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ABSTRACT

Objective: To investigate the incidence of a preoperative acute phase response and its association with low albumin
concentrations.

Design: Prospective open study.

Serting: Teaching hospital, Germany.

Subjects: 225 patients who were to undergo major abdominal operations, and who had no acute infections.

Interventions: Measurements of serum concentrations of albumin, C-reactive protein (CRP), a-1 antitrypsin. and interleukin-6
(IL-6).

Results: Abnormal concentrations of acute phase proteins (indicating an acute phase response) were detected in 43 of 225
patients (19%). The mean (SD) albumin concentration in these patients (35[5]g/L) was lower than that of patients who did not
mount an acute phase response preoperatively (40[5]g/L). High concentrations of CRP (>60mg/L) were associated with low
albumin concentrations (33[5]g/L); high x-1 antitrypsin concentrations (>4.0g/L) were associated with low albumin con-
centrations (34[6]g/L); and high IL-6 concentrations (>4pg/ml) were associated with low albumin concentrations (37(6]g/L)
compared with a mean(SD) albumin concentration of 40(5)g/L in patients who had no evidence of an acute phase response.
Conclusion: A metabolic response to disease referred to as an acute phase response may explain low preoperative albumin
concentrations. This association interferes with the association of low preoperative albumin concentrations and malnutrition. It
is a new aspect of preoperative risk evaluation and may indicate a potential for prevention.

Key words: acute-phase-response, hypoalbuminaemia. risk-assessment, surgical-risk, malnutrition, preoperative hyperali-

mentation.

INTRODUCTION

Low plasma albumin concentrations identify patients
who are at risk of developing complications during
their postoperative course (25). Albumin concentra-
tions have been measured as an indicator of malnutri-
tion, but studies to reduce postoperative morbidity by
hyperalimentation were disappointing (5, 6, 13, 25).
Methods of identifying malnutrition are still con-
troversial (11, 12,21, 33, 34). The failure to improve
outcome by giving supplementary nutrition has chal-
lenged the interpretation of the data thought to indicate
malnutrition. Independently of malnutrition, the synth-
esis of albumin in the liver, like that of other proteins, is
affected by an acute phase response (2, 14-16), and an
acute phase response to the discase for which the
patient necds an operation is therefore a potential
explanation of low serum albumin concentrations
preoperatively. Data about a preoperative acute phase
responsc in the context of the assessment of risk are
few (10), in contrast to many about the postoperative
acute phase response (29). We thercfore looked at the
incidence of an acute phase responsc in patients
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preoperatively to investigate whether low albumin
concentrations preoperatively were associated with
the acute phase responsc.

SUBJECTS AND METHODS

Subjects

Patients admitted to the Department of Surgery,
University Hospital, Erlangen, Germany, for major
abdominal operations (including oesophagectomy,
gastric resection, partial hepatectomy, complex biliary
tract procedures, small bowel resection, colectomy,
resection of the rectum, and removal of intraperitoneal
and retroperitoncal tumours) were entercd into this
prospective study. The study was conducted according
to the cthical rules, the guidelines for good clinical
practice, and the Declaration of Helsinki. Patients were
eligible for the study if they had no acute infections
(assessed by history, clinical examination, chest radio-
graph, urine culture, white cell count, and body
temperature). Patients were excluded if they had had
radiation or cancer chemotherapy preoperatively:
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blood transfusion within the past six wecks: parenteral
nutrition preoperatively, or if they were undergoing
cmergency procedures, exploratory laparotomy for
advanced cancer; minor palliative procedures; or only
unexpected minor procedures such as simple chole-
cystectomy and colostomy.

Measurements

In addition to personal data the following variables
were measured and recorded preoperatively: scrum
concentrations of the acute phase reactants C-reactive
protein (CRP), and x-l-antitrypsin by nephelometry
(Behring, Munich, Germany); and serum concentra-
tions of interleukin-6 (IL-6, ELISA, R & D Systems,
Biermann, Germany), and albumin by routine labora-
tory methods.

Cutoff points for reference ranges were set at
50 mg/L for CRP, at 3.5 g/L for z-1-antitrypsin, and
at 35 g/L for albumin. For IL-6 the detection limit and
cutoff point was 4 pg/ml.

To assess and quantify malnutrition the body mass
index (BMI, kg/m~)(27) was calculated. Cutoff points
were set at 19 and at 25.

In patients with malignant discase the presence of
metastases (microscopically in the resected tissue, or
macroscopically assessed during operation) was re-
corded.

Clinical follow up

Severe septic complications were defined according to
the criteria published by Bone (1). Organ dysfunction
was diagnosed if the patient needed artificial ventila-
tion together with a need for catecholamines or a urine
production of less than 40 ml/hour for more than 24
hours,

Statistical analvsis

Data are given as mecans (SD). The significance of
differences between groups was assessed by analysis of
variance (ANOVA), and post hoc pairwise compar-
isons were performed to identify which group differ-
ences account for the significant overall value. Bon-
ferroni corrections were made where appropriate.
Probabilities of less than 0.05 were accepted as
significant.

Table 1. Details of the study group
Figures are number (%) of patients unless otherwise stated.

Sex:

o Male 108 (48)

¢ Female 117 (52)

Mean age (years): 56

o Median 59

¢ Range 19-82

Malignant disease:

* Yes 172 (76)
With metastases 42 (19)

* No 53 (24)

» Site of operation:

¢ Oesophagus 10 (4)

e Stomach 37 (16)

o Biliary tree 2()

e Liver 34 (15)

e Pancreas 28 (12)

¢ Small bowel 8 4)

e Large bowel 49 (22)

® Rectum 45 20)

s Miscellaneous 12 (5)

RESULTS

Two hundred and twenty five patients were included in
the study, and their details are shown in Table 1. We
found mean (SD) preoperative albumin concentrations
of 40 (5) g/L, IL-6 concentrations of 19 (170) pg/ml, -
]-antitrypsin concentrations of 2.8 (0.8) g/L. and CRP
concentrations of 13 (22) mg/L (Table II). Twenty
seven of the patients (12%) had alburmin concentrations
below 35 g/l.. The proportion of abnormal concentra-
tions of the different acute phase proteins was 8% to
13% (Table II) of all paticnts preoperatively. For most
of the patients (182, 81%) concentrations of the acute
phase proteins were within the reference ranges (Table
IlI). Forty three of the patients (19%) had plasma
concentrations of at least one acute phase protein
outside the reference range, indicating that they had
mounted an acute phase response. The response was
graduated: 21 patients (9%) had concentrations of only
one, 16 (7%) had two, and 6 (3%), had all three acute
phase proteins outside the reference range.

Paticnts who mounted an acute phase response had
lower albumin concentrations than the others. These

Table 1. Preoperative albumin, 1L-6, a-1-antitrypsin, and CRP concentrations in 225 patients

Mean SD Range Reference range No (%) outside the reference range
Albumin (g/L) 40 5 24-61 35-51 27 (12)
IL-6 (pg/ml) 19 170 0-125 <4 24 (11
a-1-Antitrypsin (g/L) 2.8 0.8 0.95-6.08 <35 29 (13)
CRP (mg/L) 13 22 0-132 <50 18 (8)
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Table IIl. Acute phase response in 225 patients
preoperatively

No. of acute phase proteins outside the No. (%) of
reference range patients

0 182 (81)

1 21 (9)

2 16 (7)

3 6(3)
1,2,0r3 43 (19)

dropped from 40 (5) g/L to 35 (5) g/L, if at least two of
the variables indicating an acute phase response were
abnormal (Table 1V). In patients with only one acute
phase protein outside the reference range the albumin
concentrations (41 (5) g/L) were not affected. In
patients with CRP concentrations above 60 mg/L we
found lower mecan albumin concentrations (33 g/L);
with x-1-antitrypsin above 4.0 g/L there were also
lower albumin concentrations (34 g/L), and in patients
with circulating IL-6 mean albumin concentration was
37 g/L compared with patients with no evidence of an
acute phase response (40g/L, Tables Va, b, and c).

Eleven of the total of 27 albumin concentrations that
were below 35 g/L were associated with an incrcased
concentration of at least one of the acute phase
proteins, and eight were associated with an incrcased
concentration of at least two of the acutc phase
proteins.

The association of malnutrition referred to as BMI
below 19, low albumin concentrations, and the acute
phase response is shown in Table VI. All patients with
albumin concentrations below 35g/L and a BMI below
19 had at least one of the acute phase proteins out of the
reference range, giving evidence of an acute phase
response. Most of the reduced albumin concentrations
(n =25, 93%) were found in patients with a normal or
raised BMI of >19 or of >25, respectively. Albumin
concentrations of 36(5)g/L were lower in patients with
BMI below compared with 40(5)g/L in those patients
who had a BMI of >19. Fourteen of the reduced
albumin concentrations were associated with neither a
low BMI nor an acute phase response.

Thirty-one (18%) of the 172 patients with cancer
showed an acute phase response, compared with 26%
of the patients with benign discase. Albumin concen-
trations of 40(5) g/L compared with 40(6) g/L did not
differ in these groups. An acute phase response was
evident in 10% of the patients with metastatic cancer
and in 21% of the patients with non-metastatic cancer
(not significantly different).

Four (11%) of the 27 patients with low preoperative
albumin concentrations developed complications asso-
ciated with a severe systemic inflammatory response
syndrome and organ dysfunction during their post-
operative course. Another 11 (6%) severe septic
complications developed in 198 patients with preo-
perative serum albumin concentrations within the
reference range.

DISCUSSION

Hypoalbuminacmia in paticnts before major operations
is a risk factor for postoperative morbidity (7,9,
17, 29). Low concentrations were usually attributed to
malnutrition, and in consequence studies have been
undertaken to improve nutritional state before opera-
tion. However, despite adequate nutritional support
there werc no convincing results, either because the
methods used did not truly identify malnutrition, or a
metabolic disorder made the patients resistant to
nutritional support. The acute phase response is an
example of a systemic reaction that modulates protein
synthesis in the liver, including that of albumin, and
alters the patient’s condition (32) and various aspects
of the immune system at the same time. Despite low
albumin concentrations during the postoperative course
being attributed to an acute phase response, sufficient
data were not available about such a correlation
preoperatively.

An acute phasc response is a consequence of various
stimuli, including operations and infections (8, 30).
The response (24) is mediated through cytokines like
IL-1 and IL-6 (3, 4, 23, 24), which are released after
activation of the immune system (19). However,
patients with cancer have also been found to have

Table IV. Mean (SD) preoperative serum albumin concentrations in patients with and without an acute phase

response

Acute phase response, concentration
of one of the acute phase indicators
outside the reference range

No acute phase response

(n=182) (n=21)

Acute phase response, concentrations
of two or more of the acute phase
indicators outside the reference range
(n=21)

Albumin (g/L) 40 (5) 41 (5)

35 5)*

* P<0.01, compared with patients who had no acute phase response (column ) or only one of the acute phasc indicators

outside the reference range (column 2).
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Table Va. Mean (SD) albumin concentrations in patients with normal, intermediate, and high serum CRP

concentrations

CRP <30 mg/L (n=203)

CRP > 30-59mg/L (n=9)

CRP > 60mg/L (n=13)

Albumin (g/L) 40 (5)

37 (2)*

33 (5)**

* P<0.01,** p<0.001 compared with patients who had CRP concentrations <30 mg/L (column 1).

Table Vb. Mean (SD) albumin concentrations in patients with normal, intermediate, and high serum x-1-antitrypsin

concentrations
a-1-antitrypsin <3.3 g/ o-l-antitrypsin >3.3-3.9 g/L 2-1-antitrypsin >4.0 g/
(n=186) (n=20) (n=19)

Albumin(g/L) 40 (5) 40 (6)* 34 (6)*

* P <0.001, compared with patients who had x-1-antitrypsin concentrations <3.3 g/L. (column 1).

Table Vc. Mean (SD) albumin concemtrations in patients with normal, intermediate, and high serum IL-6 concentrations

IL-6 < 4 pg/ml
(n=201)

IL-6 > 4-19 pg/ml
(n=10)

IL-6 > 20 pg/ml
(n=14)

Albumin (g/L) 40 (5)

37 (6)

37 (6)*

* P <0.05. compared with patients who bad IL-6 concentrations <4 pg/ml (column 1).

increased concentrations of IL-6 (26). In a proportion
of our patients the underlying disease may have
activated the immune system and subsequently trig-
gered an acute phase response; our data support this
hypothesis. Low albumin concentrations were detected
in 12% of our patients. In addition, 19% of the patients
showed cvidence of an acute phase response. Hypo-
albuminaemia was associated with the acute phase
response if it was indicated by abnormal concentrations
of at least two of the acute phase proteins. In addition,
altered plasma albumin concentrations correlated with

Table V1. Association of the body mass index (BMI[kg/
n*]), low albumin concentrations, and a positive acute
phase reaction in 225 patients before major abdominal
operations

Figures are number (%) of patients unless otherwise stated,

BMI <19 BMI 19 - £ 25 BMI>25

112 (50) 101 (45)
9 () 14 (6)
2501 14 (6)

Proportion of patients 12 (5)

Albumin <35 g/L 4(2)

APR-positive 4(2)
(at least one of the
acute phase proteins
outside the reference
range)

Mcan (SD) Albumin
(g/L)

* P =0.05, compared with patients with BMI from 19 - < 25
(column 2) and BMI > 25 (column 3).

366 40 40 (6)
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abnormal concentrations of acute phase proteins. Our
series contains a relatively large number of patients in
whom preoperative albumin concentrations were re-
lated to other acute phase variables including IL-6, a
central trigger of the acute phase response (20, 28).
From the data we conclude that in a small proportion of
patients low prcoperative albumin concentrations were
associated with alterations of other acute phase
protcins. This was a potential consequence of a
metabolic process that may have an important effect
on the postoperative complication rate in such patients.
The question of whether the acute phase response was a
risk factor for postoperative complications has been
answered in a previous paper (18). The fact that the
acute phasc responsc was associated with a low
albumin concentration, which is an accepted risk
factor, would have suggested this. However, it has
previously been suggested that an acute phase response
may also have beneficial effects (10). The data provide
a link between a well known independent risk factor for
postoperative complications (low albumin concentra-
tion), and a new approach 1o clucidate the nature of the
underlying regulatory events. This new approach
included the investigation of preoperative monocyte
activation, which may have triggered the acute phase
response (24). The association of low preoperative
albumin concentrations and an acute phase response
interferes with the association of low preoperative
albumin concentrations and malnutrition reported in
many previous papers.
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Our data offer an option to explain the development
of malnutrition in addition to the fact that some of the
patients cannot or do not cat. Identification of
cachectin/tumour necrosis factor-a, a cytokine that
can induce an acute phase response (31) and cachexia
in patients with cancer (22), supports our conclusion.
The potential preventive approach that is required to
reduce the risk related to low preoperative albumin
concentrations in such patients from that point of view
cannot include hyperalimentation, which is not ade-
quate to treat a metabolic disorder like the acute phase
response. This may have already been shown by
previous studies on preoperative hyperalimentation.
Separating patients without an acute phase response
from patients with an acute phase responsec may be
useful to identify patients who can metabolise the
nutrients for preventive nutritional support, and to
separatec others who might be better off with an
approach directed towards reversal of the catabolic
metabolism induced by the underlying disease. The
data may also be useful to improve the classification of
patients at risk and help to adjust the planned procedure
to avoid complications, which is of benefit to the
patient and cost-saving for the community.
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RESUME

But: Etudier I'incidence des stigmates préopératoires d’un
état inflammatoire et son association i des concentrations
basses d’albumine.

Type d’étude: Prospective, ouverte.

Provenance: Hopital universitaire, Allemagne.

Patienis: Deux cent vingt cinq patients devant subir une
intervention abdominale majeure et qui n’avaient pas
d’infection.

Méthodes: Les mesures des concentrations sériques d'albu-
mine, de protéine C réactive (CRP), d'2-1 antitrypsine, et
d’interleukine-6 (IL-6)

Résultats: Des concentrations anormales des protéines de la
phase aigué (témoignant d’une réponse 2 un état inflamma-
toire) ont été détectées chez 42 des 225 patients (19%). La
concentration moyenne (ET) d’albumine chez ces patients
(35 (5) gf) était plus basse que chez ceux qui n’avaient pas
de stigmates préopératoires d’un état inflammatoire (40 (5) g/
1). Des concentrations élevées de CRP (>60 mg/L) étaient
associées a des concentrations basses d’albumine (33 g/L);
des concentrations élevées d’a-1 antitrypsine (4 g/L) étaient
associées d des concentrations basses d’albumine (34 g/L); et
des concentrations élevées d'IL-6 (>4 pg/ml) étaient
associées a des concentrations basses d’albumine (37 g/L)
contre une concentration d'albumine moyenne (ET) d’albu-
mine de 40 (5) g/L chez les patients qui n’avaient pas de
stigmates préopératoires d'un état inflammatoire.
Conclusions: Une réponse métabolique a une maladie
considérée comme une réponse i un état inflammatoire
peut expliquer des concentrations préopératoires basses
d’albumine. Cette association interfére avec la conjonction
de concentration basse d’albumine et de malnutrition. C'est
un nouvel aspect de I'évaluation du risque préopératoire et
pourrait déboucher sur des mesures préventives.

Mots-clés: réponse a un état inflammatoire, hypoalbuminé-
mie, évaluation du risque, risque chirurgical, dénutrition,
hyperalimentation préopératoire.

ZUSAMMENFASSUNG

Ziel: Untersuchung der Inzidenz priioperativer Akut-Phasen-
Antwort und deren Assoziation mit erniedrigten Konzentra-
tionen des Serum-Albumins.

Studienanordnung: Offene, prospektive Studie.
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Studienort: Akademisches Lehrkrankenhaus, Deutschland.
Patienten: 225 Patienten, vorgeschen fiir grofere abdomi-
nalchirurgische Eingriffe, ohne Zeichen akuter Infektionen.
Methoden: Bestimmungen der Serum-Konzentrationen des
Albumins, C-reaktiven Proteins (CRP), x-1-Antitrypsin
sowie des Interleukin-6 (IL-6).

Ergebnisse: Bei 43 von 225 Patienten (19%) wurden
Konzentrationen von Akute-Phase-Proteinen aufierhalb des
Normalbereichs nachgewiesen (hinweisend auf eine Akute-
Phase-Antwort). Die priioperativen, mittleren Serum-Albu-
min-Konzentrationen dieser Patienten waren niedriger als
die derjenigen Patienten, die keine Akute-Phase-Antwort
aufwiesen (35 +5 g/l vs. 40+ 5 g/). Hohe Serum-
Konzentrationen an CRP (>60 mg/l) waren mit niedrigen
Serum-Albumin-Konzentrationen assoziiert (33 g/1). hohe
Konzentrationen von a-1-Antitrypsin (>4 g/1) waren asso-
ziiert mit ernied-rigten Konzentrationen an Serum-Albumin
(34 g/); und hohe IL-6-Konzentrationen (>4 pg/ml) waren
ebenfalls assoziiert mit emiedrigten Serum-Albumin-Kon-
zentrationen (37 g/l) jeweils verglichen mit den Serum-
Albumin-Konzentrationen von im mittel 40 + 5 g/l in
denjenigen Patienten, die keine Hinweise fiir eine Akute-
Phase-Antwort hatten.

Schiufifolgerung: Die als Akute-Phase-Antwort angespro-
chene metabolische Reaktion auf Erkrankungen kann pri-
operativ erniedrigte Serum-Albumin-Konzentrationen erk-
liren. Dieser Zusammenhang iiberschneidet sich mit der
bekannten Assoziation erniedrigter priioperativer Serum-
Albumin-Konzentrationen und Fehlernihrung. Dieser neue
Aspekt der prioperativen Risikoabklirung hat méglicher-
weise priiventiven Nutzen.

Schiiisselwiirter:  Akute-Phase-Antwort, Hypalbuminimie,
Risiko-Abklirung, chirurgisches Risiko, Fehlerniihrung,
prioperative Hyperalimentation.

PE3rOME

Leas: W3yuuTb NpouEHT pa3BHMTHA OCTPOIl OTBETHOI
peakuHil B nNpenonepaTHBHOM MEpHOJE, 4 TaKke ¢e
acCOUMAUNIO €  HHM3KHM  YPOBHEM  KOHUGHTpauun
CLIBOPOTOMHOTO anbOyMina.

Xapakmep ucciedosanus: TIpOCNCKTIBHOE OTKpLITOE
HceneloBaHue.

Kiunura: Yuebubtit rocnutans, FepManng.

Mayuenmsr: 225 nauMeHTOB, MOABEPrIUNXCH OOJIBUINM
abNOMHHANBHBEIM ONEpaUNAM, Y KOTOphIX He ObuIo
OCTPbIX BOCNAJIMTEILHBIX 3a60eBannil.

Memodei: U3MepeHHas KOHUCHTPALHs CbIBOPOTOYHOIO
ajibbymina, C-peakTHBHOIO NpoTeHHa, -1 aHTHTpHIC-
HHA u HHTepeiiknHa-6 (IL-6).

Pesyv.apmamu: V3Meniena KOHIECHTPALHH NPOTEHHOB B
ocTpoii (haze yKa3bpiBaia Ha Pa3BHTHE OCTPOIO OTBETH-
oro CHHApoMa i onpejensnack y 43 n3 225 naunexTos
(19%). Cpeanss koHUeHTpaums anbOyMHHa y 3THX
nauueHToB Obna 35 r/L, 4To 6BUIO MCHbUle, HeM
KOHUEHTPAaUHA aJIbOYMHHA Y NAUHEHTOB, Y KOTOPBIX He
Ob10  pa3BHTHA  OCTpoif  3alMTHOINI  peakunu B
npeaonepatisnoM nepsione (40 r/L). TMossbituennas
koHueHTpauns C-peakTHBHOro nporeuHa (>60 Mr/L)
accounupoBasiach c HH3KOIT KOHIEHTpaLnei
cbiBOpOTOYHOro asnsOymuHa (33 1/L); noBbluicHHasA
KOHUEHTpamna  a-1 autuTpuncHa (>4 /L)
ACCOLHHPOBANIACh ¢ HH3KOIT KOHLUEHTpauHeli anbOyMina
(34 r/L), Beicokaa koHuerpauusa IL-6 (>4 pr/min)



Preoperative serum albumin and acute phase response 313

4CCOUMMPOBAJIAChL € HU3KOI KOHHeHTpauueil anbOyMiHa
(37 r/L) no cpaBHeHHIO cO cpelHeli KoHUeHTpaumesi
ambbymuna (40 r/L) y NauMeHTOB, Y KOTOPHIX He
pa3BIUIACh OCTpas OTBETHAS PEAKUNA .

Buigoos:: MeTaboJiueckne HapylneHus, OTHOCALLHECH K
OCTpOiil 3aIMHTHON peakuH MOXHO OOBLACHHTL HH3KOI

npeaonepaTHBHOll  KOHUeTpauneii ananOymuna, Nerta
CBA3b  MOXKeT  KOMOMHMpOBaTbcA C  HU3KOIi
NpeloNepaTHBHON  KOHUeHTpauued  aywbymuna H

HEeNPABHWILHBIM NHTaHHEM. NeTOT HOBBLIA ACNEKT OLICHKH
NpeONePATHBKOTO PHCKA MOXKET ObITh MCMONL3OBAH
U NpeAOTBPALLEHHS PA3BUTHSA THAKEIIBIX OCIOKHEHHIL.
K.nouegote caoga: OcTpas OTBETHAf PEAKIHA, runoa-

bOYMHIEMHSA, OHEHKA PHCKA, XHUPYPrHYeCKRMii pHCK,
MAJIBHYTPHIMS, NTpeaonepaTHBHas FHNCPauMEHTALMS,
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