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Abstract
Background The occurrence of bacterial translocation (BT)
to the mesenteric lymph nodes following the Pringle maneuver is well established; however, the incidence of BT to the
portal circulation remains unclear.
Methods Portal blood of patients with suspected hilar malignancy who underwent major hepatobiliary resection with
cholangiojejunostomy was sampled three times during surgery:
immediately after laparotomy (PV-1); before liver transection
and after skeletonization of the hepatoduodenal ligament
(PV-2); and after completion of the liver transection (PV-3).
The samples were analyzed for microbes with a bacteriumspeciﬁc ribosomal RNA-targeted reverse transcriptionpolymerase chain reaction method.
Results Fifty patients were enrolled in the study, with a mean
total Pringle time of 86 min. Microbes in the portal blood were
detected in 11 (22%) of the 50 patients. The occurrence of microbes was not different among the PV-1 samples (8% = 4/50),
PV-2 samples (14% = 7/50), and PV-3 samples (14% = 7/50)
(P = 0.567). Obligate anaerobes were predominantly detected.
The positivity of the PV-3 samples showed no correlation with
the total Pringle time or with the occurrence of postoperative
infectious complications. The total Pringle time did not affect
the surgical outcomes, including infectious complications,
liver failure, or mortality. The concentrations of aspartate aminotransferase and alanine aminotransferase on postoperative
day 1 signiﬁcantly correlated with the total Pringle time.
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Conclusions The intermittent Pringle maneuver is unlikely
to induce BT to the portal circulation and is safe, even in difﬁcult, complicated hepatobiliary resections requiring long
clamping times.
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Introduction
The Pringle maneuver, developed by James Hogarth
Pringle in 1908 [1], is very often used in liver surgery to
minimize bleeding during liver transection. Many authors
have demonstrated that the intermittent Pringle maneuver is
safe and effective when used appropriately [2–5]. However,
this cross-clamping technique blocks the mesenteric venous
drainage and increases the pressure in the microvascular network of the intestine, which may induce bacterial translocation (BT) to the portal vein [6–9]. Positive cultures of portal
blood sampled following the Pringle maneuver have been
reported in experimental studies [8, 9] but not in clinical
studies [10, 11]. Thus, the reality of BT to the portal vein
following the Pringle maneuver remains unclear in humans.
In recent years, bacterial-speciﬁc ribosomal RNA (rRNA)targeted reverse transcription-polymerase chain reaction (RTqPCR) has been widely used to detect bacteria in place of
conventional culture methods for the structural analysis of
intestinal ﬂora [12]. With this method [13, 14], intraoperative
BT during major surgeries has been more precisely and quantitatively investigated [15–17].
The aim of the current study was to evaluate whether the
intermittent Pringle maneuver truly induces BT to the portal
vein (portal bacteremia) using a very sensitive quantitative
detection method, i.e. bacterium-speciﬁc rRNA-targeted
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Patients and methods

adhered to and could not be freed from the tumor during
skeletonization resection of the hepatoduodenal ligament [21].
Bilioenteric continuity was re-established by Roux-en-Y
cholangiojejunostomy, as previously reported [22].

Patients

Sampling of portal blood

This study involved patients with suspected hilar malignancy
who were scheduled to undergo combined liver and extrahepatic bile duct resection with cholangiojejunostomy at the
Nagoya University Hospital. Patients scheduled to undergo
hepatopancreatoduodenectomy were excluded. Written
informed consent for participation was obtained from each
patient before enrollment, and this study was approved by
the Human Research Review Committee of the Nagoya
University Hospital. The protocol was registered in the
University Hospital Medical Information Network (http://
www.umin.ac.jp; registration number ID 000013987).

Portal blood was sampled from the patients three times during
the operation using a 27-gauge ﬁne needle. The ﬁrst blood
sample (PV-1) was taken from the branch of the superior mesenteric vein during the laparotomy before surgical mobilization. The second blood sample (PV-2) was taken from the
skeletonized main portal trunk before liver transection and after skeletonization of the hepatoduodenal ligament. The third
blood sample (PV-3) was taken from the skeletonized main
portal trunk before the preparation for the cholangiojejunal reconstruction and after the completion of the liver transection,
i.e. removal of the tumor. To avoid bacterial contamination
during the sampling of PV-2 and PV-3, the surgical ﬁeld
was completely irrigated with warm saline.

RT-qPCR, and to review the safety of the Pringle maneuver in
difﬁcult clinical settings.

Perioperative patient management
All patients received a regular diet preoperatively, and
none received parenteral or enteral nutritional supplement
before surgery. Pre- and postoperative synbiotic treatment
was used in all patients, as described in our previous reports
[18, 19]. Patients with obstructive jaundice routinely
underwent biliary drainage before surgery. All of the bile
drained externally from the biliary drainage catheter was
replaced orally or via a nasoduodenal tube to maintain the
intestinal integrity, as previously reported [20]. All patients
underwent intestinal preparation with an iso-osmotic solution
(2 L) administered the day before surgery and received
antibiotic prophylaxis as a single intravenous drip 30 min
before the operation.
An 8-F catheter for postoperative enteral feeding was
placed through a jejunal limb during surgery. The enteral feeding began on postoperative day 1 at a rate of 100 kcal/day and
was increased gradually to 400 kcal/day by day 5. Patients usually began oral feeding on day 4 or 5, and enteral feeding was
gradually decreased as oral intake increased. Total parenteral
nutrition was not used, and the central venous catheter inserted
in the operating room was removed 2–4 days after surgery.
Surgery
All hepatectomies were performed once serum total bilirubin concentrations had decreased to < 2 mg/dL. The parenchymal transection was performed using a Cavitron
ultrasonic surgical aspirator under both hepatic artery and
portal vein clamping for 15 or 20 min at 5-min intervals.
All patients underwent regional lymph node dissection.
Vascular resections were performed only when the vessel

Detection of microorganisms
Microorganisms in the portal blood were detected using
sensitive quantitative detection with bacterium-speciﬁc
rRNA-targeted RT-qPCR (Yakult Intestinal Flora Scan); the
details of this method have been described in previous
studies [13–17]. Brieﬂy, 1 ml of blood was added to 2 ml
of RNA protect bacterial reagent (QIAGEN GmbH,
Hilden, Germany) immediately after collection and stored at
–80°C. The blood samples were transported at –20°C to the
Yakult Central Institute for Microbiological Research. Blood
samples were thawed at room temperature, centrifuged at
5000 g at 4°C for 10 min, and the supernatant was carefully
removed. The RNA in the blood was isolated using methods
described elsewhere [12]. Finally, the nucleic acid fraction
was suspended in 100 μL of nuclease-free water (Ambion,
Austin, TX, USA). A standard curve was generated with the
RT-qPCR data using the threshold cycle values for the
dilution series of the standard strains as described elsewhere
[13, 14, 23, 24]. To quantify the bacteria present in the
samples, three serial dilutions of an extracted RNA sample
were used for RT-qPCR. The threshold cycle values in the
linear range of the assay were applied to the standard curve
generated in the same experiment to obtain the corresponding
bacterial cell count in each nucleic acid sample; this cell count
was then converted to the number of bacteria per sample. The
speciﬁcity of the RT-qPCR assay using the group-, genus-, or
species-speciﬁc primers was determined as described previously [13, 14, 23, 24]. Group-, genus-, and species-speciﬁc
primer sets for the predominant pathogenic obligate
anaerobes and facultative anaerobes in the human intestinal
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ﬂora and the pathogenic aerobes in the compromised host
were used for the RT-qPCR assay.
Recording of infectious complications
A detailed daily postoperative course was recorded for up
to 30 days after surgery. Wound infection was deﬁned as
a spontaneous or surgically-released purulent discharge
from the wound with positive cultures. An intra-abdominal
abscess was deﬁned as a purulent discharge with positive
cultures from the abdominal drains placed during surgery
or as ﬂuid collection requiring a drainage procedure
postoperatively. Pneumonia was deﬁned as a characteristic
pulmonary inﬁltrate on a chest radiograph accompanied
by leukocytosis. Blood was obtained for cultures if a
patient developed a fever exceeding 38.5°C at any time
after the operation, independent of the presence or absence
of other infectious sources. For each set of blood cultures,
10 ml of blood was drawn under sterile conditions and
immediately inoculated into separate culture bottles
(Organon Teknika, Durham, NC, USA) for aerobic and
anaerobic cultures. Blood samples were incubated until
bacterial growth was detected or for 7 days. Bacteremia
was diagnosed when a single blood culture grew an isolate
of organisms, unless the isolate was Staphylococcus
epidermidis or coagulase-negative Staphylococcus species,
which were considered contaminating skin ﬂora. In
these instances (i.e. presence of Staphylococcus epidermidis
or coagulase-negative Staphylococcus species), diagnosis
required isolation from two or more blood cultures [25].
Statistical analysis
Statistical analyses were performed using Dr. SPSS II for
Windows Version 11.0.1J (SPSS, Chicago, IL, USA).
Quantitative data are expressed as the means with standard
deviations. The t-test was used to compare parametric data.
Categorical data were compared using the Pearson χ 2 test or
Fisher’s exact test, as appropriate. A P-value of <0.05 was
considered statistically signiﬁcant.

493

81 years); 44 patients had cholangiocarcinoma, three patients
had gallbladder carcinoma, and three patients had other malignancies. Of the 50 patients, 48 (96%) had obstructive jaundice
and were treated with endoscopic nasobiliary drainage
(n = 42), percutaneous transhepatic biliary drainage (n = 5),
or endoscopic biliary stenting (n = 1) [26, 27].
The types of hepatectomy included right trisectionectomy
(n = 3), right hemihepatectomy (n = 13), left trisectionectomy
(n = 18), and left hemihepatectomy (n = 16). All patients
underwent combined en bloc caudate lobectomy. Combined
vascular resection was performed in 15 (30%) patients, including resection of the portal vein only in six patients, resection of the hepatic artery only in two patients, and
simultaneous resection of the portal vein and hepatic artery in
seven patients [21]. The mean operative time in the 50 patients
was 591 ± 104 min (range, 410 to 895 min), blood loss was
979 ± 662 ml (range, 283 to 3334 ml), and the total Pringle time
was 86 ± 26 min (range, 45 to 157 min).
Incidence of portal bacteremia detected by the RT-qPCR
method
Microbes (including obligate anaerobes, facultative anaerobes, and aerobes) in the portal blood were detected by
the RT-qPCR method in 11 (22%) of the 50 study patients
(Table 1). The incidence of microbe detection was not different among PV-1 samples (8% = 4/50), PV-2 samples
(14% = 7/50), and PV-3 samples (14% = 7/50) (P = 0.567).
Four patients (cases 1, 4, 9, and 11) had positive PV-1
or PV-2 samples but negative PV-3 samples. Only two patients (cases 2 and 7) had negative PV-1, negative PV-2,
and positive PV-3 samples. No microbes were detected
with the conventional culture method in any of the PV-1,
PV-2, or PV-3 samples.
Obligate anaerobes, detected in all of the 11 patients, were
predominant. Facultative anaerobic and aerobic microbes
were detected in only three patients. The number of microorganisms detected was very small, fewer than 10 cells/ml in
nine of the 11 patients (Table 1).
Comparison of PV-3 positive and PV-3 negative patients

Results
Demographics of study patients
Between July 2012 and September 2013, a total of 63 consecutive patients underwent combined liver and extrahepatic bile
resection with cholangiojejunostomy. Of these, 13 patients
were excluded due to refusing study enrollment, missing
blood samples, or limited minor hepatectomy. The remaining
50 patients were enrolled in the study, including 30 men and
20 women with a mean age of 69 ± 9 years (range, 40 to

Several pre- and intraoperative factors of patients with (PV-3 positive) and without (PV-3 negative) portal bacteremia following
liver transection were compared. No signiﬁcant between-group
differences were found among these factors (Table 2).
Correlations between portal bacteremia following liver
transection and postoperative infectious complications were
also analyzed. Several types of postoperative infectious
complications were observed in 25 patients. No differences
in the prevalence of infectious complications between the
two groups were found (Table 3).
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Table 1 Types and number of microbes detected in the portal blood
Case 1

Obligate anaerobes
Clostridium coccoides group
Clostridium leptum subgroup
Bacteroides frag xilis group
Biﬁdobacterium
Atopobium cluster
Facultative anaerobes + aerobes
Enterobacteroaceae
Streptococcus
Obligate anaerobes
Clostridium coccoides group
Clostridium leptum subgroup
Bacteroides fragilis group
Biﬁdobacterium
Atopobium cluster
Facultative anaerobes + aerobes
Enterobacteroaceae
Streptococcus
Obligate anaerobes
Clostridium coccoides group
Clostridium leptum subgroup
Bacteroides fragilis group
Biﬁdobacterium
Atopobium cluster
Facultative anaerobes + aerobes
Enterobacteroaceae
Streptococcus

Case 2

Case 3

Case 4

PV-1

PV-2

PV-3

PV-1

PV-2

PV-3

PV-1

PV-2

PV-3

PV-1

PV-2

PV-3

2
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
81
5
–
–

20
53
9
–
–

12
–
6
–
–

38
43
10
–
–

–
–
–
–
–

–
3
–
–
–

–
–
–
–
–

–
–
Case 5

–
–

–
–

–
–
Case 6

–
–

–
–

–
1
Case 7

–
–

–
–

–
–
Case 8

–
–

–
–

2
–
–
–
7

–
–
–
–
–

–
1
–
–
–

–
–
–
–
–

–
1
–
–
2

–
2
–
–
–

–
–
–
–
–

–
–
–
–
–

–
2
–
–
–

–
–
–
–
–

–
1
–
–
–

3
–
–
7
–

–
–
Case 9

–
–

–
–

–
–
–
–
Case 10

–
2

–
–
–
–
Case 11

–
–

–
–

–
–

–
–

–
–
–
–
–

3
–
–
–
8

–
–
–
–
–

1
–
–
–
5

1
–
–
–
9

4
5
–
–
3

–
–
–
–
–

2
–
–
–
–

–
–
–
–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

4
–

–
–

The numerical unit listed in this table is cells/ml.
PV-1 blood sample taken before surgical mobilization, PV-2 blood sample taken before liver transection after skeletonization of the hepatoduodenal
ligament, PV-3 blood sample before the preparation of cholangiojejunal reconstruction after completion of liver transection.

Effect of total Pringle time on postoperative outcome
The effect of the total Pringle time on postoperative outcome
was analyzed. The 50 patients were divided into two groups
according to their Pringle time (i.e. above or below the median
total Pringle time of 81 min). The average Pringle time
was 65 ± 10 min in the short-time group (n = 25) and
107 ± 20 min in the long-time group (n = 25) (Table 4). Operative times were signiﬁcantly longer in the long-time group,
whereas blood loss was similar in the two groups. No
between-group differences in PV-3 positivity were found, as
three (12.0%) patients in the short-time group and four (16.0%)
patients in the long-time group had positive PV-3 samples.
Postoperative outcomes, including infectious complications, liver failure, and mortality, were not different between

the two groups. On day 1, the concentrations of aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
were signiﬁcantly different between the two groups and signiﬁcantly correlated with the total Pringle time (Fig. 1). The
other laboratory data exhibited no between-group differences.
Discussion
The gut is an important organ that serves as a barrier against
living organisms within its lumen; this function is known as
the “gut barrier function”. However, it is well known that
BT occurs during surgical procedures [6–11, 15–17]. We previously studied BT to the mesenteric lymph node with the
same detection method used in the current study in patients
who underwent hepatobiliary resection for biliary malignancy
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Table 2 Comparison between patients with portal bacteremia after
Pringle maneuver (PV-3 positive) and patients without (PV-3 negative)

Preoperative factors
Gender (male/female)
Age (years)
Diabetes mellitus
(present)
Preoperative biliary
drainage (present)
Preoperative portal vein
embolization
ICG-R15 (%)
Estimated extent of
liver resection (%)
Intraoperative factors
Operative time (min)
Blood loss (ml)
Combined vascular
resection (present)
Total Pringle time
(min)

PV-3 positive
(n = 7)

PV-3 negative
(n = 43)

P

3/4
72.1 ± 7.6
1

27 / 16
68.4 ± 9.6
4

0.416
0.329
0.546

6

38

1.000

6

28

0.406

10.2 ± 3.0
48.9 ± 13.1

11.2 ± 5.1
47.3 ± 14.5

0.646
0.787

640 ± 117
1444 ± 1277
2

583 ± 101
903 ± 486
13

0.179
0.308
1.000

85 ± 22

87 ± 27

0.884

ICG-R15 retention rate of indocyanine green 15 min after administration.

[15] or esophagectomy for esophageal cancer [16, 17]; we
found that: (1) BT to the mesenteric lymph node frequently
occurred in these types of major surgeries; (2) obligate anaerobes were predominantly detected; and (3) intraoperative BT
was closely associated with postoperative infectious complications. In addition, we also conﬁrmed no signiﬁcant correlation between BT to the lymph node and total Pringle time in
the previous study [15]. These observations clearly indicate
Table 3 Postoperative infectious complications according to presence
(PV-3 positive) or absence (PV-3 negative) of portal bacteremia after
Pringle maneuver

Postoperative infectious
complications
Intra-abdominal
abscess
Wound infection
Pneumonia
Bacteremiaa
Post-hepatectomy liver
failure (Grade B or C)b
Postoperative hospital
days (days)
Mortality
a
b

PV-3 positive
(n = 7)

PV-3 negative
(n = 43)

P

3 (42.9%)

22 (51.2%)

1.000

3 (42.9%)

16 (37.2%)

1.000

0
0
1 (14.3%)
1 (14.3%)

3 (7.0%)
2 (4.7%)
4 (9.3%)
3 (7.0%)

1.000
1.000
0.546
0.464

38.0 ± 23.2

29.3 ± 15.7

0.211

1 (14.3%)

1 (2.3%)

0.263

Detected by conventional culture method
According to International Study Group of Liver Surgery (ISGLS)

Table 4 Comparison of intra- and postoperative variables according to
total Pringle time
Total Pringle time

P

Short-time group
Less than 81 min

Long-time
group

(≤81 min, n = 25)

(>81 min, n = 25)

Intraoperative variables
Pringle time
65 ± 10
(min)
Operative
548 ± 75
time (min)
Blood loss
948 ± 653
(ml)
3 (12.0%)
PV-3
positivea
Postoperative status
Infectious
11 (44.0%)
complications
(presence)
1 (4.0%)
Liver failure
(Grade B or C)b
Postoperative
27.5 ± 16.0
hospital day
(days)
Mortality
1 (4.0%)
Laboratory data on day 1
Procalcitonin
7.4 ± 5.8
(ng/ml)
WBC (/μl)
9076 ± 2912
CRP (mg/dl)
3.5 ± 1.5
Total
2.7 ± 1.2
bilirubin
(mg/dl)
PT-INR
1.6 ± 0.2
AST (IU/l)
374 ± 175
ALT (IU/l)
282 ± 132

107 ± 20

<0.001

633 ± 113

0.003

1010 ± 683

0.747

4 (16.0%)

1.000

14 (56.0%)

0.396

3 (12.0%)

0.609

33.6 ± 17.6

0.210

1 (4.0%)

1.000

5.1 ± 3.4

0.103

8172 ± 2394
2.9 ± 1.4
2.4 ± 1.2

0.236
0.179
0.404

1.6 ± 0.3
661 ± 387
553 ± 403

0.361
0.002
0.003

a

See Table 2.
According to International Study Group of Liver Surgery (ISGLS)
ALT alanine aminotransferase, AST aspartate aminotransferase, CRP
C-reactive protein, PT-INR prothrombin time-international normalized
ratio, WBC white blood cell count
b

that BT to the lymph node frequently occurs, irrespective of
Pringle maneuver, in major surgery. However, BT to the portal circulation was not investigated.
Although the intermittent Pringle maneuver is widely used in
everyday clinical settings, this procedure may itself promote BT
by inducing mesenteric venous stasis with increasing pressure
in the microvascular network of the intestine. Evidence of
Pringle maneuver-induced BT to the mesenteric lymph node
has been shown in both experimental [6, 8, 9] and clinical
studies [10, 11, 15–17]. To our knowledge, however, BT to
the portal circulation following the Pringle maneuver
has been described only in experimental studies [6, 8, 9].
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Fig. 1 Correlation between the concentrations of aspartate aminotransferase on day 1 and the total Pringle time

Erenogluet al. [8] showed that more than 90% of rabbits had
positive mesenteric lymph node and portal blood cultures after
30 min of portal clamping. In contrast, Ferri et al. [10] who
studied BT in 14 patients who underwent the Pringle maneuver during hepatectomy, reported that positive cultures by
the conventional method were observed in the mesenteric
lymph nodes of six patients (43% = 6/14) but in the portal
blood of none of the patients (0% = 0/14). The current study
showed that the incidence of microbe detection in the portal
blood was low, even though the RT-qPCR method is very sensitive. Furthermore, the incidence of detection was similar before and after the Pringle maneuver, even under difﬁcult
clinical settings. These observations strongly indicate that the
Pringle maneuver is unlikely to induce BT to the portal circulation in humans. Although speculative, the intestinal barrier
function of the portal circulation may be different from that
of the lymphatic channel.
Another important ﬁnding is that portal bacteremia following the Pringle maneuver (PV-3 positive) is not associated with
the incidence of postoperative infectious complications. This
ﬁnding is in strong contrast with ﬁndings of our previous studies [15–17] showing that the occurrence of RT-qPCR-positive
mesenteric lymph nodes following resection is closely associated with the occurrence of infectious complications. This difference may be explained by the following two reasons. First,
portal bacteremia following the Pringle maneuver in the present
study must not have resulted from a true BT, as the incidence of
microbe detection was the same in the PV-2 and PV-3 samples;
the detection of microbes may have occurred by accident for
unknown reasons. In contrast, the occurrence of RT-qPCRpositive mesenteric lymph nodes following resection noted in
previous studies resulted from a true BT. Second, the numbers
of microbes detected in the portal blood were very small (fewer
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than 10 cells/ml in most cases) (Table 1). These numbers were
approximately 1000-fold lower than the numbers of microbes
detected in mesenteric lymph nodes in our previous studies
[15–17]. This observation may explain the large difference in
the ﬂow volume between the portal and lymphatic ﬂows. Nevertheless, we speculate that the low numbers of microbes detected in the current study are explained by the fact that the
detected microbes were trapped in the reticuloendothelial system of the liver and would therefore have had no impact on
postoperative infection.
Positivity of the PV-1 samples in some cases implies that a
small amount of microbes is present in the portal blood. In this
regard, Sato et al. reported interesting observations [28]. They
analyzed peripheral blood samples, with the same detection
method used in the current study, in 50 control volunteers
and 50 patients with type 2 diabetes, and showed that gut bacteria was detected in two (4%) of the control subjects and 14
(28%) of the diabetic patients. Taking these observations into
consideration, BT to the circulation could rarely occur even in
healthy people and often in some disease/condition. A small
amount of microbes may be trapped in the reticuloendotherial
system of the liver and has no impact on clinical course.
The conventional culture method has been shown to underestimate biodiversity [29, 30] because certain groups of bacteria such as obligate anaerobes are difficult to culture or
uncultivable due to the difficulty in maintaining optimal culture
conditions. In contrast, the RT-qPCR method targeting bacterial rRNA can more accurately detect the bacteria that are truly
present in samples. The comprehensive sequencing analysis of
>13,000 16S rRNA gene clones revealed that the human intestinal microbiome is dominated by obligate anaerobes that account for more than 99% of the identiﬁed phylogenetic types
[31]. Our ﬁnding that obligate anaerobes were predominant in
the portal blood is therefore expected. The results of previous
studies showing that facultative and aerobic microorganisms
were predominantly detected by the conventional culture
method [6–11] should be interpreted carefully.
Our results demonstrated that the total Pringle time did not
affect any of the surgical outcomes. The concentrations of
AST and ALT on day 1 were closely associated with
clamping time, which is consistent with results of previous
studies [5]. The total Pringle time in the current study was relatively long, with a mean time of 86 min, indicating that all of
the hepatectomies, which were performed for hilar malignancies, were difﬁcult and complicated. Ishizaki et al. [4] studied
patients in whom the cumulative clamping time during hepatectomy was 90 min or longer and reported that such
prolonged intermittent clamping is safe and useful when the
hepatectomy is difﬁcult; the authors also indicated that such
clamping can be used for cumulative periods exceeding
120 min without intraoperative blood loss or complications.
The current study conﬁrmed the validity of their study [4].
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In conclusion, the intermittent Pringle maneuver is unlikely to induce BT to the portal circulation and is safe, even
for difﬁcult, complicated hepatobiliary resections requiring
long clamping times.
Conﬂict of interest
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