Sonoda et al. BMC Res Notes (2015) 8:638
DOI 10.1186/513104-015-1632-8

BMC
Research Notes

RESEARCH ARTICLE Open Access

Factors affecting serum albumin in the @
perioperative period of colorectal surgery: a
retrospective study

Akihiro Sonoda'?", Shun Ohnishi?, Shoji Nakao', Yoshitaka Iwashita', Naomi Hashimoto', Kazuhisa Ishida’,
Yuki Kondo?, Yoichi Ishitsuka® and Tetsumi Irie*

Abstract

Background: Albumin is considered a negative acute-phase protein because its concentration decreases during
injury and sepsis. Hypoalbuminemia is a risk factor for mortality, postoperative complications, and prolonged hospi-
tal stay. The magnitude of the systemic inflammatory response during the perioperative period, as indicated by the
acute-phase proteins—C-reactive protein (CRP) in particular—, may help identify the risk of postoperative infectious
complication. The correlation between serum albumin and CRP with gastrointestinal cancer has been reported. How-
ever, it is unclear whether antecedent CRP could be utilized to predict future hypoalbuminemia in the perioperative
period in colorectal surgery. The primary endpoint of this study was to reveal that antecedent CRP could be utilized to
predict future hypoalbuminemia in the perioperative period of colorectal surgery.

Methods: Thirty-seven patients who underwent elective open colorectal surgery were included in this study. Corre-
lations between preoperative CRP and serum albumin on postoperative day (POD) 3, between preoperative CRP and
serum albumin on POD 7 and between CRP on POD 3 and serum albumin on POD 7 were examined. Relationships
between preoperative CRP and hypoalbuminemia on POD 3, between preoperative CRP and hypoalbuminemia on
POD 7 and between CRP on POD 3 and hypoalbuminemia on POD 7 were examined by receiver operating character-
istic analysis.

Results: Three-quarters of patients were older than 65 years of age. Significant correlations were observed between
preoperative CRP and serum albumin on POD 3 (p = 0.023), between preoperative CRP and serum albumin on POD
7 (p = 0.023) and between CRP on POD 3 and serum albumin on POD 7 (p < 0.001). The area under the receiver
operating characteristic curve of CRP on POD 3 to development of hypoalbuminemia on POD 7 was 0.833 (95 % Cl
0.679-0.987) with an optimal threshold of 12.43 mg/dL, sensitivity 75 % and specificity 80 %.

Conclusions: The present study revealed that antecedent CRP was associated with future serum albumin. Addition-
ally, CRP on POD 3 could be useful in predicting the development of hypoalbuminemia on POD 7. This result suggests
that CRP on POD 3 may be a valuable indicator for early nutritional intervention.
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Background [1-4]. Overall complication rates have been reported to
Colorectal surgery has traditionally been associated be 26-35 % [1, 3, 4]. Infectious complications, in particu-
with significant morbidity and prolonged hospital stay lar, represent a major cause of morbidity and mortality
after colorectal surgery [4, 5].
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than 300 % in patients with septic shock [6, 7]. Hypoalbu-
minemia is a risk factor for mortality and postoperative
complications [8—13]. Therefore, nutritional control has
been an important focus of perioperative management
[14].

The magnitude of the systemic inflammatory response
during the perioperative period, as indicated by the
acute-phase proteins—C-reactive protein (CRP) in par-
ticular—may help to identify the risk of a postoperative
infectious complication [4, 15-21].

The correlation between serum albumin and CRP with
gastrointestinal cancer has been reported [22, 23]. How-
ever, it is unclear whether antecedent CRP could be used
to predict future hypoalbuminemia in the perioperative
period of colorectal surgery.

The primary endpoint of this study was to reveal
whether antecedent CRP could be used to predict future
hypoalbuminemia in the perioperative period of colo-
rectal surgery. The secondary endpoint was to clarify the
relationship between CRP on postoperative day (POD) 3
and postoperative infectious complications.

Methods

Study design

This retrospective study included patients who had
been admitted for elective open colorectal surgery from
July 2011 to March 2013 at the Izumi Regional Medi-
cal Center. The following patient data were collected
from medical charts: sex, age, albumin administration
in the postoperative period, body mass index (BMI),
type of surgery, tumor site, American Joint Committee
on Cancer (AJCC) tumor-node-metastasis (TNM) stag-
ing, depth of tumor invasion, lymph node involvement,
and postoperative oral intake. The tumors were staged
according to the TNM criteria [24].

The following laboratory data were determined pre-
operatively and on PODs 3 and 7: serum albumin, CRP,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), gamma-glutamyl transpeptidase (y-GTP),
lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), serum creatinine (Scr), blood urea nitrogen
(BUN), hemoglobin (Hb), and white blood cell (WBC)
count. Serum levels of albumin (normal range 4.0-5.0 g/
dL) and CRP (normal range 0—0.3 mg/dL) were meas-
ured using the bromocresol green dye-binding method
and turbidimetric assay with an autoanalyzer (Hitachi
7180; Hitachi, Tokyo, Japan).

Patients underwent mechanical bowel preparation
with 2 L of polyethylene glycol electrolyte solution
(Niflec; Ajinomoto Pharma, Tokyo, Japan). Prophy-
lactic cefmetazole was administered from the day of
the surgery (3 g/day) to POD 2 (2 g/day on POD 1 and
POD 2). The study protocol was approved by the ethics
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committee of Izumi Regional Medical Center (approval
number 20130812-1).

Examination of factors affecting perioperative serum
albumin with colorectal surgery

Preoperative hypoalbuminemia is a risk factor for post-
operative complications [8, 11, 12]. Platt et al. provided
data WBC, CRP, and albumin concentrations on pre-
operative and PODs 1-7 in 454 patients undergoing
surgery for colorectal cancer, of whom 104 developed
infectious complications. Results demonstrated that
CRP measurements on POD 3 could accurately pre-
dict infectious complications, including anastomotic
leak, after resection for colorectal cancer [4]. The aver-
age time to development of an infectious complication,
including an anastomotic leak, was between 6 and 8 days
postoperatively [4]. These results demonstrated the util-
ity of factors affecting serum albumin on the preopera-
tive day and PODs 3 and 7.

Moyes et al. reported that preoperative elevated modi-
fied Glasgow Prognostic Score predicts postoperative
infectious complications in patients undergoing poten-
tially curative resection for colorectal cancer [25]. There-
fore, the independent variables with a possible effect on
serum albumin were chosen by referring to this report
[25]. The dependent variable was serum albumin and the
independent variables were CRP, sex (male, 1; female,
0), age, albumin administration on the postoperative
day (yes, 1; no, 0), tumor site (rectum, 1; colon, 0), AJCC
TNM cancer stage (I, 1; I, 2; 111, 3; IV, 4), depth of tumor
invasion (T1, 1; T2, 2; T3, 3; T4, 4), lymph node involve-
ment (NO, 0; N1, 1; N2, 2), BMI, postoperative oral intake
(bad, 1; good, 0), AST, ALT, y-GTP, LDH, ALP, Scr, BUN,
Hb, and WBC count. Postoperative oral intake was used
as an independent variable only on POD 7. Postoperative
albumin administration was used as an independent vari-
able on PODs 3 and 7.

Correlations between antecedent CRP and future serum
albumin

We examined correlations between preoperative CRP
and serum albumin on POD 3, between preoperative
CRP and serum albumin on POD 7 and between CRP on
POD 3 and serum albumin on POD 7.

Relationships between antecedent CRP and future
hypoalbuminemia

By receiver operating characteristic (ROC) analysis [4], we
examined relationships between preoperative CRP and
hypoalbuminemia on POD 3, between preoperative CRP
and hypoalbuminemia on POD 7 and between CRP on
POD 3 and hypoalbuminemia on POD 7. Hypoalbumine-
mia was defined as serum albumin <3.0 g/dL [14, 26].
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Relationship between CRP on POD 3 and postoperative
infectious complications

Patients were assessed for the following infectious compli-
cations: wound infection, intra-abdominal abscess, anas-
tomotic leak, pneumonia and septicemia [25]. The criteria
used to define infectious complications were taken from
the methods reported by Moyes et al. [25]: (1) wound
infection was defined as the presence of pus, either dis-
charged spontaneously or requiring drainage. Wound
infection included a subgroup of patients who developed
perineal infection after abdominoperineal resection of
the rectum. (2) Intra-abdominal abscess was verified by
either surgical drainage or by ultrasonographically guided
aspiration of pus. (3) Anastomotic leakage was defined
as radiologically verified fistula to bowel anastomosis
or diagnosed by repeat laparotomy. (4) Pneumonia was
defined as a positive chest radiograph and requirement
for antibiotic treatment. (5) Septicemia was defined by
clinical symptoms combined with a positive blood cul-
ture. To reveal the relationship between CRP on POD 3
and postoperative infectious complications, the diagnos-
tic accuracy of CRP was assessed by ROC analysis [4].

Statistical analysis
Multiple regression analysis with stepwise variable selec-
tion was used to examine the factors affecting preoperative
day and PODs 3 and 7 serum albumin with significance
level of entering a selection at p < 0.05 and of keeping a
selection at p < 0.10 [27]. The significance level for keeping
an independent variable in the final model was set at 0.01.
The relationships between antecedent CRP and future
hypoalbuminemia were examined by ROC analysis [4].
The relationships between CRP on POD 3 and postopera-
tive infectious complications were performed using ROC
analysis [4]. The area under the ROC curve (AUC) results
were considered excellent for AUC values between 0.9
and 1, good for AUC values between 0.8 and 0.9, fair for
AUC values between 0.7 and 0.8, poor for AUC values
between 0.6 and 0.7 and failed for AUC values between
0.5 and 0.6 [28]. Statistical analysis was performed using
Excel 2010 (Microsoft Corp., Redmond, WA, USA) with
the add-in software Ekuseru-Toukei 2012 (Social Survey
Research Information Co., Ltd., Tokyo, Japan). Addition-
ally, EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Japan), which is a graphical user interface for R [29]
(The R Foundation for Statistical Computing, Vienna,
Austria) was used for ROC analysis only.

Results

Patient characteristics

Patient characteristics are presented in Table 1. Three-
quarters of patients were older than 65 years of age.
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Laboratory values revealed no severe perioperative liver
or kidney dysfunction.

Postoperative infectious complications

Postoperative complications are presented in Table 2.
Twelve (32 %) patients experienced postoperative com-
plications, and nine (24 %) experienced only infectious
complications. The most serious infectious complica-
tion was anastomotic leak. The median time to develop-
ment of an infectious complication was 5 postoperative
days.

Factors affecting perioperative serum albumin

with colorectal surgery

In the preoperative period, CRP and BUN were effective
variables. CRP was significant (p < 0.01), and the partial
correlation coefficient was —0.497 (Table 3).

On POD 3, Hb, CRP, albumin administration on the
postoperative day, lymph node involvement, SCr, and
tumor site were effective variables. Hb was significant
(p < 0.01), and the partial correlation coefficient was
0.532 (Table 3).

On POD 7, Hb, CRP, y-GTP, and depth of tumor inva-
sion were effective variables. Hb and CRP were signifi-
cant (p < 0.01), and partial correlation coefficients were
0.506 and —0.457, respectively (Table 3).

Correlations between antecedent CRP and future serum
albumin

Significant correlations were observed between preop-
erative CRP and serum albumin on POD 3 (p = 0.023),
between preoperative CRP and serum albumin on POD 7
(p = 0.023) and between CRP on POD 3 and serum albu-
min on POD 7 (p < 0.001) (Table 4).

Relationship between antecedent CRP and future
hypoalbuminemia

The AUC of CRP in the preoperative period to the
development of hypoalbuminemia on POD 3 was
0.579 (95 % CI 0.392-0.766) with an optimal threshold
of 0.86 mg/dL, sensitivity of 36.4 % and specificity of
93.3 % (Fig. 1), and the diagnostic accuracy resulted as
failed. The AUC of CRP in preoperative period to the
development of hypoalbuminemia on POD 7 was 0.683
(95 % CI 0.481-0.886) with an optimal threshold of
0.94 mg/dL, sensitivity of 50 % and specificity of 92 %
(Fig. 1) and the diagnostic accuracy was poor. The AUC
of CRP on POD 3 to development of hypoalbumine-
mia on POD 7 was 0.833 (95 % CI 0.679-0.987) with an
optimal threshold of 12.43 mg/dL, sensitivity of 75 %
and specificity of 80 % (Fig. 1), and the diagnostic accu-
racy was good.
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Table 1 Characteristics of 37 patients who underwent
colorectal surgery

Patients characteristics (n = 37) Values
Sex, no (%)

Male/female 19 (51):18 (49)
Age (years) 77 (38-86)
BMI (kg/m?) 22 (15.8-31)

Tumor site, no. (%)
Colon/rectum 25 (68):12 (32)

Type of surgery, no. (%)

Colectomy 25 (68)
Anterior resection 9(24)
Abdominoperineal resection of rectum 2(5)
Hartmann procedure 13)
TNM staging, no. (%)
Stage | 3(8)
Stagelll 14 (38)
Stage lll 17 (46)
Stage IV 3(8)
Laboratory values in preoperative period
Serum albumin (g/dL) 4.1 (2.5-5.0)
CRP (mg/dL) 0.31 (0.03-16.67)
AST (IU/L) 21(10-37)
ALT (IU/L) 17 (6-46)
y-GTP (IU/L) 22 (8-123)
LDH (1U/L) 186 (124-500)
ALP (IU/L) 257 (122-679)
Serum creatinine (mg/dL) 0.64 (0.42-1.42)
BUN (mg/dL) 13.5 (5.8-40.8)
WBC (/uL) 6100 (2400-16500)
Hemoglobin (g/dL) 10.7 (5.4-16.6)

Quantitative variables are expressed as medians (minimum-maximum).
Qualitative variables are expressed as absolute numbers (percentages)

ALP alkaline phosphatase, ALT alanine transaminase, AST aspartate transaminase,
BMI body mass index, BUN blood urea nitrogen, CRP C-reactive protein, y-GTP
gamma glutamyl transpeptidase, LDH lactate dehydrogenase, WBC white blood
cell

Table 2 Postoperative complications after colorectal sur-
gery

Postoperative complications

Number Percentage

Infectious complications 9 24

Anastomotic leak 1

Wound infection 2 5
2

Intra-abdominal abscess

Pneumonia 42 10
lleus 2

Cardiac complications 1 3
All complications 12 32
Mortality 0 0

@ 2 patients with ileus
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Relationships between CRP on POD 3 and postoperative
infectious complications

The AUC of CRP on POD 3 was 0.96 (95 % CI 0.902-1)
with an optimal threshold of 13.8 mg/dL, sensitivity of
100 % and specificity 88 % (Fig. 2), and the diagnostic
accuracy was excellent.

Discussion

In the present study, we examined whether antecedent
CRP could be used to predict future hypoalbuminemia in
the perioperative period of colorectal surgery. The main
finding is that CRP on POD 3 may be of use in predicting
the development of hypoalbuminemia on POD 7 (Fig. 1).

Three-quarters of patients were older than 65 years of
age in the present study (Table 1). We searched for simi-
lar studies that evaluated infectious complications of
colorectal surgery and found that 67 % of the patients in
the study by Moyes et al. [25] were over 65 years of age,
which is similar to the 67 % in Platt’s report [4], suggest-
ing that the population in the present study is similar to
the population in previous reports.

Twelve (32 %) patients experienced postoperative com-
plications, and nine (24 %) experienced only infectious
complications in the present study (Table 2). Overall
complication rates have been reported to be 26-35 % in
colorectal surgery [1, 3, 4]. Infectious complication rates
have been reported to be 15-42 % in colorectal surgery
[4, 25, 30, 31]. Therefore, the rates of all complications
and infectious complications in the present study are
similar to those in previous reports.

The correlation between serum albumin and CRP with
gastrointestinal cancer has been reported previously
[22, 23]. In present study, correlations were observed
between serum albumin and CRP preoperatively
(p < 0.01) and between serum albumin on POD 3 and
CRP on POD 3 (p = 0.012) and between serum albu-
min on POD 7 and CRP on POD 7 (p < 0.01) (Table 3)
in stepwise multiple regression analysis. These findings
suggest that CRP has the greatest association with serum
albumin, and concur with the results of other related
reports.

Hypoalbuminemia is a risk factor for mortality and
postoperative complications [8—13]. Therefore, the iden-
tification of a predictor of hypoalbuminemia may be
clinically significant. In present study, significant correla-
tions were observed between CRP in preoperative period
and serum albumin on POD 3 (p = 0.023), between CRP
in the preoperative period and serum albumin on POD
7 (p = 0.023) and between CRP on POD 3 and serum
albumin on POD 7 (p < 0.001) (Table 4). Additionally, the
AUC of CRP on POD 3 to the development of hypoal-
buminemia on POD 7 was 0.833 (95 % CI 0.679-0.987)
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Table 3 Variables identified as predicting serum albumin in the perioperative period of colorectal surgery

Point Variable Regression Standard Standardized Partial correlation P

coefficient error regression coefficient
coefficient

Preoperative period Constant 4676 0.254 <0.001
CRP —0.078 0.026 —0.468 —0.497 0.005
BUN —0.037 0.015 —0.393 —0434 0.016

POD 3 Constant 2379 0376 <0.001
Hb 0.119 0.035 0.617 0.532 0.002
CRP —0.022 0.008 —0416 —0.439 0.012
Albumin administration 0.305 0.133 0374 0.387 0.029
Lymph node involvement 0.182 0.085 0.311 0.366 0.040
Scr —0.529 0279 —0.262 —0.327 0.068
Tumor site —0.264 0.141 —0.332 —0.324 0.070

POD 7 Constant 1.912 0.388 <0.001
Hb 0.107 0.032 0.501 0.506 0.002
CRP —0.024 0.008 —0429 —0457 0.007
YGTP —0.006 0.002 —0.399 —0424 0.012
Depth of tumor invasion 0.162 0.085 0.268 0.319 0.066

BUN blood urea nitrogen, CRP C-reactive protein, y-GTP gamma glutamyl transpeptidase, Hb hemoglobin, POD postoperative day

Table 4 Correlations between antecedent CRP and future
serum albumin in the perioperative period of colorectal
surgery

Variable Correlation coef- P
ficient
CRP in preoperative period and serum —0.3742 0.0225
albumin on POD 3
CRP in preoperative period and serum —03723 0.0233
albumin on POD 7
CRP on POD 3 and serum albumin on POD 7 —0.5447 0.0005

CRP C-reactive protein, POD postoperative day

with an optimal threshold of 12.43 mg/dL, sensitivity
75 % and specificity 80 % (Fig. 1), suggesting that CRP on
POD 3 could be useful in predicting the development of
hypoalbuminemia on POD 7. Therefore, CRP on POD
3 may be valuable for the indicator of early nutritional
intervention.

We consider that hypoalbuminemia resulted from
increased CRP, which can be explained by the following:
inflammatory cytokines decrease the synthesis of consti-
tutive proteins, such as serum albumin, and increase its
degradation [7]. They also promote capillary permeabil-
ity and leakage of serum albumin into the extravascular
space [7]. Because CRP is affected by increased interleu-
kin-6 during acute inflammation, a decrease in serum
albumin occurs with increased CRP [32].

The clinical utility of postoperative CRP has been
reported [4, 33]. In particular, a large study (n = 454) by
Platt et al. showed that CRP was a predictor of postop-
erative infectious complications after curative resection
in patients with colorectal cancer and that postopera-
tive measurement of CRP on POD 3 was clinically use-
ful in predicting surgical site infectious complications,
including anastomotic leak [4]. In that study, the AUC of
CRP on POD 3 was 0.8 (p < 0.001) and the optimal cut-
off value was 17 mg/dL, and the AUC of serum albumin
on POD 3 was 0.68 (p < 0.001) and the optimal cutoff
value was 2.5 g/dL. The diagnostic accuracy for postop-
erative infectious complications of CRP on POD 3 was
better than that of serum albumin on POD 3 [4]. In the
present study, the AUC of CRP on POD 3 with regard
to development of infective complications after colorec-
tal surgery was 0.96 (95 % CI 0.902-1) with an optimal
threshold of 13.8 mg/dL, sensitivity 100 % and specific-
ity 88 % (Fig. 2), suggesting that CRP on POD 3 could
be useful to predict postoperative infective complica-
tions. Therefore, these results are consistent with those
reported by Platt et al.

A limitation of this study is that retrospective data
collection relied only on evaluation of clinical progress
notes, laboratory test results, and other documentation.
However, three-quarters of patients in this study were
older than 65 years of age. Therefore, we believe our
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Fig. 1 Diagnostic accuracy of antecedent CRP with regard to development of future hypoalbuminemia. a AUC of CRP in preoperative period to
development of POD 3 hypoalbuminemia was 0.579 (95 % Cl 0.392-0.766) with an optimal threshold of 0.86 mg/dL, sensitivity 36.4 % and specific-
ity 93.3 %. b AUC of CRP in preoperative period to development of hypoalbuminemia on POD 7 was 0.683 (95 % Cl 0.481-0.886) with an optimal
threshold of 0.94 mg/dL, sensitivity 50 % and specificity 92 %. ¢ AUC of CRP on POD 3 to development of hypoalbuminemia on POD 7 was 0.833
(95 % C1 0.679-0.987) with an optimal threshold of 12.43 mg/dL, sensitivity 75 % and specificity 80 %. AUC the area under the receiver operating
characteristic curve, CRP C-reactive protein, POD postoperative day

results apply to the elderly, in whom serum albumin is Conclusions
likely decreased. Prospective studies are needed to con-  The present study revealed that CRP has the great-
firm whether our findings can be adapted to all colorectal

est association with serum albumin in the preoperative
surgery patients.

period and on PODs 3 and 7 and that antecedent CRP



Sonoda et al. BMC Res Notes (2015) 8:638

107 [13.800 (0.880, 1.000)

0.8

06
z
2
B
c
O
»

04

02

0.0

T T T T T T
10 08 0.6 04 02 0.0
Specificity
—— POD 3 CRP

Reference line
Fig. 2 Diagnostic accuracy of CRP on POD 3 with regard to develop-
ment of infective complications after colorectal surgery. AUC of CRP
on POD 3 was 0.96 (95 % Cl 0.902-1) with an optimal threshold of
13.8 mg/dL, sensitivity 100 % and specificity 88 %. AUC the area under
the receiver operating characteristic curve, CRP C-reactive protein,

POD postoperative day

was associated with future serum albumin. Additionally,
CRP on POD 3 could be useful in predicting hypoalbu-
minemia on POD 7. This result suggests that CRP on
POD 3 may be valuable as an indicator of early nutri-
tional intervention.
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