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A b s t r a c t .  214 patients among 282 consecutive 
admissions had  at least one measurement of  serum 
albumin (SA) during their stay on the ICU and were 
classified according to their lowest value of SA. Mean 
SA was 2.88 + 0.74 g/100 ml. Survivors had a mean 
SA (3.18 _+ 0.60) higher than non-survivors (2.35 + 
0.68 g/100 ml) (p < 0.05). 64% of  patients were 
admitted with an abnormally low SA (less than 3.5 
g/100 ml) and in 56% of  these the initial value was 
higher than the last. Mortality increased in the groups 
with lower SA and the level of  SA was associated with 
infection (x 2 = 73.9) and mortali ty (x 2 = 69.7) 
(p < 0.05). The percentage of  infected patients who 
died increased in groups with lower SA. 

Key  w o r d s :  Serum albumin - H y p o a l b u m i n e m i a  - 
I n f e c t i o n  - Septicemia - Mortality on ICU 

I n t r o d u c t i o n  

Serum albumin (SA) reflects the state of  visceral 
protein [2, 7] and has been used alone or with 
anthropometric  measures as an indicator of  the 
nutritional situation [3, 4, 6, 8, 19]. Infection compli- 
cates the management  and leads to death in many 
intensive care patients, at the same time posing a 
catabolic burden [1, 14]. 

Pat i en t s  a n d  M e t h o d s  

The records of  282 consecutive admissions (267 
patients) to the Intensive Care Unit (ICU) were 
reviewed. Two hundred and fourteen patients had at 
least one SA measurement and they were classified 
according to their lowest value (Table 1). In 99 

patients with only one SA measurement,  this was 
considered as the lowest. 

Forty-six percent of  the patients were admitted 
f rom the Emergency Room,  and 54% were transferr- 
ed f rom within the hospital. Respiratory failure, acute 
or chronic (30%), neurological problems (23%), 
uncompensated diabetes (8%), shock (7%), cardiac 
(7%), hepatic (6%) and renal failure (5%) were the 
most frequent diagnoses. No patient was excluded 
f rom the analysis. 

Serum albumin was determined by a colorimetric 
method using bromcresol green in an automated 
technique*. Every sample taken for culture was 
included as "cultures",  except blood samples that 
were handled as a discrete group. Tracheal aspirates 
were obtained routinely twice a week, urine samples 
once a week and the other samples when clinically 
indicated. A patient was considered as infected with a 
positive blood culture; with a negative blood culture 
in association with temperature ( > 3 8 ~  and 
leukocytosis ( > 1 2 0 0 0 / m m  3) and with a positive 
culture (other than blood) in conjunction with fever 
and/or  leukocytosis. 

Blood for chemical and haematological tests was 
withdrawn in most  instances on admission and 
thereafter at least once a week. Statistical analysis 
included Student 's  t-test for  non paired observations 
and chi-square for categorical data. 

Resul t s  

There were 172 males and 110 females. The overall 
mortality was 36%; it was not associated with the 
availability of  SA determinations (x 2 = 0.17) and was 

* SMA 1/60, Technicon Instruments Corporation. Tarrytown 
New York 10591 USA 
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Table 1. General data of the population 
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Group I I1 III IV V 

Lowest serum albumin > 3,5 3.4 - 3.0 2.9 - 2.5 2.4 - 2.0 < 2.0 
(g/100 ml) 

Number  of  patients 56 44 51 40 23 
Age (years) ,~ 47.2 49.7 53.9 62.2 60.8 

s.d. 20.6 19.2 17.3 12.2 9.1 
Number  o f  a lbumin  ,~ 1.3 1.8 3.4 3.7 3.9 

determinations s.d. 0.7 1.7 4.1 3.2 2.6 

Lowest serum albumin :2 3.81 3.22 2.67 2.24 1.61 
(g/100 ml) s.d. 0.27 0.14 0.15 0.13 0.32 

Highest temperature ~ 37.4 37.8 38.3 39.0 38.8 
(~ s.d. 0.8 0.9 1.3 1.2 1,4 

Highest leukocytes n 51 41 49 39 23 
( x 1000/mm 3) ~ 11.7 13,0 16.7 13.7 16.7 

s.d. 5.4 6.8 7.6 7.0 9.0 
Bands and juvenile ~ 1,0 1,8 4.1 5.7 l 1.0 

neutrophils (070) s.d. 2.2 2.9 5.6 8.0 t3.7 
Lowest [ymphocytes ~ 1504 1081 677 512 315 

( / ram 3 ) s,d. 818 529 503 352 246 

Table 2. Infection and survival according to the lowest serum albumin 

Group I II III IV V Total 

Number  of  patients 56 44 51 40 23 214 
Lowest serum albumin (g/100 ml) >3.5 3.4-3.0 2.9-2.5 2.4-2.0 <2.0 - 

Infected patients/all patients 11/56 19/44 40/51 36/40 23/23 129/214 
% of infected patients 20 43 78 90 100 60 

Infected non survivors/all infected 1/11 5/19 18/40 18/36 22/23 64/129 
07o of infected non survivors 9 26 45 50 96 50 

Survivor~ non infected/all survivors 42/52 23/37 7/29 1/19 0/1 73/138 
070 of survivors non infected 81 62 24 5 - 53 

similar in patients with or  wi thout  SA measurements  
(36% and 38% respectively). 

The mean  SA was 2.88 + 0.74 g /100  ml and 
survivors had a mean  value (3.18 + 0.60 g /100  nil) 
higher than non-survivors  (2.35 + 0.68 g /100 ml) 
(p < 0.05). Only  36% of  patients were admit ted with 
SA in excess o f  3.5 g /100  ml. In  56% o f  the 115 
patients with more  than  one SA measurement ,  values 
o f  SA lower than  the initial were observed.  A m o n g  
fatalities the admit t ing SA was higher than  the last in 
67~ while survivors presented this finding in 74%.  

In  groups  with lower SA the mean  highest 
temperature  and mean  highest leukocyte count  were 
raised. Lymphocy te  counts  were significantly higher 
in groups  I and  I I  than in the others (p < 0.05) (Table 
1). Survivors had a mean  lymphocy te  count  (n = 129, 

= 1117 • 7 1 5 / m m  3) significantly higher than non  
survivors (n = 74, ~ = 635 + 1274 /mm 3) 
(p < 0.05). 

The percentage o f  patients considered as infected 
and the morta l i ty  rate increased in groups  with lower 
SA (Figs. 1 and 2). The lowest level of  SA was 
associated with morta l i ty  (x 2 = 69.7) and with infec- 
t ion (x e = 73.9) (p < 0.05). Infect ion was statistically 
related to morta l i ty  (x; = 26.7) (p < 0.05) and  the 
morta l i ty  rate o f  infected patients (50%) exceeded 
that  o f  non- infected patients (14%). 

Discuss ion  

Although in 10~ o f  our  patients a low SA might  have 
reflected the basic pa thology,  thus not  representing 
malnourishment ,  hypoa lbuminaemia ,  whatever its 
cause, cannot  be considered as an index o f  adequate  
nutr i t ion [4, 6] and usually a low albumin reveals a 
significant protein deficit [4]. We have considered, as 
other workers  have done [ 3 - 6 ,  10], a level o f  SA 
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Fig. I. The percentage of patients considered as infected raised 
progressively up to a 100% in the lowest serum albumin groul5 
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Fig. 2. Mortality rate raised as the level of serum albumin 
diminished, reaching 96% in the group of patients with the most 
severely depressed albumin 

below 3.5 g/100 ml as abnormally low and indicative 
of malnutrition, although anthropometric variables 
were frequently taken into account in these studies [4, 
6, 81. 

Low SA levels are frequent in hospitalized patients 
[3, 4, 6] with greater reductions in the more severely ill 

[3]. More than half of our patients were admitted 
from hospital wards and two thirds of all cases had a 
reduced initial SA. Fifty six percent of ICU patients 
presented a low SA, but liver diseases were excluded 
[8]. We have not excluded any patient and nearly 66070 
of all subjects presented a low SA. Our survivors, as 
others have found [18] had a higher SA than non 
survivors, but in the present report all SA values were 
more depressed than in other series of ICU patients 
[18, 191. 

The low SA may reflect the difficulty in 
maintaining a reasonable nutritional state in the 
presence of chronic or severe disease and also, 
possibly, a low level of attention towards the 
nutritional situation of these patients, while in 
hospital. Therefore we again emphasize the need for 
greater consideration of nutrition in hospitalized 
patients [4-  6, 15]. 

Two factors might have been involved in the 
reduction of SA. Firstly a deficient protein intake; 
nutrition is most important in the regulation of 
albumin synthesis, an adequate nitrogen intake being 
essential [16]. Reduction in the rate of synthesis of 
albumin has been shown in human volunteers on low 
protein diets, and this soon reversed after it had been 
raised [9]. Secondly metabolic demands are increased; 
elevated temperature increases energy requirements 
and infection and sepsis raise urea nitrogen excretion 
as a reflection of hypercatabolism [1, 14] with a 
higher protein catabolism [12]. At the same time an 
anabolic demand is occurring during infection and 
protein synthesis has been found to be increased in 
sepsis [12]. 

An association between a low SA and infection 
has been found in ICU patients [8, 18] and serum 
albumin has been noted to be low in sepsis [19]. In our 
patients the incidence of infection increased as the 
level of SA decreased reaching 100070 with SA below 
2.0 g/100 ml. 

Depressed cellular immunity has been found in 
malnourished hospitalized patients [5, 111 and in 
severely ill or injured patients [13]. Lymphopenia 
below 1200/mm 3 reflects a broad defect of cellular 
immunity [171 and lymphocyte counts have been 
found to be severely depressed in septic patients [19]. 
In our patients only those with SA higher than 3.5 
g/100 ml exceeded 1200 lymphocytes/mm 3, which 
supports the idea of deranged cellular immunity in the 
lower SA groups. Interestingly, survivors had a higher 
lymphocyte count than non-survivors, as previously 
reported [181. 

An association between infection, septicemia and 
mortality from infection was found in anergic 
patients who had a great risk of postoperative 
infectious complications [131 and an increased 
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mortality among ICU patients [18]. Appropriate 
protein repletion can increase their immune response 
[111. 

The treatment of ICU patients represents a major 
challenge. Adequate nutrition whether enteral or 
parenteral may influence the evolution and prevent or 
retard nutritional deterioration with the consequences 
of infection and increased mortality. 

Acknowledgements. The continuous collaboration of the 
Bacteriological and Epidemiological Laboratory as well as Central 
Biochemistry and Haematological Laboratories is gratefully 
acknowledged 

References 

1. Blackburn GL, Maini BS, Pierce EC (1977) Nutrition in the 
critically ill patient. Anaesthesiology 47:181 

2. Blackburn GL (1977) Nutrition assessment and support during 
infection. Am J Clin Nutr 30:1493 

3. Bollet A J, Owens S (t973) Evaluation of nutritional status of 
selected patients hospitalized. Am J Clin Nutr 26:931 

4. Bristian BR, Blackburn GL, Hollowell E, Heddle R (1974) 
Protein status of general surgical patients. J Am Med Assoc 
230:858 

5. Bristian BR, Blackburn GL, Scrimshaw NS, Flatt JP (1975) 
Cellular immunity in semistarved states in hospitalized adults. 
Am J Clin Nutr 28:1148 

6. Bristian BR, Blackburn GL, Vitale J, Cochran D, Naylor J 
(1976) Prevalence of malnutrition in general medical practice. J 
Am Med Assoe 235:1567 

7. Bristian BR (1977) Interaction of nutrition and infection in the 
hospital setting. Am J Clin Nutr 30:1228 

8. Hatcher J J, Ripoll I (1978) Malnutrition and infection in a 
general intensive care unit. Crit Care Med 6:107 

9. Hoffenberg R, Black E, Brock JF (1966) Albumin and q0- 
globulin tracer studies in protein depletion states. J Clin Invest 
45:143 

10. Jelliffe DB (1966) The assessment of the nutritional status of 
the community. World Health Organization, Gen6ve, p 84 

11. Law DK, Dudrick S J, Abdou N1 (1973) Immunocompetence of 
patients with protein-calorie malnutrition�9 The effects of 
nutritional repletion. Ann Intern Med 79:545 

12. Long CL, Jeevanandam M, Kim BM, Kinney JM (1977) Whole 
body protein synthesis and catabolism in septic man. Am J 
Clin Nutr 30:1340 

13. MacLean LID, Meakins JL, Taguchi K, Duignan JP, Dhillon 
KS, Gordon J (1975) Host resistance in sepsis and trauma. Ann 
Surg 182:207 

14. Miller JDB, Blackburn GL, Bristian BR, Rienhoff HY, Trerice 
M (1977) Effect of deep surgical sepsis on protein-sparing 
therapie and nitrogen balance. Am J Clin Nutr 30:1528 

15. Neurnann C (1977) Interaction of malnutrition and infection. 
A neglected clinical concept. Arch Intern Med 137:1364 

16. Rothschild MA, Oratz M, Schreiber SS (1972) Albumin 
synthesis. N Engl J Med 286:748, 816 

17. Stiehm ER, Ammann AJ, Barnett EV, Craddock CG, 
Fudenberg HH, Lawler GJ (1972) Diseases of cellular 
immunity. Ann Intern Med 77:101 

18. Thomas L, Gerard M, Malquarti RV, Bertoye A (1979) 
Nutritional status and body composition in critically ill 
patients. Intens Care Med 5:156 

19. Weissman EL, Sussman SA, Clarke JR, Dunn JK (1978) The 
relation of serum albumin levels and total lymphocyte counts 
to the development of sepsis. Crit Care Med 6:109 

E. Dominguez de Villota 
Intensive Care Unit 
Clinica Puerta de Hierro 
San Martin de Porres 4 
Madrid 35 
Spain 


