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Abstract
Introduction Early leakage detection following bariatric procedures is crucial, but a standardized evaluation method is lack-
ing. The aim was to validate the potential benefits of postoperative day 1 (POD1) C-reactive protein (CRP) levels and white 
blood cell (WBC) counts in distinguishing at-risk patients following Roux-en-Y gastric bypass (RYGB) while considering 
the impact of obesity-related chronic inflammation.
Methods Retrospective analysis of 261 consecutive patients aged 18–65 years with a body mass index (BMI) of 32.5–50 kg/
m2 who underwent primary RYGB between 2017 and 2022. Sequential changes in CRP levels and WBC counts measured 
48 h preoperatively and on POD1 morning were collected and compared between patients with/without complications and 
in patients without complications stratified by preoperative CRP levels.
Results Female patients and those with a higher BMI tended to have higher baseline CRP levels, which were positively 
related to postoperative CRP. Patients experiencing complications had higher WBC counts and a higher prevalence of WBC 
counts >14,000/μl (77.8% vs. 25.4%; p<0.001) than those without complications. Baseline CRP ≥ 0.3 mg/dl, a longer opera-
tive time, and blood loss >10 ml were significantly more common with WBC counts above 14,000/μl; a reasonable range 
of change in WBC count (∆WBC) derived from its positive correlation to postoperative WBC count (r=0.6695) may serve 
as a useful complementary indicator.
Conclusion An individualized CRP threshold setting and integrated interpretation of the WBC count can be more appropriate 
than using static criteria for differentiating at-risk patients after RYGB. Further studies are needed to validate these findings 
and determine their generalizability.
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Introduction

Bariatric/metabolic surgery is an essential treatment 
option for the management of severe obesity and related 
metabolic disorders [1], but it has a high inherent risk of 

Key Points  
• Individualized CRP threshold setting can be more appropriate 
for screening.
• Baseline CRP/WBC count and operative factors significantly 
affect postoperative WBC count.
• ∆WBC can be a useful supplementary indicator.
• A three-step flowchart is proposed.
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leakage, particularly when the Roux-en-Y gastric bypass 
(RYGB) procedure is used [2]. The early diagnosis of a 
leak is crucial for the avoidance of clinically significant 
outcomes, but this can be challenging due to the ambigu-
ous and delayed onset of the initial symptoms [3].

To predict the occurrence of gastrointestinal anasto-
motic leakage, current screening methods have limita-
tions in terms of accessibility, timeliness, and accuracy. 
For example, independently, vital signs may not indicate 
overt physiological disturbances until it is too late [4], 
and contrast swallow studies are time-consuming and have 
limited diagnostic value [5]. Although serum C-reactive 
protein (CRP) levels and white blood cell (WBC) counts 
are commonly used acute phase indicators for various gas-
trointestinal procedures [6], data on the optimal timing of 
their assessment and criteria for referral in the bariatric 
setting are inconclusive [7]. Because the extent of sur-
gical trauma can affect postoperative CRP levels [8], it 
is also uncertain whether standards for these indicators, 
mostly derived from mixed procedures, can be applied 
to RYGB [7–10]. In addition, it has been reported that 
obesity-related chronic inflammation leads to generally 
elevated inflammatory biomarkers preoperatively [11]; 
the potential impact of such a “noisy background” on the 
interpretation of correlated testing results has not been 
fully investigated. To address these challenges in the era 
of enhanced recovery programs (ERAS), this study cent-
ers on the comprehensive examination of daily detected 
inflammation indices, aiming to uncover an approach 
that holds clinical interpretive advantages. The primary 
objective is to examine the practicality of utilizing CRP 
levels and WBC counts as indicators for identifying high-
risk patients after RYGB. The secondary objective was 
to understand the impact of baseline inflammation on the 
interpretation of correlated testing results. We believe that 
our research findings will contribute to a safer approach 
that allows early discharge for most RYGB patients and 
ultimately improves patient care.

Materials and Methods

We conducted a retrospective cohort study analyzing 
data from consecutive patients who underwent bariat-
ric/metabolic surgery at a university-affiliated hospital 
between January 2017 and June 2022. The study was 
approved by the local institutional review board, and 
the requirement to obtain informed consent was waived 
owing to the retrospective study design. We conducted 
the study in compliance with the ethical standards out-
lined in the 1964 Declaration of Helsinki and its subse-
quent amendments.

Inclusion and Exclusion Criteria

To be included in the study, patients had to be 18 years 
or older, have a body mass index (BMI) of 32.5 kg/m2 or 
higher with one or more obesity-related comorbidities, or 
have a BMI ≥ 37.5 kg/m2 or < 50 kg/m2 who underwent 
primary RYGB. The criteria for selection incorporate a low 
BMI threshold in accordance with regional ethnic guidelines 
[12] and align with local health insurance benefit prerequi-
sites. Patients with chronic inflammatory diseases, patients 
receiving immunosuppressive medications at the time of 
the procedure, and patients who were on long-term steroid 
treatment within the past 6 months were excluded from the 
study. Patients who underwent concomitant procedures or 
who experienced any intraoperative complications were also 
excluded. We identified eligible patients and extracted data 
from electronic medical records using Microsoft Excel 2010 
software based on the aforementioned criteria.

RYGB Procedure

RYGB is considered the standard procedure and the proce-
dure we perform most often in a shared decision-making 
process [13]. The surgical procedure was performed by a 
single surgeon with a consistent technique, the details of 
which are described elsewhere [14].

Clinical Care and Evaluations

The preoperative work-up included chest radiographs, 
electrocardiograms, and esophagogastroduodenoscopy, 
and a complete blood count and CRP level were routinely 
obtained within 48 h before the surgery and on the morn-
ing of POD1. Standard CRP levels were measured using the 
Beckman Coulter AU clinical chemistry system, and WBC 
counts were measured using the Beckman Coulter DxH sys-
tem. The reference range for CRP was less than 0.5 mg/dl, 
and results less than 0.1 mg/dl were reported as 0.1 mg/dl 
due to measurement limitations. The reference range for the 
WBC count was between 4.8 and 10.8 ×  103/μl. Perioperative 
care was performed following a consistent ERAS protocol 
[14], and discharge was allowed on the morning of POD1 if 
vital signs were stable, pain was tolerable, and the results of 
laboratory tests were within the acceptable range. For any 
patients who were subjectively unwell or had concerning 
testing results, a cautious approach was used that included 
4–6 h of close in-hospital observation, alleviating medica-
tions and further imaging studies if there were any clinically 
suspicious signs. Data on patient characteristics, including 
sex, age, BMI, and comorbidities, and intraoperative details, 
including the operation time, blood loss, and occurrence of 
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intraoperative complications as well as change in the CRP 
level (∆CRP=postop CRP-preop CRP) and change in WBC 
count (∆WBC=postop WBC-preop WBC), were collected. 
Early postoperative complications were defined as any devia-
tion from the standard-of-care treatment within our center 
within 30 days after surgery. Leakage was diagnosed with 
computed tomography based on peritoneal fluid collection, 
abscess formation, or abnormal gas patterns adjacent to anas-
tomosis and proof upon reoperation. To minimize the impact 
of procedure context and sampling timeframe, the thresholds 
used as the main putative screening criteria in this study were 
a CRP level >10 mg/dl [15] and a WBC count exceeding 
14,000/μl [6], as both are POD1 and RYGB specific. Other 
POD1 indicators that are not specifically proposed after 
RYGB, including a CRP threshold ≥6.1 mg/dl [7], neutrophil 
percentage >85% [16], and neutrophil-to-lymphocyte ratio ≥ 
10 [17], were also analyzed. The primary outcomes assessed 
included comparing various markers between those with and 
without complications. A subgroup analysis was conducted 
in which patients without complications were stratified by 
baseline CRP level to determine the influence of baseline 
inflammation, group 1 (<0.3 mg/dl), group 2 (0.3–0.9 mg/
dl), and group 3 (≥1 mg/dl), in accordance with the definition 
of clinically significant inflammation [11, 18], which served 
as the secondary outcome measures. Patients were followed 
up postoperatively at 1 week; 1, 3, 6, and 12 months; and 
then every half-year after surgery. Per the study results, a 
comprehensive interpretation method considering the com-
plimentary role of individual indicators is proposed.

Statistical Analysis

R version 4.2.0 (R Foundation for Statistical Computing, 
Vienna, Austria) was used to perform statistical analyses. 
The Shapiro–Wilk test was used to assess the normality 

of the continuous variables, and the results are reported as 
the mean with standard deviation or median with quartiles. 
Student’s t test or the Mann–Whitney U test was used to 
compare groups as appropriate. Categorical variables are 
reported as counts with percentages and were evaluated 
using Fisher’s exact test or the chi-squared test. Spearman’s 
correlation coefficient was used to assess the relationship 
between variables, and linear regression model analysis was 
employed to identify associations between variables. p val-
ues < 0.05 were considered statistically significant.

Results

Out of 270 patients who underwent primary RYGB during 
the study period, 9 patients were excluded, including one 
patient with chronic inflammatory disease, one patient on 
long-term steroids, six patients who underwent concomi-
tant procedures, and one patient who experienced intraop-
erative bleeding requiring blood transfusion. Among the 
remaining 261 patients, 9 patients (3 female) experienced 
complications with a median age of 33.0 (34.0–28.0) and 
a median BMI of 41.1 (42.7–38.1) kg/m2 that all occurred 
within 3 days post operation, including leakage (n=1), cel-
lulitis (n=1), wound hematoma (n=2), hematemesis (n=2), 
and melena (n=3). Three readmissions, including two for 
hematemesis and one for anastomotic leakage, were per-
formed. The index case of leakage received relaparoscopic 
repair and recovered uneventfully. No deaths occurred. The 
other 252 patients who did not experience complications had 
a median age of 37.5 (43.0–30.0) years and a median BMI of 
37.2 (39.6–35.2) kg/m2, and 54.4% were female.

Table 1 shows no difference in CRP level pre- and post-
operatively or incidence with CRP >6 mg/dl between the 
groups. While none had CRP>10 mg/dl, the index case with 

Table 1  Clinical features 
between patients with and 
without complications

CRP C-reactive protein, IQR interquartile range, ∆CRP postoperative CRP-preoperative CRP, WBC white 
blood cell, ∆WBC postop WBC-preop WBC, NLR neutrophil-to-lymphocyte ratio
*p < 0.05

Complicated (n=9) Uncomplicated (n=252) p value

Preop CRP, median (IQR) 0.6 (1.4–0.5) 0.5 (0.9–0.3) 0.125
Post-op CRP, median (IQR) 2.3 (3.9–1.5) 1.5 (2.2–1.0) 0.058
 ∆CRP, median (IQR) 1.0 (2.8–0.8) 0.9 (1.4–0.5) 0.204
 Post-op CRP > 6, n (%) 1 (11.1) 10 (3.9) 0.436
 Post-op CRP > 10, n (%) 0 0
Preop WBC, median (IQR) 9.23 (10.24–8.74) 8.35 (9.68–7.12) 0.207
Post-op WBC, median (IQR) 16.06 (17.10–14.29) 12.26 (14.03–10.73) 0.001*
 ∆WBC, median (IQR) 6.21 (8.64–4.73) 3.82 (5.40–2.62) 0.005*
 Post-op WBC > 14,000, n 7 (77.8) 64 (25.4) <0.001*
 Neutrophil percentage >85%, n (%) 0 (0.0) 15 (6.0) 1
 NLR > 10, median (IQR) 1 (11.1) 17 (6.7) 0.611
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leakage (CRP = 8 mg/dl) and 10 out of 252 patients without 
complications had postoperative CRP> 6 mg/dl. Patients 
with complications had a higher postoperative WBC count 
(16.06 (17.10–14.29) vs. 12.26 (14.03–10.73); p=0.001), 
more WBC counts >14,000/μl (7/9, 77.8% vs. 64/252, 
25.4%; p<0.001), and a higher ∆WBC than those with-
out complications (6.21 (8.64–4.73) vs. 3.82 (5.40–2.62); 
p=0.005). As depicted in Fig.  1, a correlation matrix 

demonstrating moderate positive correlations of WBC 
counts (r=0.62) and CRP levels (r=0.41) pre- and postop-
eratively was found in those without complications. Table 2 
shows the clinical characteristics of patients without com-
plications categorized based on their baseline CRP levels. 
Among them, female patients (group 3, 74.2% vs. group 
2, 47.5% vs. group 1, 49.0%; p=0.001) and those with a 
higher BMI (group 3, 39.1 (41.9–36.2) kg/m2 vs. group 2, 

Fig. 1  Spearman’s correla-
tion coefficients were used in 
the matrix to summarize the 
correlations between variables. 
Correlation coefficient interpre-
tation: r=0.00–0.10 negligible 
correlation, r=0.10–0.39 weak 
correlation, and r=0.40–0.69 
moderate correlation. p value: 
***, 0–0.001; **, 0.001–0.01; 
*, 0.01–0.05; •, 0.05–0.10

Table 2  Clinical characteristics of patients without complications grouped by preoperative CRP level

CRP C-reactive protein, IQR interquartile range, BMI body mass index, GERD gastroesophageal reflux disease, G1 group 1, G2 group 2, G3 
group 3
* p < 0.05

Variables Group 1 (n = 51) Group 2 (n = 139) Group 3 (n = 62) p value G1 vs. G2 G1 vs. G3 G2 vs. G3

Age (years), median (IQR) 39.0 (45.0–31.0) 38.0 (42.5–31.0) 34.5 (41.0–29.3) 0.096 0.444 0.055 0.071
Female, n (%) 25 (49) 66 (47.5) 46 (74.2) 0.001* 0.8711 0.006* < 0.001*

BMI (kg/m2), median (IQR) 36.0 (37.9–34.3) 37.0 (39.4–34.9) 39.1 (41.9–36.2) < 0.001* 0.019* < 0.001* < 0.001*

Comorbidities, n (%)
 Diabetes mellitus 12 (23.5) 49 (35.3) 22 (35.5) 0.278 0.217 0.401 1
 Hypertension 24 (47.1) 60 (43.2) 20 (32.3) 0.224 0.741 0.124 0.162
 Dyslipidemia 34 (66.7) 105 (75.5) 34 (54.8) 0.013* 0.267 0.247 0.004*

 GERD 20 (39.2) 61 (43.9) 27 (43.5) 0.839 0.621 0.703 1
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37.0 (39.4–34.9) kg/m2 vs. group 1, 36.0 (37.9–34.3) kg/
m2; p<0.001) tended to have higher baseline CRP levels. 
Table 3 presents the POD1 parameters of the subgroups. 
While Group 3 had higher postoperative CRP levels (2.1 
(2.90–1.60)) than group 2 (1.4 (1.90–1.00)) and group 1 
(1.1 (1.60–0.75); p<0.001), there was no difference in the 
incidence of CRP > 6 mg/dl between the groups. Group 
3 also had significantly higher preoperative WBC counts 
(9.08 (10.58–7.68)) than group 2 (8.23 (9.53–7.18)) and 
group 1 (7.59 (9.05–6.72); p=0.001), a higher postopera-
tive WBC count than group 1 (12.82 (14.80–11.21) vs. 11.86 
(13.21–10.57); p=0.025), and a higher percentage of patients 
with a WBC count >14,000/μl (22 (35.5%)) than group 2 (36 
(25.9%)) and group 1 (6 (11.8%); p=0.013).

Discussion

The inherent leakage rate for RYGB can be as high as 8.3% 
[19]; however, there is currently no high level of evidence 
or supporting methods to prevent or reduce this risk. As the 
initial symptoms may be ambiguous, early recognition of 
leakage after RYGB can be challenging. In fact, leakage has 
been reported to be diagnosed at a median of 3 days postop-
eratively [3]. Considering that most of our patients were dis-
charged on POD1 following RYGB under a coherent ERAS 
protocol [14] and that clinical outcomes can significantly 
worsen if leaks or severe complications are not detected and 
treated promptly [20], it is essential to have a reliable early 
indicator. To achieve this goal, the current study conducted 

a comprehensive POD1 data analysis and specifically exam-
ined the role of POD1 CRP level and WBC count because 
both are low-cost, readily accessible, and supported by evi-
dence. The results showed a low incidence of complications, 
which aligned with national statistics [21], and bleeding and 
leakage were the most common complications. CRP > 6 
mg/dl was able to screen the index case with leakage, and 
a minor subset of patients without complications presented 
with CRP exceeding this limit. While female patients and 
those with a higher BMI tended to have higher baseline CRP 
levels, postoperative CRP levels were found to be positively 
related to baseline levels. Patients with complications had 
a higher WBC count and were more likely to have WBC 
counts >14,000/μl than those without complications. For a 
nonnegligible percentage of patients without complications 
likely presenting with WBC counts >14,000/μl, a baseline 
CRP >0.3 mg/dl as well as other interfering factors, such 
as baseline WBC count and perioperative factors, should 
be considered.

Currently, there is no consensus on a standardized assess-
ment method for the early detection of postoperative com-
plications post RYGB [22]. Clinically, in the absence of 
consistent criteria, discharging these patients early or not is 
usually up to the surgeon’s discretion. In actual practice, we 
examine independent vital signs because these are frequently 
referred to as essential indicators in identifying complica-
tions early [23]; however, none of our patients experienced 
fever, dyspnea, tachycardia, or unstable blood pressure on 
POD1, which encompasses cases involving leakage as well. 
Subsequently, we prefer CRP as our first-line screening tool 

Table 3  POD1 parameters of the subgroups without complications

POD1 postoperative day 1, CRP C-reactive protein, IQR interquartile range, ∆CRP postoperative CRP-preoperative CRP, WBC white blood cell, 
∆WBC postoperative WBC-preoperative WBC, NLR neutrophil-to-lymphocyte ratio, G1 group 1, G2 group 2, G3 group 3
* p < 0.05

Variables Group 1 Group 2 Group 3 p value G1 vs. G2 G1 vs. G3 G2 vs. G3

Preop CRP (mg/dl), median 
(IQR)

0.20 (0.20–0.10) 0.50 (0.70–0.35) 1.20 (1.60–1.00)

Post-op CRP (mg/dl), median 
(IQR)

1.10 (1.60–0.75) 1.40 (1.90–1.00) 2.10 (2.90–1.60) < 0.001* < 0.001* < 0.001* < 0.001*

 ∆CRP 0.90 (1.40–0.60) 0.90 (1.40–0.50) 0.75 (1.18–0.30) 0.057 0.465 0.033* 0.043*

 CRP > 10 (mg/dl) 0 0 0 - - - -
Preop WBC count  (103/μl), 

median (IQR)
7.59 (9.05–6.72) 8.23 (9.53–7.18) 9.08 (10.58–7.68) 0.001* 0.064 < 0.001* 0.013*

Post-op WBC count  (103/μl), 
median (IQR)

11.86 (13.21–10.57) 12.20 (14.13–10.50) 12.82 (14.80–11.21) 0.086 0.285 0.025* 0.135

 ∆WBC  (103/μl), median 
(IQR)

3.78 (5.76–2.60) 3.93 (5.32–2.65) 3.54 (4.88–2.42) 0.697 0.743 0.432 0.502

 > 14,000, n (%) 6 (11.8) 36 (25.9) 22 (35.5) 0.013* 0.047* 0.004* 0.18
 Neutrophil percentage 75.9 (79.4–72.7) 76.9 (80.1–72.1) 77.4 (81.8–73) 0.231 0.6391 0.101 0.163
 > 85%, n (%) 1 (2) 8 (5.8) 6 (9.7) 0.254 0.448 0.125 0.37
 NLR > 10 3 (5.9) 8 (5.8) 6 (9.7) 0.554 1 0.509 0.37
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because it is commonly utilized as a priority diagnostic 
tool [7–10, 15], reported to be useful at early detection of 
postoperative leak and complications [7] and considered a 
better prognostic marker than WBC count in the bariatric 
setting due to its higher negative predictive value [8]. The 
study’s first exam referred to a CRP threshold of >10 mg/dl, 
and the results showed that such a threshold appeared to be 
inappropriate for none of the cases with CRP exceeding this 
limit. It is also clearly higher than in other reports based on 
combined procedures (range, 5–8.05 mg/dl) [7–10], and the 
difference can be partially attributed to a greater CRP surge 
that is related to more extensive tissue trauma after RYGB 
than after sleeve gastrectomy [8]. Given the linear relation-
ship between pre- and postoperative CRP, factors inherent 
to the study population that may affect preoperative baseline 
values must be considered. For example, Asian patients have 
a lower median BMI [11] and a smaller proportion of female 
patients included in our case than Western patients [24] and 
presumably have a weaker systemic inflammatory response 
to obesity than North American/European patients [25]. 
Altogether, these factors may have contributed to a lower 
baseline CRP level, eased the surgical procedure [26], and 
tempered the CRP surge [27]. Meanwhile, just as there is a 
great variation in the proposed CRP criteria [7], these find-
ings support a tailor-made threshold setting in considering 
study designs, procedure factors, and specific populations. 
As the ideal can be verified in subsequent studies, the ensu-
ing question of how to adjust the threshold by adapting to 
these factors remains to be determined. Nevertheless, the 
study supports the rationale of setting a lower CRP cutoff 
in our case, and the result that most of our patients without 
complications had a CRP< 6 mg/dl (242/252) is concordant 
with the notion of systematic reviews and meta-analyses that 
a POD1 CRP level below 6.1 mg/dl is associated with a less 
than 2% risk of complications [7]. However, because the 
reported sensitivity of POD1 CRP varies greatly (27–100%) 
[7–10, 15] and the positive predictive value for POD1 
CRP was found to be lower than the CRP measurement at 

POD 2 or later [8, 10, 28, 29], as suggested, we are more 
alert regarding in-hospital observation for those with CRP 
exceeding preset limits [9]. On the other hand, because CRP 
measurement can be constrained by the sampling timeframe 
and is not expected to reach its peak until 48–72 h after 
surgery [28] and the postoperative CRP surge tended to be 
modest in our case, the supplementary role of other tests is 
required to help determine the suitability of early release for 
those with within-range CRP.

As the second most commonly utilized indicator, the 
results indicate the general usefulness of WBC count and 
inferred indicators for patients with complications, including 
significantly higher WBC counts and WBC counts exceeding 
14,000/μ postoperatively. Part of the reason can be because 
of the sampling timeline. Unlike CRP, the WBC count has 
an earlier peak that occurs on POD1 [30]. Accordingly, early 
release is deemed appropriate in cases of patients with CRP 
<6 mg/dl and WBC count <14,000/μ for expedited early hos-
pital discharge is suggested when CRP levels are within the 
range and clinical signs are reassuring [15], and WBC count 
>14,000/μ is able to identify most cases of complications. 
However, the major flaw of the index criteria resides in a 
profound impact of baseline WBC count since it is positively 
correlated with postoperative WBC count. In fact, patients 
with abnormal preoperative WBC counts (>10.8  (103/μl)) 
were more likely to have postoperative WBC counts >14,000/
μl than those without (20/27, 77.5% vs. 44/225, 19.5%). Fur-
ther analysis revealed that patients with a postoperative WBC 
count ≥14,000/μl had significantly higher preoperative WBC 
counts (10.22 (11.79–9.45) vs. 7.80 (8.91–6.90); p<0.001), a 
longer operative time (88 (103–80) min vs. 83 (96–74) min; 
p=0.041), more blood loss >10 ml (7 (10.8%) vs. 4 (2.1%); 
p=0.007), a higher ∆WBC count (5.87 (7.81–4.22) vs. 3.30 
(4.57–2.39); p<0.001), and a longer hospital stay (26 (45–24) 
vs. 24 (27–22); p=0.009) than those with a postoperative 
WBC count <14,000/μl (Table 4). Whereas higher baseline 
CRP levels, intraoperative meaningful blood loss, and, as 
reported, a longer operation time [19] all likely contributed 

Table 4  Comparative analysis of patients without complications with WBC counts ≥ 14,000/μl and < 14,000/μl

WBC white blood cell, Op operation, IQR interquartile range, LOS length of stay, ∆WBC postoperative WBC-preoperative WBC
* p < 0.05

Variables WBC count < 14,000 (n = 187) WBC count ≥ 14,000 (n = 65) p value

Op time (min), median (IQR) 83 (96–74) 88 (103–80) 0.041*

Blood loss > 10 ml, n (%) 4 (2.1) 7 (10.8) 0.007*

LOS (hours), median (IQR) 24 (27–22) 26 (45–24) 0.009*

Preop WBC  (103/μl), median (IQR) 7.80 (8.91–6.90) 10.22 (11.79–9.45) < 0.001*

Post-op WBC  (103/μl), median (IQR) 11.30 (12.57–10.23) 15.69 (17.80–14.81)
 ∆WBC  (103/μl), median (IQR) 3.30 (4.57–2.39) 5.87 (7.81–4.22) < 0.001*

 Neutrophil percentage 75.8 (79.6–71.5) 79.1 (82.5–76.3) < 0.001*

 > 85%, n (%) 6 (9.2) 9 (4.8) 0.224
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to a higher prevalence of WBC count >14,000/μ, to achieve 
this goal, relying solely on individual inflammation indices 
appears inadequate, and a thorough assessment of postop-
erative WBC counts, accounting for potential influencing 
factors, is necessary. It is speculated that operative time and 
blood loss may serve as surrogate indicators of surgical dif-
ficulty encountered and elicit tissue trauma with a stronger 
leukocyte response. However, we did not find a linear corre-
lation of these factors with postoperative WBC count. Since 
there was a higher median ΔWBC in patients with compli-
cations, a reasonable range of ∆WBC values derived from 
the dataset of those without complications based upon its 
linear positive correlation to the postoperative WBC count 
(r=0.6695), as shown in Fig. 2, can be a useful auxiliary 
indicator and avoids the interference of the effect of base-
line WBC count at the same time (Fig. 3). For postoperative 
WBC counts in the range of 8000–22,000/μl, each increase 
in WBC of 2000/μl corresponds to a control table where 
ΔWBC values can be estimated, from which a reasonable 
range for ΔWBC is estimated to be 1500 to 9200/μl. In other 
words, a WBC spike beyond the bounds of this extrapola-
tion could indicate a high-risk scenario that warrants careful 
handling. In summary, in contrast to the previous standard 

of care, which lacked consistent referral thresholds and was 
at the discretion of the surgeon, the present study advocates 
for an enhanced approach. This approach involves establish-
ing a tailored CRP threshold set at a lower level, followed 
by a thorough analysis of the WBC count, accounting for 
whether the ΔWBC falls within an acceptable range. These 
findings are then integrated into a structured three-step flow-
chart under the prerequisite of stable hemodynamics (Fig. 4). 
Retrospectively for the validation of the model, the first step 
involves using a CRP level threshold of 6 mg/dl to exclude 
complications, and further observation or clinically indicated 
examinations are suggested for those patients with CRP> 
6 mg/dl. Next, 6 out of 8 patients with complications were 
classified as at-risk, and a total of 184 of 250 patients were 
deemed appropriate for early discharge following a WBC 
count threshold of 14,000/μl. The third step involved using 
the derived ΔWBC threshold as a supplementary indicator, 
and early discharge was suitable for 38 out of the remaining 
66 patients with acceptable ΔWBC counts. In pursuit of this 
objective, the suggested measures successfully reduced the 
number of patients considered high-risk and proved valuable 
in distinguishing those with WBC counts outside the normal 
range. This approach addresses the limitations of the previous 

Fig. 2  Results of the linear regression model analysis between the postoperative WBC count and other parameters, including the a operating 
time (OP time), b preoperative CRP level (Pre-CRP), c preoperative WBC count (Pre-WBC), and d ∆WBC. Correlation coefficient = rho
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Fig. 3  ∆WBC predicted based 
on its correlation with the 
postoperative WBC count. 
The lower column depicts the 
predicted ∆WBC count and its 
relation to the postoperative 
WBC count

Fig. 4  Proposed three-step flowchart that consists of stepwise inter-
pretation of the postoperative CRP level, WBC count, and ΔWBC 
count. Step 1, CRP>6 md/dl or not; step 2, WBC count >14,000 or 

not; step 3, ∆WBC within acceptable range or not. OBS, observation; 
MBD; may be discharge; BT, body temperature; HR, heart rate; RR, 
respiratory rate
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method, which relied solely on clinical case judgment of CRP 
level or WBC count. Other potential benefits of obviating 
unnecessary in-hospital observation or advanced imaging 
exams can be confirmed by follow-up studies. The pitfall of 
this framework was that out of the 8 patients experiencing 
complications, 4 would have still been permitted to be dis-
charged, including those with cellulitis, melena, abdominal 
wall hematoma, and hematemesis. Given that prior studies 
have shown that the parameters examined were not reported 
to have efficacy in differentiating patients with bleeding-
related complications [31] and because we did not find a 
complementary role of other non-RYGB-specific indicators, 
future investigations will not only delve into the intricacies 
of individual indices but also consider incorporating other 
promising assays to provide additional insights and further 
refine clinical practice.

Limitations

The study’s findings may have limited generalizability due to 
several factors. First, it only included data from one surgeon, 
and the study population consisted of patients from a single 
ethnicity, which hampers the ability to apply the results to 
other surgical practices. Additionally, the study was retro-
spective, introducing potential biases in data collection and 
limiting the ability to establish causal relationships. Unlike 
other studies, the study did not aim to determine a specific 
cutoff for individual indicators, citing limitations within the 
research group with a low incidence of leak and infectious 
complications. As our study primarily concentrates on the 
integrated analysis of daily detected inflammation indices 
in the pursuit of a clinically beneficial approach, to validate 
the findings and gain deeper insights into the relationship 
between these biomarkers and outcomes after RYGB, a pro-
spective study with a larger patient population, randomi-
zation, stratification by risk factors, and longer follow-up 
periods would be beneficial.

In summary, while CRP levels were affected by the meas-
urement timeframe and clinical characteristics, the WBC 
count was more affected by the baseline CRP level, WBC 
count, and perioperative factors. Clinical utilization of the 
CRP level or WBC count alone for differentiating patients at 
high risk of postoperative complications appears to be insuf-
ficient. On the basis of our study findings, we recommend 
an alternative approach that incorporates out-of-the-box 
thinking by integrating various tests rather than relying on 
static criteria. The stepwise approach proposed here based 
on the concept of establishing an individualized CRP level 
combined with a comprehensive exploration of leukocyte-
related data will improve patient care and ultimately support 
safer and earlier hospital discharge.
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