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Abstract

Setting: Laparoscopic sleeve gastrectomy (LSG) is gaining popularity as a bariatric option. Gastric leak (GL)
is the most dreaded septic complication of LSG. Early detection and treatment of this complication may
improve outcomes.

Objectives: This study investigates biomarkers that might be useful to predict GL before its clinical
presentation in patients who underwent LSG.

Patients and Methods: This study, prospective observational, was carried out in 151 patients, who underwent
LSG for morbid obesity between February 2014 and October 2019. Blood samples were collected before
the operation and on post-operative days one, three and five to dose serum C-reactive protein (CRP),
pro-calcitonin (PCT), fibrinogen, white blood cells (WBCs) count and neutrophil-to-lymphocyte ratio (NLR).
Results: GL occurred in 6 patients (3.97%). According to the receiver operating characteristics curve, NLR
detected leak with remarkably higher sensitivity (100%) and specificity (100%) than CRP, fibrinogen, WBC on
all the days and higher than PCT in post-operative days 3 and 5. Moreover, the area under the curve (AUC)
of NLR (AUC = 1) was higher than the AUC of CRP, fibrinogen, WBC on all the days and higher than PCT in
post-operative days 3 and 5, suggesting important statistical significance.

Conclusions: Because NLR and PCT detected GL with remarkably higher sensitivity and specificity than CRP,
fibrinogen and WBC, these two markers seem to be more accurate for the early detection of this complication.

Keywords: C-reactive protein, gastric leak, laparoscopic sleeve gastrectomy, neutrophil-to-lymphocyte
ratio, procalcitonin
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INTRODUCTION weight to undergo a more complex procedure. In recent

Laparoscopic sleeve gastrectomy (LSG) gained a place  tolose weight.

times, LSG taken on importance as a separate procedure
24 Tts major advantages are relative technical

among the surgical bariatric procedures for the treatment simplicity, lack of anastomosis, better reproducibility,

of severe obesity. It was first described by Gagner!! in
superobese patients as an effective way to reach an adequate

shorter operative time, no risk of internal hernia, absence
of dumping syndrome, absence of malabsorption and
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preserved access to the upper gastrointestinal tract.®

However, post-operative complications can be severe and
sometimes fatal. The most frequent complications are
gastric leak (GL) with a rate between 0%” and 7% that
can lead to abdominal sepsis or chronic gastric fistula,'' !
haemotrhage (1.0%—1.2%) and strictures (0.6%0—1.0%).16 %1621
Some of these complications (GL and abscess) are
potentially severe and could also appear after patient’s
discharge. Early detection and treatment of post-operative
complications may improve outcomes. In the last decade,
several studies have demonstrated that some serum
inflammatory markers, especially C-reactive protein (CRP)
and pro-calcitonin (PCT), can effectively detect and/or
predict post-operative infectious complications (PICs) after
abdominal surgery,** mainly after colorectal surgery.**
However, few studies investigated the relationships between
acute-phase parameters and the appearance of a GL after
bariatric surgery.?”’!

The aim of this study, prospective observational, is to
analyse the evolution of serum levels of acute-phase
proteins (CRP, PCT and fibrinogen), white blood
cells (WBCs) count and neutrophil-to-lymphocyte
ratio (NLR) in the first post-operative days after LSG, to
evaluate if they could be useful to predict GL before its
clinical presentation.

PATIENTS AND METHODS

We performed a prospective, single-centre, observational
study in a group of 151 consecutive obese patients, who
underwent LSG in our centre between February 2014 and
October 2019.

In this study, we included patients who met the following
criteria: body mass index (BMI) >40 kg/m?* or 35 kg/m?
with at least one obesity-related comorbidity.

Contraindications to LSG included severe gastro-oesophageal
reflux disease and Barrett’s oesophagus.” Before surgery,
each patient was evaluated and followed for at least
6 months by a multidisciplinary team, including the
psychologist, the endocrinologist, the gastroenterologist
and the nutritionist. Patients were fully informed about the
entire procedure by surgeons and anaesthetists. Informed
consent was obtained from all individual participants
included in the study.

Operative technique
Our operative technique has been previously described.”

All patients were double checked with a methylene
blue test and upper gastrointestinal transit, (X-ray,
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computed tomography scan or by endoscopy), on the
20 post-operative day and if no leakage was detected, a
liquid diet was started. The patients were discharged on the
5% post-operative day after eating mashed food.

The database, used to collect information, included the
following details: gender, age at the time of surgery,
comorbidities, duration of the surgical procedure, eventual
conversion from laparoscopic to open procedure, intra
and early post-operative complications and duration
of hospitalisation. Complications’ severity was graded
according to the Dindo-Clavien classification.!

An intention-to-treat analysis was performed. Patients who
required conversion to open procedure were included in the
analysis. Blood samples were collected the day before the
operation and on post-operative days one, three and five
to dese serum CRP, pro-calcitonin, fibrinogen and WBCs.

Stapling line leak was defined as a leak of contrast material
shown by upper gastrointestinal transit (radiography and/
or computed tomography scan).

Comparison between GL and non-GL groups after LSG
was performed.

Statistical analysis

The characteristics of the study sample were analysed
using descriptive statistics. The discrete and nominal
variables were expressed using frequencies and percentages;
continuous variables were expressed as means and standard
deviations. The Mann—Whitney U-test was performed
for testing differences between groups, according to the
presence or absence of GL.

Receiver operating characteristic (ROC) curve analysis
was performed, and the respective areas under the
curve (AUC) with standard errors and 95% confidence
intervals (Cls) were calculated to evaluate the predictive
value of procalcitonin (PCT) level, CRP level, fibrinogen
level, WBC count and NLR for the diagnosis of GL as
post-operative complication. If the CI did not include the
0.5 value, the parameter had an ability to distinguish between
the two groups (presence or absence of GL). The sensitivity
and specificity of these parameters were calculated. Positive
predictive value (PPV) and negative predictive value (NPV)
were calculated for the specific sensitivity and specificity,
considering the disease prevalence. The maximal Youden
index (sensitivity + specificity — 1) was calculated to establish
cutoff values. A parameter for which the AUC was equal to
0.05 was no predictive of GL; on the contrary, a parameter for
which the AUC was closet to 1 was the most predictive of GL.
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Statistical analyses were carried out using the Stata Statistical
Software: Release 15 (Stata Corp LP, College Station, TX,
USA). All the tests were two tailed, and P < 0.05 was
considered statistically significant.

RESULTS

Among the 151 patients included in the study, 96 (63.58%)
were females and 55 (36.42%) were males, with a mean age
of 45 * 16 years.

In six (3.97%) patients, GL was observed in
post-operative follow-up, while none was detected
during the operation. GL rate was also strongly linked
to the learning curve. In fact, we diagnosed four
leaks in the first 50 cases (8%) and two among the
cases 51-151 (1.9%). The leakage was diagnosed on
post-operative days five (in 1 patient), six (in 2 patients),
eight (in 2 patients) and ten (in 1 patient). Therefore,
83.3% of the GLs occurred between post-operative days
six and ten. Three patients (50%) had been discharged
before diagnosis of leak.

The six GLs were treated by endoscopic placement of
a double pigtail drainage. In two cases (33.3%), GL was
complicated by intra-abdominal abscess. In one case, it
was radiologically drained, while the other one required
laparoscopic surgical toilette and drainage. In terms of
age, gender, BMI, comorbidities, intraoperative blood
loss and operative time, both groups (GL and no GL)
were similar (P = ns), whereas duration of hospitalisation
was significantly longer in the GL group (P < 0.001). The
conversion from laparoscopic to open procedure was
observed but in the absence of GL. These parameters are
given in Table 1.

Thirty-day mortality rate was 0.7% (1 patient in the GL
group), due to a massive pulmonary embolism because of
severe sepsis.

Pre-operative and post-operative day 1 CRP values were
similar in both groups (P = ns). On post-operative days
3 and 5, CRP was significantly higher in patients with
GL (P = 0.020 and P < 0.001, respectively).

PCT levels were significantly higher in post-operative day
1 (P <0.001).

Serum levels of fibrinogen were increased only in
post-operative day 5 in patients with GL (P < 0.001) and
were decreased in patients without leakage. Serum CRP,
PCT and fibrinogen levels are reported in Table 2.

Journal of Minimal Access Surgery | Volume XX | Issue XX | Month 2020

Table 1: Baseline clinical characteristics of the patients
(n=151)

Gastric leak No gastric leak P
(n=6) (n=145)
Age (years)* 46£12 4417 0.188
Gender, n (%)
Female 5(83.33) 91(62.76) 0.870
Male 1(16.67) 54 (37.24)
BMI* 42.48+4.78 40.40+0.57 0.538
Comorbidities, n (%)
Type 2 DM 2(33.33) 6 (32.43) 0.637
Hypertyension 2 (33.33) 38 (34.23) 0.666
Dislypidemia 3(50.00) 7 (51.35) 0.636
Obstructive sleep apnea 3 (50.00) 58 (52.25) 0.619
Intraoperative blood loss 34.11£3.24 33.61£7.16 0.768
(mL)*
Conversion, n (%) / 3(1.99) /
Operative time (min)* 60.22+14.12 58.31£12.57 0.478
Hospital stay (days)* 19.61+10.80 4.52+1.25 <0.001

*Mean=SD. SD: Standard deviation, BMI: body mass index, DM:
Diabetes mellitus

Pre-operative values of WBC and NLR were similar in
GL and no-GL group. In POD 1, WBC count increased
in both groups, being slightly higher in the GL group,
although not reaching statistical significance. WBC count
was significantly higher in the third and fifth post-operative
days in the GL group. NLR was significantly higher in POD
1, 3 and 5 in patients with GL (P < 0.001). Serum WBC
and NLR levels are reported in Table 3.

Using ROC analysis, the mean * standard error of
the area under the curve (AUC) (AUC £ SE) for CRP
levels on post-operative day 1 was 0.550 £ 0.135, 95%
CI = 0.285-0.815, and a cutoff level at 7.24 for predicting
GL achieved 33.33% sensitivity and 98.20% specificity with
PPV of 50.03% and NPV of 96.46% [Table 4 and Figure 1a].

The AUC * SE of PCT levels on post-operative day 1 was
110,95% CI = 1-1, and a PCT cutoff level at 0.55 with
100% sensitivity and 100% specificity with PPV of 100%
and NPV 100% [Table 4 and Figure 1a].

The AUC * SE of fibrinogen levels on post-operative
day 1 was 0.553  0.133, 95% CI = 0.291-0.814, and a
fibrinogen cutoff level at 402 with 33.33% sensitivity
and 99.10% specificity with PPV of 66.69% and NPV of
96.49% [Table 4 and Figure 1a].

The AUC £ SE of WBC count on post-operative day 1
was 0.652 + 0.1606, 95% CI = 0.325-0.978, and a cutoff
level at 11.84 cell/mm’ for predicting GL achieved 66.67%
sensitivity and 81.98% specificity with PPV of 16.67%
and NPV of 97.85% [Table 4 and Figure 1a], whereas
the AUC * SE of the NLR was 1 * 0, 95% CI = 1-1,
and a cutoff level at 2.74 achieved 100% sensitivity
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Table 2: Mean values of serum c-reactive protein, pro-calcitonin and fibrinogen between the two groups (absence or presence

of gastric leak)

Time Total (n=151) Gastric leak P*
Absent (n=145) Present (n=6)
CRP
Preoperative, mean+SD 1.14+0.67 1.14+0.69 1.17+0.31 0.443
1 day after, mean+SD 4.14£1.43 4.11£1.39 4.72%2.10 0.679
3 days after, mean+SD 5.37+2.22 5.24+2.08 7.85+3.39 0.020
5 days after, mean+SD 4.54+3.55 3.95+1.57 15.28+9.61 <0.001
PCT
Preoperative, mean+SD 0.04+0.02 0.04+0.02 0.03+0.01 0.335
1 day after, mean+SD 0.20+0.64 0.07+0.03 2.61+1.44 <0.001
3 days after, mean+SD 0.44+1.79 0.09+0.17 6.92+4.53 <0.001
5 days after, mean+SD 0.49+2.23 0.07+0.13 8.366.03 <0.001
Fibrinogen
Preoperative, mean+SD 344.27+54.10 343.37+55.06 361.00£29.39 0.380
1 day after, mean+SD 399.57+£54.32 399.48+55.12 401.33£40.09 0.757
3 days after, mean+SD 416.30£90.86 413.11£90.81 475.17+75.55 0.104
5 days after, mean+SD 388.66+97.56 374.87+72.11 643.67+155.51 <0.001

*Wilcoxon rank-sum (Mann—-Whitney) test. CRP: C-Reactive protein; PCT: Pro-calcitonin, SD: Standard deviation

Table 3: Mean values of white blood cells count and
neutrophil-to-lymphocyte ratio between the two groups
(absence or presence of gastric leak)

Time Total Gastric leak P*
(n=151) Absent Present
(n=145) (n=6)
WBC

Preoperative, mean+tSD 8.37£1.39 8.36x1.39 8.51+x1.51 0.795
1 day after, mean+SD  10.41+1.39 10.36+1.30 11.44+2.48 0.161
3 days after, mean+SD  9.53+1.41 9.39+1.11 12.10£3.22 0.014
5 days after, mean+SD 8.81+1.33 8.66+0.94 11.40+3.63 0.031
NLR
Preoperative, mean+SD 1.83+0.20
1 day after, mean+SD  2.06+0.45
3 days after, mean+SD  2.03+0.56 1.91+x0.20 4.14+0.90 <0.001
5 days after, mean+SD 2.01+0.85 1.83+0.15 5.37+1.47 <0.001

*Wilcoxon rank-sum (Mann—Whitney) test. WBC count: White blood
cells count; NLR: Neutrophil-to-lymphocyte ratio, SD: Standard
deviation

1.84+0.20 1.74£0.09 0.276
1.98+0.29 3.44+0.64 <0.001

and 100% specificity with PPV of 100% and NPV of
100% [Table 4 and Figure 1a].

The AUC * SE of CRP levels on post-operative day 3 was
0.984 £ 0.016, 95% CI = 0.951-1, and a cutoff level at 7.33
achieved 100% sensitivity and 90.09% specificity with PPV
of 35.30% and NPV of 100% [Table 4 and Figure 1b].

The AUC £ SE of PCT levels on post-operative
day 3 was 0.996 * 0.005, 95% CI = 0.985-1, and
a cutoff level at 0.14 with 83.33% sensitivity and
99.10% specificity with PPV of 83.35% and NPV of
99.10% |Table 4 and Figure 1b].

The AUC £ SE of fibrinogen levels on post-operative
day 3 was 0.985 £ 0.015, 95% CI = 0.956-1, and
a cutoff level at 388 with 100% sensitivity and
90.99% specificity with PPV of 37.51% and NPV of
100% [Table 4 and Figure 1b].

4

The AUC £ SE of WBC count on post-operative day
3 was 0.984 + 0.016, 95% CI = 0.951-1, and a cutoff
level at 10.18 cell/mm’ for predicting GL achieved 100%
sensitivity and 89.19% specificity with PPV of 33.34%
and NPV of 100% [Table 4 and Figure 1b], whereas
the AUC * SE of the NLR was 1 £ 0, 95% CI = 1-1,
and a cutoff level at 3.22 achieved 100% sensitivity
and 100% specificity with PPV of 100% and NPV of
100% [Table 4 and Figure 1b].

The AUC * SE of CRP levels on post-operative day 5 was
0.966 £ 0.033, 95% CI = 0.901-1, and a cutoff level at
5.59 achieved 83.33% sensitivity and 100% specificity with
PPV of 100% and NPV of 99.11% [Table 4 and Figure 1c].

The AUC £ SE of PCT levels on post-operative day 5
was 0.967 £ 0.031, 95% CI = 0.905—1, and a cutoff level
at 1.64 with 83.33% sensitivity and 100% specificity with
PPV of 100% and NPV of 99.11% [Table 4 and Figure 1c].

The AUC * SE of fibrinogen levels on post-operative day
5was 0.957 £ 0.041, 95% CI = 0.876—1, and a cutoff level
at 529 with 83.33% sensitivity and 100% specificity with
PPV of 100% and NPV of 99.11% [Table 4 and Figure 1c].

The AUC = SE of WBC count on post-operative
day 5 was 0.949 = 0.048, 95% CI = 0.856-1, and a
cutoff level at 6.57 cell/mm’® with 83.33% sensitivity
and 100% specificity with PPV of 100% and NPV of
99.11% [Table 4 and Figure 1c|, whereas the AUC £ SE
of the NLR was 1 + 0, 95% CI = 1-1, and a cutoff
level at 3.64 for predicting GL achieved 100% sensitivity
and 100% specificity with PPV of 100% and NPV of
100% [Table 4 and Figure 1c].
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Figure 1: ROC curve on POD 1 (a), 3 (b) and 5 (c). ROC: Receiver
operative carachteristics. PCT: Procalcitonin. CRP: C reactive protein.
WBC: White blood cells. NLR: Neuthrophil-to-lymphocyte ratio.
POD: Post-operative day

Three patients (1.99%0) required conversion from laparoscopic
to open procedure, two out of the first 50 cases (4%) of the
seties, and one among cases 51-151 (0.99%). The following
conditions required conversion to laparotomy: Technical
difficulties with fundus dissection due to peri-oesophagitis;
prepiloric lesion during greater curvature dissection;

Journal of Minimal Access Surgery | Volume XX | Issue XX | Month 2020

haemorrhage for lesion of short gastric vessels. In none of
these cases GL was observed.

DISCUSSION

After LSG, the leakage of the suture line lead to increased
mortality, morbidity and hospital stay.”*** Its rate after LSG
is 0%—7%."!" In our study, this rate was 3.97% (6/151).

The diagnosis of GL is still based on clinical signs (pain,
fever and tachycardia), laboratory findings (leucocytosis),
methylene blue test (appearance of methylene
blue dye through drain), and upper gastrointestinal
transit (radiography and CT scan). This conventional
attitude may cause important delays in diagnosis,”’*! even
because the initial clinical manifestations ate very subtle.*"!
Aurora et al." in their systematic analysis of 4,888 patients,
affirmed that 50% of GLs occur after post-operative day
10. In our study, 83.3% of the GLs occurred between
post-operative days six and ten. Therefore, an effective
indicator could aid in the early diagnosis of the leakage
before that clinical signs appear. Several biochemical tests
are used to identify inflammatory activity in post-operative
patients, including dosage of PCT, CRP and fibrinogen.

Recent studies in surgical patients have also shown that
after orthopaedic, cardiac and thoracic surgery, PCT was
better for detecting post-operative infections than CRPF™
After LSG, Kassir e/ /. showed that a mean post-operative
PCT was 0.062 ng/mL in uncomplicated patients versus
0.108 ng/mL in those with complications (P = 0.0006) and
concluded that PCT measured during the post-operative
period were correlated with the occurrence of post-operative
complications.”” Mufioz ¢ al. concluded that PCT levels in
the first day and especially in the second day post-operative
can predict septic complications after LSG.? In our study,
serum PCT values were increased in the GL group on
post-operative day 1, 3 and 5. The AUC of PCT levels
on post-operative day 1 was 1, with 100% sensitivity and
100% specificity.

Several studies have found that CRP is a useful predictor
of septic complications following colorectal and
oesophagogastric resection.* After LSG, early rise of
serum CRP before clinical and radiological presentation of
leakage was shown in the literature, which might lead to eatly
diagnosis and reduction of morbidity and mortality.”*
Increased serum CRP levels after operation decrease versus
normal levels at the third post-operative day. A CRP level
that remains elevated (>125 mg/L) at the post-operative
day 3 should be an indication for CT scan to look for
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Table 4: Results of receiver operating characteristic analysis showing the predictive value of c-reactive protein, procalcitonin,
fibrinogen, white blood cell and neutrophil-to-lymphocyte ratio for absence/presence of gastric leak after laparoscopic sleeve

gastrectomy

AUC 95% CI SE Cutoff value  Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CRP
Preoperative 0.631 0.468-0.795 0.083 0.7 100 41.44 8.45 100
1 day after 0.550 0.285-0.815 0.135 7.24 33.33 98.20 50.03 96.46
3 days after 0.984 0.951-1 0.016 7.33 100 90.09 35.30 100
5 days after 0.966 0.901-1 0.033 5.59 83.33 100 100 99.11
PCT
Preoperative 0.615 0.453-0.777 0.083 0.04 100 34.23 7.60 100
1 day after 1 1-1 0 0.55 100 100 100 100
3 days after 0.996 0.985-1 0.005 0.14 83.33 99.10 83.35 99.10
5 days after 0.967 0.905-1 0.031 1.64 83.33 100 100 99.11
Fibrinogen
Preoperative 0.664 0.503-0.824 0.082 328 100 38.74 8.1 100
1 day after 0.553 0.291-0.814 0.133 402 33.33 99.10 66.69 96.49
3 days after 0.985 0.956-1 0.015 388 100 90.99 37.51 100
5 days after 0.957 0.876-1 0.041 529 83.33 100 100 99.11
WBC
Preoperative 0.665 0.486-0.844 0.091 6.5 100 34.23 7.60 100
1 day after 0.652 0.325-0.978 0.166 11.84 66.67 81.98 16.67 97.85
3 days after 0.984 0.951-1 0.016 10.18 100 89.19 33.34 100
5 days after 0.949 0.856-1 0.048 6.57 83.33 100 100 99.11
NLR
Preoperative 0.724 0.567-0.881 0.080 1.74 83.33 73.87 14.71 98.79
1 day after 1 1-1 0 2.74 100 100 100 100
3 days after 1 1-1 0 3.22 100 100 100 100
5 days after 1 1-1 0 3.64 100 100 100 100

AUC: Area under the curve, CI: Confidence interval, SE: Standard error. PPV: Positive predictive value. NPV: Negative predictive value, WBC: White
blood cells; NLR: Neutrophil-to-lymphocyte ratio, PCT: Procalcitonin, CRP: C-reactive protein

sepsis.l”* After LSG, Albanopoulos ¢f al. demonstrated
that on day 3, the sensitivity and specificity of CRP reached
100% and on day 5, CRP achieved 83.2% sensitivity and
100% specificity.” Kassir e/ al® reported that mean
CRP was 61.3 mg/L in patient without complications
and 161.3 mg/L in case of complications (P = 0.0233),
and affirmed that it do not provide any predictive benefit,
because the average was elevated in few spuriously high
numbers, ‘but when the test was applied on an individual
basis it is no longer predictive of a complication’.

In our study, on post-operative day 1 the CRP level
achieved 33.33% sensitivity, and 98.20% specificity,
whereas a PCT level achieved 100% sensitivity and 100%
specificity. Moreover, the AUC of the PCT level was 1,
remarkably higher than the AUC of the CRP level (0.5503).
On post-operative day 3 and 5, the AUC, sensitivity and
specificity of PCT and CRP were similar.

Fibrinogen is a 350-KDa glycoprotein, synthesised mainly
by the liver.*"l After converted to insoluble fibrin by
activated thrombin, fibrinogen plays an important role
in regulating blood clotting. Moreover, fibrinogen is a
pro-inflammatory protein produced in response to elevated
serum cytokines (IL-6 and I1.-1B) and CRP levels***l and
usually acts as an acute-phase protein, and its level increases
in response to wound healing, infection and inflammation.P"!

6

In the current study, we observed a slight increase
of fibrinogen levels in most cases, and patients with
GL showed significantly higher levels only at fifth
post-operative day and on post-operative day 1, 3 and 5
sensitivity, specificity and AUC were remarkably lower
than the sensitivity, specificity and AUC of PCT and CRP.

Traditionally, the WBCs count has been used as a monitor for
post-operative infectious complications; however, according
to some recent studies, the value of WBC count in this
scenario might be ovetestimated.”**"*#'*% In our study, WBC
countincreased in both groups on post-operative day 1, being
slightly higher in the GL group, but not reaching statistical
significance. In the first post-operative day, the AUC was only
0.652, with sensitivity of 66.67% and specificity of 81.98%.
Therefore, measurements of WBC count contribute a little
to the early detection of GL complication.

Mufioz et al.? in a prospective study evaluated the efficacy
of various acute-phase parameters determined 24 and
48 h after LSG for predicting septic complications in the
post-operative course within an Enhanced Recovery After
Surgery Program. They found that the areas under the
curve (AUC) of CRP and PCT levels was 1.00, remarkably
higher than the AUC of the WBC (0.858) or fibrinogen
level (0.779). These results are in line with outs.
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A novel inflammatory marker derived from the WBC count,
the NLR, is becoming increasingly used with promising
results in this context.”** NLR is a ratio of absolute count of
neutrophils to the absolute count of lymphocytes. Neutrophil
play an important role in the acute inflammatory response to
tissue injury.”” Lymphocytopenia after a major surgery is related
to cortisol production and neuroendoctine stress.”” Thus,
NLR, as a ratio of neutrophil to lymphocyte count, represents
the two inversely related immune pathways: One representing
unrestrained inflammation and the other latent immune pathway.

Medina Fernandez ez a/>? affirm that this parameter shows
a parallel evaluation to CRP in patients with post-operative
infectious complications (PICs), and values of NLR
persistently >7-8 should be considered suspicious for
PICs, since post-operative values in uncomplicated patients
remain around 5.

In our study at the first, third and fifth post-operative
days, values of NLR were significantly increased in the GL
group. On post-operative day 1, 3 and 5 sensitivity (100%),
specificity (100%) and AUC (1) were higher than the
sensitivity, specificity and AUC of CRP, WBC and
fibrinogen. The AUC, sensitivity and specificity were
also higher than AUC, sensitivity and specificity of PCT
in third and fifth post-operative days, while in the first
post-operative day the values were comparable. Therefore,
the high sensitivity (100%) and specificity (100%) and
AUC (1) of the NLR and PCT recorded in the first
post-operative day may facilitate the early detection of
GL complication. Finally, it must be considered that CRP,
fibrinogen and WBC had in PO. days 1 and 3 a high NPV
but a low PPV [Table 4], while PCT and NLR had in P.O.
days 1 and 3 a high value of both NPV and PPV. The value
for NLR was even higher (100%) [Table 4.

However, our study, being a preliminary study, has, obviously,
some limitations: The small sample size and the collection of
data in a single centre only are the most important limitations
which restricts the statistical power of our analysis and since
it may influence the evaluation of the calibration of the
biomarker of infection. Moreover, a higher lead time bias
between the onset of GL and the calculation of levels of
serum biomarker may also contribute to the performance
of predictive benefit. Therefore, although these findings are
interesting, they need verification in a larger sample. More
studies are needed to evaluate NLR as an accurate and early
predictor of GL. Moreover, the next studies need to be
designed in a more detailed and robust way.

However, as for as we are aware, this is the first
prospective study that evaluates the NLR, together
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with PCT, CRP, fibrinogen and WBC, in patients who
underwent LSG.

CONCLUSIONS

Because of the severity of the complications
(intra-abdominal abscess, generalised peritonitis)
associated with a GL after LSG, it is imperative to
identify the problem and act as early as possible.
Clinical signs (pain, fever, tachycardia), laboratory
findings (leucocytosis), methylene blue test and upper
gastrointestinal transit (radiography, CT scan), may cause
important delays in diagnosis. Elevated levels of serum
PCT, CRP, fibrinogen, WBC and NLR at post-operative
days, could be a help for the early detection of GL
after LSG. Because NLR and PCT detected GL with
remarkably higher sensitivity and specificity than CRP,
fibrinogen and WBC, these two markers seem to be more
accurate for the early detection of this complication.

In the light of this study, the protocol for our patients is

as follows:

a. Patients without clinical symptoms (no pain, no
fever, no tachycardia), with normal WBC count
(4.8-10.8 migl/mmc), normal CRP (<0.5 mg/L),
normal fibrinogen (200-400 mg/dL), normal
PCT (<0.5 mg/dL) and normal NLR (2.11-1.55) are
discharged on post-operative day 3 without undergo
upper gastrointestinal transit test

b. Patients with high values of NLR and/or PCT
on post-operative day 1 and/or 3, undergo upper
gastrointestinal transit test, also without clinical signs.
If a GL is reported, we manage it with endoscopic
placement of a double pigtail drainage. If no leak
is reported, if these inflammatory markers are still
high, another radiographic test is performed in
post-operative day 5 or 6. If this control is still negative,
the patient is discharged and followed with outpatient
checks. Otherwise, if markers return to normal, the
patient is discharged without controls.
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