
tional needs despite the critical role of nutrition. The pre-
sent study results stress the fact that the energy nutritional
intake by enteral and/or parenteral nutrition in the first 7
days of ICU hospitalization amounted to only 40% of the
nutritional target. Other research has also shown a hypo
energetic intake in ICU populations.!! Our group showed
that a too- hypo energetic intake might be associated with
an increased risk of mortality.’

According to the Faisy-Fagon equation calculation of
the target kcal/day, all the transplanted patients in the
present study received from 192 to 1252 kcal/day on av-
erage, much less than required. This deficit was shown to
have a significant effect on outcome after transplantation
surgery. showed that a cumulative NEB overtime was
closely associated with postsurgery complications such as
sepsis, adult respiratory distress syndrome (ARDS), renal
failure, renal replacement therapy, and overall total com-
plication rate.!® According to the present study, under-
feeding with less than 70% of the nutritional target was
associated with increased LOS and LOV.

A study conducted by Wilcox 2 concluded that malnu-
trition after transplant surgery represents an independent
variable for mortality. In accordance with this observation,
lung transplant patients in our study, whose NEB was
lower than that of other study participants, had a signifi-
cantly higher rate of mortality (93%) than the overall rate

of 42.3%. Although the causes of more morbidity and
mortality in transplant patients are multifactorial as re-
sults from other explanation categories related like elec-
tive transplant patients, the primary pathology, degree of
the illness type of solid organ transplant, etc., However,
the purpose of the current study indicate a significant hy-
po energetic intake in these patients which may have rea-
son for higher morbidity and mortality.

The reason for not reaching the energy target despite an
appreciation of the dangerous consequences of underfeed-
ing is not clear. A number of reports in the literature!?4
have discussed the possibility that reliance on measure-
ments of gastric residual volume (GRV) in the ICU can
result in insufficient energy intake in transplant patients
because of the fear of an increase in GRV." In addition,
the amount of time during which the patient is outside the
ICU, possibly in the operating theatre or undergoing
computed tomography, a magnetic resonance imaging
scan, etc., can reduce the time the patient receives enteral
(EN) or parenteral nutrition (PN), especially if the medi-
cal staff delays the resumption of supply.'® These issues
may contribute to the development of an NEB.

In practice, the first 7 days of hospitalization in the
ICU can be divided into 2 main phases: the early acute
phase and the late acute phase. The early phase, which
typically occurs during the 1st and 2nd days in the ICU, is
characterized by a highly catabolic state. The late phase,
from the 3rd up to the 7th day, is characterized by a high
level of muscle deterioration and metabolic disturbances.”
There is currently no validated specific ICU nutrition
assessment that can reliably satisfy the requirements of
critically ill patients. Consequently, all patients admitted
to the ICU should be considered at risk for malnutrition.”
Patients in the present study were hospitalized in the ICU
for at least 48 hours, so all were considered to be at high
risk for malnutrition. Considering the energy requirement
for the first 7 days of ICU hospitalization compared to the
inadequate energy intake recorded in the present study,
the high mortality rate (42.3%) may be explained by pre-
vious studies that reported an association between NEB
and mortality in the ICU.!%!7
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The present study data show that when the enteral en-
ergy intake of the patient was insufficient to achieve the
target nutrition, the patient did not receive the recom-
mended amounts of parenteral supplements. According to
the ESPEN guidelines,’ there is a complete consensus that
oral diet is preferable over all other options if the patient
is able to eat.” If not, EN should be initiated within the
first 48 hours, followed by PN or supplemental PN within
3 to 7 days if the patient is unable to obtain the full
amount of nutritional calories through EN. A major con-
cern is a risk of overfeeding when using PN, and there is
also a risk of increased infectious morbidity.!” However,
recent studies seem to agree that the amount of nutrients
provided is more significant than the possibility of com-
plications due to the route of nutritional support.'®!°

Our study has limitations. First, this study was a retro-
spective mono center study. A different type of center
perhaps would give results that are easier to generalize to
other populations. Second, protein intake was not acces-
sible and is not shown in this study, we concentrate just
on energy balance. Nitrogen deficit may also have affect-
ed outcomes. We chose to use the Faisy-Fagon equation
mainly because it was developed using a population of
very ill patients with APACHE II and SOFA scores very
similar to those of our patients. However, it would have
been preferable to use indirect calorimetry to accurately
evaluate the energy balance estimated in our study. Final-
ly, the observed mortality may be associated with factors
other than undernutrition, since lung transplant patients
with severe septic shock have a high mortality rate.

Conclusion

Our study shows that most of the transplant patients ad-
mitted in our ICU were underfed. NEB was associated
with higher mortality, most notably in patients who had
undergone a lung transplant. Enteral and supplemental
parenteral nutrition may be effective if a calorie target can
be précised, and this could minimize the NEB. Finally,
energy intake and calorie balance should be assessed dai-
ly to prevent the occurrence of severe NEB and complica-
tions.

ACKNOWLEDGEMENTS

The author is thankful to Professor Pierre Singer and Dr.Ilya
Kagan from the intensive care unit in Rabin medical center for
their supervision and editing of the English text of the manu-
script. And to all the staff members for their help and support.

AUTHOR DISCLOSURES:
The authors declare no potential conflicts of interest.

REFERENCES

1. Merli M, Giusto M, Giannelli V, Lucidi C, Riggio O.
Nutritional status and liver transplantation. J Clin Exp
Hepatol. 2011;1:190-8.

2. Wilcox CM. Exam 1: prevalence and mechanisms of
malnutrition in patients with advanced liver disease, and

nutrition management strategies. Clin Gastroenterol Hepatol.

2012;10:¢17-e18.

3. Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist
O, Soeters P et al. ESPEN guidelines on enteral nutrition:
Surgery including organ transplantation. Clin Nutr. 2006;25:
224-44.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hasse JM, Blue LS, Liepa GU, Goldstein RM, Jennings LW,
Mor E Marlon H, Thomas L, Klintmalm GG. Early enteral
nutrition support in patients undergoing liver transplantation.
JPEN J Parenter Enteral Nutr. 1995;19:437-43.

de Luis DA, Izaola O, Velicia MC, Antolin GS, Pajares FG,
Terroba MC, Cuellar L. Impact of dietary intake and
nutritional status on outcomes after liver transplantation.
Rev Esp Enferm Dig. 2006;98:6-13.

Heidegger CP, Berger MM, Graf S, Zingg W, Darmon P,
Costanza MC, Thibault R, Pichard C. Optimisation of
energy provision with supplemental parenteral nutrition in
critically ill patients: a randomised controlled clinical trial.
Lancet. 2013;381:385-93. doi: 10.1016/S0140-6736(12)613
51-8.

Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC,
Casaer MP et al. ESPEN guideline on clinical nutrition in
the intensive care unit. Clin Nutr. 2019;38:48-79.

Savard JF, Faisy C, Lerolle N, Guerot E, Diehl JL, Fagon JY.
Validation of a predictive method for an accurate assessment
of resting energy expenditure in medical mechanically
ventilated patients. Crit Care Med. 2008;36: 1175-83. doi:
10.1097/CCM.0b013e3181691502.

Zusman O, Theilla M, Cohen J, Kagan I, Bendavid I, Singer
P. Resting energy expenditure, calorie and protein
consumption in critically ill patients: a retrospective cohort
study. Crit Care. 2016;20:367.

Dvir D, Gibstein L, Grozovski E, Gordgi D, Shapiro M,
Cohen J, Singer P. Negative energy balance is highly
correlated to complications in critically ill patients. Clin
Nutr. 2003;22(Suppl 1):S47. (Abstract only)

Heyland DK, Schroter-Noppe D, Drover JW, Jain M, Keefe
L, Dhaliwal P, Day A. Nutrition support in the critical care
setting: current practice in canadian ICUs--opportunities for
improvement? JPEN J Parenter Enteral Nutr. 2003;27:74-83.
Rogers EJ, Gilbertson HR, Heine RG, Henning R. Barriers
to adequate nutrition in critically ill children. Nutrition.
2003;19:865-8. doi: 10.1016/s0899-9007(03)00170-9.
McClave SA, Sexton LK, Spain DA, Adams JL, Owens NA,
Sullins MB, Blandford BS, Snider HL. Enteral tube feeding
in the intensive care unit: factors impeding adequate
delivery. Crit Care Med. 1999;27:1252-6.

De Jonghe B, Appere-De-Vechi C, Fournier M, Tran B,
Merrer J, Melchior JC, Outin H. A prospective survey of
nutritional support practices in intensive care unit patients:
what is prescribed? What is delivered? Crit Care Med. 2001;
29:8-12. doi: 10.1097/00003246-200101000-00002.

Ozen N, Blot S, Ozen V, Arikan Donmez A, Gurun P, Cinar
FI, Labeau S. Gastric residual volume measurement in the
intensive care unit: an international survey reporting nursing
practice. Nurs Crit Care. 2018;23:263-9.

Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M,
Lev S, Elad Grozovski E, Theilla M, Frishman S, Madar Z.
The tight calorie control study (TICACOS): a prospective,
randomized, controlled pilot study of nutritional support in
critically ill patients. Intensive Care Med. 2011; 37:601-9.
Villet S, Chiolero RL, Bollmann MD, Revelly JP, Cayeux
MC, Delarue J, Berger MM. Negative impact of hypocaloric
feeding and energy balance on clinical outcome in ICU
patients. Clin Nutr. 2005;24: 502-9.

Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M,
Meyfroidt G et al. Early versus late parenteral nutrition in
critically ill adults. N Engl J Med. 2011;365:506-17.

Doig GS, Simpson F, Sweetman EA, Finfer SR, Cooper DJ,
Heighes PT, Davies AR, O’Leary M, Solano T, Peake S.
Early parenteral nutrition in critically ill patients with short-
term relative contraindications to early enteral nutrition: a
randomized controlled trial. JAMA. 2013;309:2130-8.



