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ABSTRACT

Objective: To test postoperative serum albumin drop
(AAIb) as a marker of surgical stress response and
early predictor of clinical outcomes.

Design: Prospective cohort study (NCT02356484).
Albumin was prospectively measured in 138 patients
undergoing major abdominal surgery. Blood
samples were collected before surgery and on
postoperative days 0, 1 2 and 3. AAIb was compared
to the modified estimation of physiologic ability and
surgical stress (mE-PASS) score and correlated to
the performances of C reactive protein (CRP),
procalcitonin (PCT) and lactate (LCT). Postoperative
outcomes were postoperative complications
according to Clavien classification and
Comprehensive Complication Index (CCl), and length
of hospital stay (LoS).

Setting: Department of abdominal surgery in a
European tertiary centre.

Participants: Adult patients undergoing elective
major abdominal surgery, with anticipated duration
>2 hours. Patients on immunosuppressive or
antibiotic treatments before surgery were excluded.
Results: The level of serum albumin rapidly
dropped after surgery. AAlb correlated to the mE-
PASS score (r=0.275, p=0.01) and to CRP increase
(r=0.536, p<0.001). AAlb also correlated to overall
complications (r=0.485, p<0.001), CCI (r=0.383,
p<0.001) and LoS (r=0.468, p<0.001). A AAIb

>10 g/L yielded a sensitivity of 77.1% and a
specificity of 67.2% (AUC: 78.3%) to predict
complications. Patients with AAIb >10 g/L on POD 1
showed a threefold increased risk of overall
postoperative complications.

Conclusions: Early postoperative decrease of
serum albumin correlated with the extent of surgery,
its metabolic response and with adverse outcomes
such as complications and length of stay. A
decreased concentration of serum albumin >10 g/L
on POD 1 was associated with a threefold increased
risk of overall postoperative complications and may
thus be used to identify patients at risk.

Strengths and limitations of this study

= The present study has a prospective design and
offers a head-to-head comparison with biomar-
kers currently used in clinical practice (C reactive
protein and procalcitonin).

= Albumin drop was thoroughly assessed by ana-
lyzing its correlation with a comprehensive panel
of surrogate markers for surgical trauma and
validated scores for outcomes.

m The predictive value of combined biomarkers
was not assessed in the present study.

= This study involved a single centre and included
a training cohort, without validation cohort.

INTRODUCTION
Abdominal surgery is among the most
frequently performed elective surgery.'
Although surgical and perioperative improve-
ments have reduced postoperative mortality
over the last few decades, postoperative mor-
bidity has remained high.”? In addition to the
morbidity which patients are exposed to,
postoperative complications pose a signifi-
cant financial burden, while important
efforts are currently pursued to reduce
healthcare expenditures.2

The magnitude of metabolic stress response
mirrors the extent of surgery’ * and presum-
ably contributes to the risk of developing post-
operative complications.” ® Early identification
of patients at risk may improve outcomes,
since measures to attenuate the surgical stress
response and to reduce morbidity exist.”

Although C reactive protein (CRP) and
procalcitonin (PCT) have been proposed as
predictors for adverse outcomes in colorectal
surgery, they both display the critical limita-
tion of slow kinetics.® ¢ Conversely, serum
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albumin (Alb) is a maintenance protein that is rapidly
downregulated by inflammatory signals.4 10 Preliminary
data suggested that Alb level rapidly dropped after
surgery and correlated to outcomes in esophageal,'’
oral cancer,12 abdominal® pancreatic,13 liver resectionM/
transplant'® and cardiac'® surgeries. However, prospect-
ive validation is missing, and Alb is not used to assess
surgical stress or to predict outcomes.

This study aimed to test the hypotheses that early
postoperative albumin drop (1) reflects the magnitude
of surgical trauma, (2) correlates to established markers
of metabolic stress and (3) predicts postoperative
complications.

METHODS
Study design and patient groups
This prospective study was conducted at the Department
for Visceral Surgery at the University Hospital of
Lausanne Switzerland (CHUV) between February and
December 2015 (NCT02356484). The study was
approved by the Institutional Review Board (No. 367/
15), and all patients provided written consent prior to
surgery. Inclusion criteria were age >18years, and
elective major abdominal surgery—defined as an opera-
tive procedure with anticipated duration >2 hours."”
Perioperative care closely adhered to recently published
enhanced recovery guidelines (http://erassociety.org.
loopiadns.com/guidelines/list-of-guidelines). Standardised
fluid administration was followed by advanced haemo-
dynamic monitoring to avoid intraoperative fluid overload.
According to the clinical care pathway, intravenous fluid
was typically discontinued the morning after surgery.
Demographics, comorbidities, surgical details and
clinical outcomes were prospectively collected and anon-
ymised in a computerised protected database. A two-
sample t-test was used to calculate sample size, with size
effect of 0.8, power of 0.99 and significance level of 0.05.
This determined a required number of 50 patients per
group (ie, with complication vs without complication).
Anticipating a complication rate of 40%, the final
sample size for this study was n=125 patients. In order to
adjust for 10% dropout or missing data, final sample
size resulted in n=138.

Extent of surgery

The amplitude of surgical stress was measured by the
modified estimation of physiologic ability and surgical
stress (mE-PASS). Briefly, mE-PASS score encompasses
seven items (six preoperative variables and the surgical
procedure). It predicts the in-hospital mortality and the
30-day mortality rates, respectively.18 Type of surgery, opera-
tive time and surgical approach (open vs laparoscopic)
were recorded. Conversions from laparoscopy to laparot-
omy were counted as laparoscopic cases. Anaesthesiologists
and surgeons jointly estimated blood loss by measuring
the volume of aspirated fluid and soaked gauzes.

Biological markers

Serum levels of albumin, CRP, PCT and lactate (LCT)
were perioperatively measured in a fasting state, follow-
ing standardised institutional guidelines. Blood samples
were drawn the day before surgery, the day of surgery
(4-6 hours after the end of the operation) and on the
first, second and third postoperative day. As baseline
values tend to show large variations especially for
albumin,” '’ we considered that a dynamic value (differ-
ence between two time-points) might be more inform-
ative than a snapshot value. Several values based on
preoperative and postoperative concentrations were thus
calculated for each marker (ie, A Max: maximal differ-
ence between the preoperative and postoperative values;
A POD 0: difference of concentration on POD —1 and
POD 0; A POD 1: difference of concentration on POD
—1 and POD 1).

Outcome measures

Complications were graded with the Clavien classifica-
tion within 30 postoperative days, counting grade I/II
events as minor complications and grades III and V as
major complications.19 Every complication was docu-
mented. Global morbidity for each patient was quanti-
fied by the comprehensive complication index (CCI) on
a scale from 0 to 100,20 representing respectively no
complication and postoperative death. Length of stay
(LoS) was considered to be the duration from the day of
surgery until discharge.

Statistical analysis

Continuous variables were presented as mean with SD
or median value with IQR depending on the normality
of the distribution and compared using Student’s #test
and Mann-Whitney U test, whereas categorical variables
were given as frequencies with percentages and com-
pared with % test. For statistical analyses, the following
parameters were dichotomised: age (>70 years), body
mass index (>25 kg/m2), operative time (>180 min)
and blood loss (>200 mL). Spearman’s and Pearson’s
tests were used to measure correlations of categorical
(p) and continuous (r) variables, respectively. Receiver
operating characteristic (ROC) curves were applied to
obtain the area under the curve (AUC) and to deter-
mine ideal cut-offs. Logistic regression was applied to
identify independent predictors; variables with signifi-
cance <0.1 in univariable analyses were further included
in multivariable analyses. A p value <0.05 was considered
to be statistically significant in all tests. Data analyses
were generated using SPSS V.20 statistical software
(Chicago, Illinois, USA).

RESULTS

Patients characteristics, details of surgery and outcomes
During the study period, 155 consecutive patients under-
going major abdominal surgery were potentially eligible
for inclusion, but 17 of them refused to participate. As a
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result, 138 patients were included in the study and had a
complete follow-up. Demographics and surgical details
are displayed in table 1. The median mE-PASS score was
0.66 (IQR 0.45-0.96).

Overall, 60/138 patients (43%) experienced at least
one complication, and one patient died after total gas-
trectomy and splenopancreatectomy due to cardio-
respiratory arrest. Minor and major complications were
observed in 35 and 25 patients, respectively. Patients
showed a mean CCI of 13.2 (SD 18.5), and were dis-
charged after a median LoS of 8 days (IQR 5-15 days).

Perioperative profile of hiomarkers

The perioperative profile of albumin showed a rapid
drop induced by surgery, followed by a plateau phase
between POD 0 and POD 3 (see online supplementary
figure S1). LCT levels peaked in the first 4-6 hours after

surgery and were back to baseline on PODI1. Conversely,
CRP and PCT showed slow kinetics reaching maximal
values on POD 4 and 3, respectively. The mean maximal
decrease of albumin was 11.3 g/L (+5.6), which was
similar to albumin drop on POD 1: 10.1 g/L (SD: 5.8).
Further analyses were hence focused on AAlb on PODI.

Correlation of AAIb to surgical stress, biomarkers and
outcomes
AAlb on PODI correlated to surgical stress (mE-PASS)
(r=0.275, p=0.01) and to surrogates such as duration of
surgery (r=0.562, p<0.001), blood loss (r=0.391, p<0.001)
and surgical approach (p=0.55, p<0.001) (figure 1).
AAlb on PODL1 also correlated to maximal increases of
CRP (r=0.54, p<0.001), PCT (r=0.43, p<0.001) and LCT
(r=0.25, p=0.02). Furthermore, a positive and significant
correlation was highlighted between AAlb on POD1 and

Table 1 Baseline characteristics of patients with and without postoperative complications
Patients with complications (n=60) Patients without complications (n=78)
n (%) n (%) p Value
Demographics
Median age (years)* 64 (50-73) 59 (51-69) 0.306
Age >70 years 20 (51) 19 (49) 0.246
Gender (male) 38 (63) 34 (44) 0.021
Median BMI (kg/m?)* 24 (22-28) 26 (22-31) 0.038
BMI >25 kg/m? 27 (47) 46 (60) 0.128
Comorbidities
ASA (I-1) 36 (60) 52 (67) 0.419
ECOG (0-1) 45 (75) 66 (85) 0.158
Cirrhosis 2 (3) 1(1) 0.413
Heart disease 10 (17) 12 (16) 0.864
Lung disease 8 (13) 7 (9) 0.415
Diabetes 8 (13) 13 (17) 0.589
History of surgery 33 (55) 42 (55) 0.958
Cancer 45 (75) 54 (69) 0.456
Surgery
Type
Colorectal 14 (23) 17 (22) 0.840
HPB 31 (52) 19 (24) 0.001
Upper-Gl 11 (18) 17 (22) 0.674
Other 4 (7) 25 (32) <0.001
Approach <0.001
Open 50 (83) 29 (37)
Laparoscopy 10 (17) 49 (63)
Duration
Median (min)* 271 (224-340) 154 (112-239) <0.001
>180 min 46 (77) 33 (42) <0.001
Blood loss
Median (mL)* 300 (100-575) 90 (0-263) 0.002
>200 mL 40 (67) 24 (31) <0.001
Intravenous fluid (mL) 2500 (2000—4000) 1500 (1000—2500) 0.018
Median mE-PASS 0.77 (0.57-1.03) 0.49 (0.4-0.81) 0.12

Other surgeries included pressurised intra-abdominal aerosol chemotherapy (17), endocrine operations (4), complex abdominal wall
operations (2), resections of retroperitoneal sarcomas (3), nephrectomy (1) and interrupted limb perfusions for melanoma (2).

*Median values (IQR).

ASA, American Association of Anesthesiologists physical status classification system; BMI, body mass index; CCl, Comprehensive
Complication Index; ECOG, Eastern Cooperative Oncology Group performance status; cancer: operative indication; HPB,
hepato-pancreatico-biliary surgery; LoS, length of stay; mE-PASS, modified estimation of physiologic ability and surgical stress; Upper-Gl,

upper-gastrointestinal surgery.
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Figure 1 AAIb on POD1 correlates with the extent of surgery. AAlb on POD1 showed a significant correlation with (A) mE-PASS
(r=0.275, p=0.01), (B) blood loss (r=0.391, p<0.001) and (C) duration of surgery (r=0.562, p<0.001).

ACRP on POD4 (p=0.234, p=0.044). AAlb on PODI was
significantly associated with adverse outcomes, showing
significant correlations with CCI (p=0.383, p<0.001) and
LoS (p=0.468, p<0.001) (figure 2).

The correlations of CRP, PCT and LCT with surgical
stress and outcomes were also tested and are detailed in
online supplementary table S1.

Predictive value of albumin decrease
A ROC curve was used to determine the optimal cut-off
of AAlb on PODI, settled at 10 g/L. The area under the
curve (AUC) measured 78.3% (95% CI 70% to 87%),
giving a sensitivity of 77.1%, a specificity of 67.2%, a
positive predictive value of 64.8% and a negative predict-
ive value of 79.6%, for overall complications (figure 3).
The respective ROC curves for POD1 values of ACRP,
APCT and ALCT are provided in online supplementary
figure S2.

It was subsequently investigated whether this cut-off
was able to discriminate and stratify patients’ risk.

Patients with an intense drop of Alb on POD 1 (AAlb
POD1 >10 g/L) showed a higher mE-PASS (0.73 vs 0.49,
p=0.029) with higher rates of minor (36% vs 15%,
p=0.011), major (28% vs 6%, p=0.002) and overall com-
plications (64% vs 20%, p<0.001). This resulted in a sig-
nificantly higher CCI (20.9 vs 0, p<0.001) and in a
significantly longer LoS (13 vs 4 days, p<0.001) (see
online supplementary table S2).

Logistic regression with multivariable analysis identi-
fied open surgery (OR: 11.22; 95% CI 2.74 to 46.05;
p=0.001) and AAlb POD1>10g/L (OR: 3.29; 95% CI
1.14 to 9.49; p=0.028) to be independently associated
with overall complications (table 2).

DISCUSSION

Surgery induced a rapid decrease of serum albumin in
patients undergoing elective major abdominal proce-
dures; and it remained stable for several postoperative
days. Although correlation coefficients were modest, the
decrease in serum albumin significantly correlated with
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Figure 3 Receiver operating characteristic (ROC) curve to
determine the optimal cut-off of AAlb on POD1 (blue line),
showed an AUC of 0.78.

(1) the extent of surgery (mE-PASS, blood loss, duration
of surgery and surgical approach), (2) the maximal
amplitude of other stress markers, such as CRP, PCT and
LCT and (3) was consistently associated with adverse out-
comes (according to Clavien classification, CCI, and
LoS). A serum albumin decrease >10 g/L on POD 1 was
independently associated with a threefold increased risk
for postoperative complication.

The present study tested a panel of four biomarkers of
which two are routinely used and served as benchmarks

(CRP and PCT) and two are less established markers
and deserved prospective investigations (Alb and LCT).
The mE-PASS accurately recapitulates surgical stress, and
was validated and used in abdominal surgery.'® *'** To
the best of our knowledge, there is no other validated
and available score. One study end point was the CCI,
which is a score summing each complication graded
according to the Clavien classification. As a result, CCI
avoids omitting minor complications and is therefore
more accurate than the Clavien classification alone.”
Serum albumin showed the more consistent correlation
with stress response and clinical outcomes. Alb and LCT
display some of the features for ideal markers: easy to
measure and to interpret, readily available, can be
repeated for monitoring and non-expensive. While Alb
rapidly dropped after surgery and subsequently stabilised
until POD 3, LCT showed a prompt increase followed by
a fast return to baseline value, already on POD 1. It can
be assumed that the timing of blood collection may have
a more important impact on LCT than on Alb. As a con-
sequence, Alb is more robust and easier to use in the
clinical setting. Importantly, the selected markers were
repeatedly measured, which allowed us to capture their
perioperative profiles and to further calculate differ-
ences of concentrations between various time-points.
The latter was revealed to be pivotal and more inform-
ative than a single value.

The mechanisms of early postoperative albumin
decrease combine altered metabolism, blood loss/dilu-
tion and most importantly redistribution into the third
space, due to capillary leakage. The latter accounts for
>75% of albumin decrease in the early postoperative
phase and appears to be related to the magnitude of sys-
temic inflammatory response.'’ *> *® Therefore, albumin
decrease is certainly influenced by perioperative fluid
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Table 2 Logistic regression with univariable and multivariable analysis for predictors of postoperative complications

Overall postoperative complications

Univariable Multivariable

OR 95% ClI p Value OR 95% CI p Value
Age >70 years 1.55 0.74 to 3.27 0.247
Gender (female) 0.45 0.22 to 0.89 0.022 1.06 0.38 to 2.96 0.905
ASA I/l 1.33 0.66 to 2.68 0.42
ECOG 0/1 1.83 0.79 to 4.28 0.161
Cirrhosis 2.66 0.24 to 30 0.43
Cancer 1.33 0.63 to 2.84 0.456
Diabetes 0.77 0.3to 2 0.59
BMI>25 kg/m? 0.59 0.3t0 1.17 0.129
Approach (open) 8.49 3.7210 19.18 <0.001 11.22 2.74 t0 46.05 0.001
Duration >180 min 4.48 2.12109.47 <0.001 0.47 0.11 to 1.94 0.297
Blood loss >200 mL 4.50 2.19t09.25 <0.001 1.68 0.57 to 4.99 0.350
AAIb POD1 >10 g/L 6.89 2.94 t0 16.14 <0.001 3.29 1.14 to 9.49 0.028

Bold indicates significant => p<0.05

ASA, American Association of Anesthesiologists physical status classification system; BMI, body mass index; ECOG, Eastern Cooperative
Oncology Group performance status; AAlb POD1, the difference between serum albumin concentration on POD —1 and POD 1 (g/L).;

mE-PASS, modified estimation of physiologic ability and surgical stress.

management (liberal vs restrictive), but it mainly reflects
the extent of postsurgical stress response.

In multivariable analysis (table 2), two factors were
independently associated with complications: approach
and AAlb POD1 >10 g/L. The overlap of certain para-
meters of surgical stress may, in part, explain why they
were not identified as independent predictors of compli-
cations. It may also suggest that serum albumin mirrors
these different parameters.

Some limitations need to be addressed. The present
analyses were focused on four biomarkers that are readily
available and easy to evaluate in the clinical setting. This
non-inclusive panel of biomarkers could be perceived as a
methodological shortcoming. Notwithstanding, integrat-
ing more complex and costly biomarkers would unlikely
be more informative given their poor reproducibility, cost
and assay measurement complexity. Likewise, this study
did not assess the predictive value of albumin drop com-
bined with other biomarker and/or clinical variables.
Although such a classifier may presumably improve sensi-
tivity and specificity, it will also be more complex which
could ultimately preclude its implementation in clinical
practice. Blood collection on POD 0 occurred 4-6 hours
after the end of surgery. This delay might be long enough
to alter the discriminatory ability of certain biomarkers,
particularly lactate.?” Finally, the present findings need to
be further validated with an independent cohort.

Available data on the predictive role of postoperative
Alb are scarce; and most of these reports were retro-
spective studies.''™"? ' 1° Of note, each of the studies
investigated only a single postoperative value of serum
albumin. This represents a critical drawback as it cannot
be discerned whether the low postoperative concentra-
tion of serum albumin resulted from intense surgical
stress or from low preoperative level, which is an
acknowledged predictor of increased postoperative com-
plication.”® *? A prospective pilot study in abdominal

surgery—conducted recently in our institution—showed
consistent findings, with an increased risk of complica-
tion related to the amplitude of serum albumin post-
operative drop.* Of note, the cohorts from this
previous study (70 patients) and from the present one
(138 patients) were strictly distinct. Postoperative LCT
has been more thoroughly explored in liver surgery,
with few reports in other surgical fields. In a recent
landmark study, Vibert et al’’ demonstrated that a
postoperative cut-off of arterial LCT >3 mmol/L at the
end of surgery was an independent predictor of com-
plications after elective hepatectomies. Their conclu-
sion correlates with the present findings since ALCT
PODO was correlated with mE-PASS (p=0.039), overall
complication (p<0.001), CCI (p=0.007) and LoS
(p=0.008) (figure 2). Although CRP and PCT are rou-
tinely used biomarkers in clinical practice, they are typ-
ically contributive on POD 4 only. The present study
design allowed to confirm the ultimate advantage of
Alb to be upregulated within the early postoperative
phase, illustrated by the correlation between AAlb on
POD1 and ACRP on POD4 (p=0.234, p=0.044), high-
lighted in this study. In fact, AAlb on PODI was more
sensitive than ACRP on POD4, illustrated by AUC of
0.78 and 0.75, respectively (figure 3 and see online
supplementary 3D).

How the monitoring of Alb in surgical patients can lead
to better outcomes is a key question. Measures to preopera-
tively attenuate the stress response to surgery have been
extensively explored. Interestingly, successful attempts were
reported with immunonutrition,” enhanced recovery pro-
grammes (ERAS),”" ** or high-dose glucocorticoids.”
Whether these options would be able to restrain the stress
response, once triggered, in the early postoperative phase
remains to be investigated. In this setting, albumin drop
may indicate whether these measures may be beneficial in
the perioperative period by being incorporated into the
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9.

design of clinical trials as a marker for patients at higher
risk of perioperative complications.

In summary, early postoperative decrease of serum
albumin correlated with the (1) extent of surgery, (2) its
metabolic response and with (3) adverse outcomes such
as complications and LoS. A decreased concentration of
serum albumin >10 g/L on POD 1 was associated with a
threefold increased risk of overall postoperative compli-
cations; albumin decrease occurs rapidly after surgery
and remains stable for several days. As it is easy to
measure, it could be used to identify patients at risk.
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