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Background: Meso-Rex bypass (MRB) surgery is being increasingly used to treat chronic prehepatic portal hypertension sec-
ondary to extrahepatic portal vein thrombosis (EPVT) and cavernous transformation (EPVCT) in children. Rather
than using the internal jugular vein (1JV, the traditional venous graft), we used an autogenous splenic vein seg-
ment graft for MRB.

Material/Methods: We examined 25 children with extrahepatic portal hypertension and a history of recurrent upper gastrointes-
tinal (GI) variceal bleeding despite previous endoscopic sclerotherapy. All patients had melena, splenomegaly,
hypersplenism, or some combination thereof. Left portal vein (LPV) patency was verified in 22 patients using
intraoperative direct portography through the umbilical vein. Partial splenectomy was performed to enable the
harvest of the splenic vein trunk, which was anastomosed between the superior mesenteric vein (SMV) and
the left portal vein (LPV). All patients were followed for 12-48 months (mean=25.6 months) and no patients
were lost to follow-up.

Results: Preoperative Doppler ultrasound (US) imaging indicated that 18/25 patients had adequate intrahepatic portal
veins for shunting, with no blood flow in the LPVs of 7 patients. LPV patency in 22/25 patients was verified us-
ing intraoperative direct portography, with successful MRB. Shunting was converted into a portosystemic shunt
in the remaining 3/25 patients with thrombosed LPVs. A Doppler US evaluation of the vein conduit revealed
excellent postoperative flow. The patients’ mean hemoglobin, platelet, and white blood cell counts increased
significantly, and in all cases the endoscopic status obviously improved after shunting. Occlusion or narrow-
ing occurred in 2/22 patients after discharge. At 12 months (for 1 patient) and 24 months (for 1 patient), the
shunt was converted into a portosystemic shunt. The cumulative graft patency rate was 91% (20/22).

Conclusions: Partial splenectomy and splenic vein autografting in MRB surgery can successfully resolve prehepatic portal hy-
pertension and hypersplenism in children.
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Background

Chronic portal hypertension is frequently observed in children
secondary to extrahepatic portal vein obstruction (EHPVO). It is
most commonly caused by extrahepatic portal vein thrombosis
(EPVT) and cavernous transformation (EPVCT). Furthermore, it
is associated with acute gastrointestinal (GI) hemorrhage from
the esophageal and gastric varices, which can be temporarily
treated using sclerotherapy or variceal banding [1]. A porto-
systemic distal splenorenal shunt (Warren procedure) is usu-
ally indicated for patients who present with recurrent variceal
bleeding (despite endoscopic sclerotherapy), severe hyper-
splenism, or both. Recently, the meso-Rex bypass procedure
(MRB) procedure, in which the portal vein blood is redirected
into the intrahepatic left portal venous circulation, has become
the definitive treatment for pediatric patients with extrahepat-
ic portal hypertension [2-7]. The internal jugular vein (JV) is
the typical venous autograft used in MRB, showing satisfactory
long-term patency and a significantly reduced rate of clinical
complications [8-11]. Alternative graft vessels have included
the inferior mesenteric vein, the autologous great saphenous
vein, the splenic vein, the recanalized umbilical remnant, and
the left gastric vein [1,5,12-15]. In the present study, we suc-
cessfully used a segment of the splenic vein trunk via a partial
splenectomy to bridge the superior mesenteric vein (SMV) and
the left portal vein (LPV) within the Rex recessus (Figure 1).

Material and Methods

The ethics board at the Second Hospital of Shandong University
approved this study and all patients’ guardians provided written
informed consent. Twenty-five children without previous sple-
nectomy (16 boys and 9 girls) aged from 4.5 years to 13 years
(median, 8.3 years) with symptomatic extrahepatic portal hy-
pertension were referred to our unit for surgical treatment be-
tween March 2009 and March 2013. All pediatric patients had
a history of upper Gl bleeding, melena, splenomegaly, severe
hypersplenism, or some combination thereof. We performed a
preoperative Doppler ultrasound (US) evaluation in all patients.
The patients’ demographics, characteristics, and perioperative
data are shown in Table 1. LPV patency was verified with intra-
operative direct portography through the recanalized umbilical
remnant. All patients’ splenic veins were measured preopera-
tively via Doppler US and a complete blood count and upper
Gl endoscopy were performed preoperatively and postopera-
tively. Esophageal varices were graded at endoscopy as grade
3 (large), grade 2 (medium), grade 1 (small), or grade 0 (cher-
ry-red spots) according to Triger’s classifications (Table 2) [16].

Partial splenectomy was performed to enable the harvest of the
splenic vein trunk, which was subsequently anastomosed be-
tween the SMV and LPV. Anticoagulant therapy was routinely
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Figure 1. An autogenous splenic vein is used as a graft to bridge
the umbilical portion of the LPV and the SMV with
the transection of the splenic vein trunk in meso-Rex
bypass.

administered to all patients postoperatively as follows: during
the first 3 postoperative days, an intravenous heparin infusion
(100 1U/kg/d) was administered, followed by oral dipyridamole
(14 mg/kg/d) and acetyl salicylic acid (7 mg/kg/d) for 6 months.
All patients with a meso-Rex shunt were followed postopera-
tively using Doppler US, and certain patients were followed us-
ing low-dose computed tomographic angiography (CTA). All pa-
tients were closely followed after discharge from the hospital.

Operative technique

The biopsy of the hepatic tissue was performed preoperative-
ly. The same surgery was conducted in all patients without
cirrhosis on histopathology. The peritoneum was incised, and
the obliterated umbilical vein remnant in the round ligament
was carefully divided. The umbilical vein was catheterized,
and direct portography revealed the patency of the branch-
es of the intrahepatic portal veins (Figure 2). The liver bridge
between segments Il and IV was divided, and the round lig-
ament was followed into the Rex recessus to expose the LPV.
The termination of the portal vein was carefully isolated and
vascular control was established as previously described [8].
After exposing the spleen and sparing the short gastric ves-
sels, we transected the splenic vein trunk via partial splenec-
tomy, which was treated with heparin salt. The edges were
trimmed for use as a conduit. End-to-end anastomosis was per-
formed first between the graft and the junction of the round
ligament and the LPV. Next, an end-to-side anastomosis was
performed to the SMV using 7-0 continuous Prolene sutures.
At unclamping, hepatopetal flow was observed immediately.
Negative pressure wound therapy (NPWT) was used to prevent
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Table 1. Patient characteristics.

Patient Age i Clinical Follow-up MRB Days in the
(years) symptom (months) (yes/no) hospital
1 13.0 M 40.2 HT, M, S, ) 12 Y 10
"""""" 2 102 M 357  HLMSHSJ 12 Y 12
"""""" 3 94  F 284  HIMsS 24 Y 15
"""""" 4 8 M 26  HLMSJ 24 Y 11
"""""" s 72 M 250  HIMS 24 Y 12
"""""" 6 60 M 238  HIMSHS 3% Y 14
"""""" 7 45 M 200  HLMSHSJ 3% Y 17
"""""" & 13  F 350  HLMS 24 Y 19
"""""" o  s8 F 206  HLMSJ 12 Y 2
10 01 M 304 HT M, S HS,) 2 y 6
o 94 m 76 HT M HS,S % y o 7
2 s2 oom 265 | HT M HS 8 o 18
1 76 0M 230 | HTM,S,) 8 y 6
1 &5 P 23 HT M, S, HS @ y o 1w
15 ss om 205 | HTM, S, HS,) % o 1w
1. 97 P 280 HT M, S, HS @ y o 18
DT 1o P 320 WM, S @ y o 7
s s M 374 HT,M S HS,) Y y 13
19 94 m 280 HTMS @ y o 1w
""""" 20 8  F 245  HWIMSJ) 24 Y 15
""""" 72 F 235  HLMSHS 24 Y 15
""""" 2 60 M 225  HLMSHS 12 Y 13
""""" 3 48 M 26  HLMSHSS N
""""" 24+ 105 M 30  HLMSHS N
""""" 2 s  F 256  HLMSHSJ N
~ Mean 83 222 2256 150
~ Standard- 24 s w7 26
deviation

HT — hematemesis; M — melena; S — splenomegaly; HS — hypersplenism; J — jaundice; MRB — Meso-Rex bypass.

surgical site infections and promote healing processes after postoperatively, and each year thereafter. This technique was
surgery in our series [17,18]. used to assess the shunt patency at the SMV anastomosis,

the shunt, the LPV anastomosis, and the shunt flow velocity.
Doppler US was performed upon completion of the anastomo- Gl endoscopy was performed at 6 and 12 months, then each
ses, and the portal pressure gradient was measured intraoper- year thereafter. Routine blood and biochemical parameters
atively before and after bypass. Postoperative Doppler US ex- were also evaluated at day 7, at 1, 3, 6, and 12 months, and
amination was performed on day 7, at 1, 3, 6, and 12 months each year thereafter.
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Table 2. Endoscopic grades of the esophageal varices.

No. Pre-bypass Post-bypass
1 1l [l
"""""""" 2w
"""""""" s w0
"""""""" s
"""""""" s w0
"""""""" 6 owm
777777777777777 7 IIII
"""""""" & om
"""""""" s w01
""""""" 0o om0
""""""" now e
""""""" Lo w
""""""" 3w o
""""""" @ w e
""""""" 5 e
""""""" 6 e e
""""""" v ow e
""""""" 8 w0
""""""" v w
""""""" 20 wm o1

Statistical analysis

The results are expressed as the mean + standard deviation
and the data were analyzed using Student’s t-tests to deter-
mine the differences between the preoperative and postop-
erative periods. All statistical analyses were performed using
SPSS 13.0 (SPSS Inc., Chicago, IL, USA), and a P-value of <0.05
was considered as statistically significant.

Results

Doppler US revealed thrombosis or cavernous transformation
of the portal vein in all patients. The preoperative Doppler im-
aging results indicated that 18 patients had adequate intra-
hepatic portal veins for shunting, with no blood flow found in
the LPV of 7 patients. LPV patency was verified using intraop-
erative direct portography in 22 patients with successful MRB
using the autogenous splenic vein (Figure 3). The remaining 3
patients had a thrombosed LPV, which was verified using direct
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Figure 2. Intrahepatic angiography in a 12-year-old boy before
shunting through the recanalized umbilical vein (the
white arrow indicates the patency of the LPV).

Figure 3. The thin white arrow indicates the autogenous splenic
vein graft between the umbilical portion of the LPV
and the SMV (thick white arrow) after mesoportal
shunting of the same patient shown in Figure 2.

portography and were converted to a portosystemic shunt. The
preoperative Doppler US failed to confirm the patency of the
intrahepatic LPV in 3 of 25 patients (12%).

Regarding the 22 MRB patients, the average hospital stay was
15 days (range=10-20 days), the median length of the harvested

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]  [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




Wei Z. et al.:
Partial splenectomy and use of splenic vein as an autograft for Meso-Rex bypass
© Med Sci Monit, 2014; 20: 2235-2242

Table 3. Comparison of pre-shunt and post-shunt clinical variables.
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Variables Pre-shunt Post-shunt t P
Mean hemoglobin (10° g/L) 86.2+20.6 126.2+28.1 8.236 0.000
Mean leukooyte count (10°)  s9sl7 gos24 743 0018
Plateletcount 100)  e35:136 1602881 15488 0000
 Umbilical part of LPV blood flow rate (cm/s) - 165134 37876 se7a 0000
intraoperative portal pressure (cm H,0)  345:62 175143 11265 0000

The data are presented as the mean +standard deviation.

Figure 4. Doppler US showing excellent intrahepatic portal flow
through the bypass (white arrow) after mesoportal
shunting in the same patient shown in Figure 2.

splenic vein was 7.5 cm (range=6.0-9.0 cm), and the median
diameter of the graft vein was 0.76 cm (range=0.65-0.85 cm).
The portal pressure gradient was measured intraoperative-
ly, and it decreased from 34.5+6.2 cm H,0 before bypass to
17.5+4.3 cm H,0 after bypass (P<0.01, Table 3). Doppler US
evaluation of the vessels following anastomoses revealed ex-
cellent flow, and postoperative recovery was rapid in 22 pa-
tients. Gl variceal bleeding recurred in 3 patients 1 week post-
operatively. Anticoagulant therapy was discontinued, and Gl
bleeding was treated successfully via endoscopic sclerothera-
py. We followed the patients who underwent MRB for 12-48
months postoperatively.

Long-term patency was achieved in 20 patients as confirmed
by postoperative upper Gl endoscopy. Endoscopic status im-
proved significantly in all patients. Residual varices were sin-
gle, small-, or medium-sized, and pressure decreased (Table 2).
At 12 months postoperatively, the median blood flow through
the mid-graft was 29.3 cm/s (25.6+8.2 cm/s) according to
Doppler US evaluation (Figure 4). Although the LPV and its

This work is licensed under a Creative Commons
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Figure 5. CTA coronal image showing the splenic graft after the
meso-Rex bypass. The splenic graft (thin white arrow)
after meso-Rex bypass was much smaller in diameter
compared with the expanding cavernous portal vein
(thick white arrow). The images are of the same
patient shown in Figure 2.

intrahepatic branches were hypoplastic during the preopera-
tive Doppler US evaluation, the mean blood flow velocity of the
umbilical portion increased from 16.5+3.4 cm/s preoperatively
to 37.847.6 cm/s postoperatively (P<0.05). During the follow-
up period, mean hemoglobin increased from 86.2+20.6x10°
g/L to 126.2428.1x10° g/L (P < 0.01) after shunting. In addi-
tion, mean leukocyte and platelet counts increased dramatical-
ly from 5.9+1.7 to 8.9+2.4x10°/L (P<0.01) and from 63.5+13.6
to 160.2+28.1x10%/L (P<0.01), respectively (Table 3). Some pa-
tients (n=16) underwent follow-up with low-dose computed
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tomography, which revealed that the graft vein had sufficient
flow to the liver following MRB (Figure 5). Occlusion or nar-
rowing occurred in 2 patients at 12 and 24 months (medi-
an=18 months); these patients then received surgical revision
to their portosystemic shunts. The cumulative graft patency in
our study was 91% (20/22).

Discussion

Ville de Goyet et al. originally reported use of MRB to treat por-
tal vein thrombosis after liver transplantation, and it has also
been used to reconstitute portal venous flow to the liver in
these patients [6,7]. This technique is the treatment of choice
for pediatric patients with extrahepatic portal hypertension
caused by EPVT or EPVCT. By restoring normal portal venous
circulation, MRB not only effectively relieves the symptoms of
extrahepatic portal hypertension in children, but also shows
metabolic benefits over portosystemic shunting [19]. The )V
is the autologous graft traditional used in the standard MRBs,
and it has been associated with excellent results for the past
2 decades. However, many reports have mentioned problems
secondary to the thrombosis of the 1)V, or its removal for var-
ious purposes, including use as a graft for all kinds of clinical
resections. In addition, procuring the internal jugular vein is
hazardous for patients who have congenital diseases such as
hydrocephalus, malformation of the skull, Chiari malforma-
tion, and abnormalities of the venous return [8]. For example,
Fuchs et al. reported on 1 patient with negative results regard-
ing harvesting the 1)V, leading to pseudotumor cerebri [20].

Alternative graft veins include the coronary vein, the inferi-
or mesenteric vein, the saphenous vein, and the splenic veins
[1,5,12,14,15]. The shunt also can be achieved through the in-
terposition of a conduit using the recanalized umbilical vein,
or even an artificial graft [13,21]. Chen et al. introduced the
technique of using the proximal splenic vein in a left intrahe-
patic portal bypass (“Spleno-Rex bypass”) 20 years ago [22].
This procedure involved a splenectomy and the complete mo-
bilization of the splenic vein. Chiu et al. previously described
the complete mobilization procedure of the splenic vein for
use as a conduit for draining the portal vein into the Rex re-
cessus [1]. Specifically, this technique was performed in a pa-
tient who had previously undergone a splenectomy at another
hospital and, consequently, did not receive a spleen preser-
vation procedure. Another report addressed the idea of pre-
serving the spleen while using the splenic vein as an inflow;
in that study, the authors used a jugular vein as a conduit in-
terposed between the splenic vein and the Rex recessus [23].

Splenectomies were not typically proposed because the absence
of the spleen could lead to overwhelming infection from encap-
sulated bacteria [24]. Schumacher reported that splenectomy
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could lead to impaired immunoreaction in children [25]. Horton
et al. found that the delayed clearance of bacteria was caused
by the reduced blood flow in rats; when the blood supply was
maintained, even small volumes of splenic tissue resulted in
normal immunologic responses [26].

The current technique applied in our series with partial sple-
nectomy using the splenic vein as a conduit should be consid-
ered a valuable modification of the conventional Rex shunt.
It would be valuable in reduction of portal hypertension and
hypersplenism in pediatric patients. During the follow-up pe-
riod, the patients’ mean hemoglobin, leukocyte, and platelet
counts clearly increased. Only single residual varices or small-
and medium-sized residual varices were observed in patients
during the follow-up period (Table 2). No bleeding recurrence
was noted among the patients, except for the Gl variceal bleed-
ing that recurred in 3 patients during the first postoperative
week. The mean flow in the umbilical portion of the LPV in-
creased from 16.5+3.4 cm/s before bypass to 37.8+7.6 cm/s
(P<0.01) after bypass. A preoperative Doppler US evaluation did
not indicate blood flow in the LPVs of 7 patients. Direct portog-
raphy revealed that the intrahepatic portal veins were appro-
priate for shunting in 4 of these patients, although the vessels
were hypoplastic. We believe that small LPVs result in poor vi-
sualization of blood flow and that direct portography through
the umbilical vein is the criterion standard for assessing the
size and patency of the Rex recessus and LPV. Furthermore,
the thrombosed Rex recessus and the LPV of 3 patients with
a suspected history of neonatal umbilical catheterization were
unsuitable for use after direct inspection [27] and thus under-
went a portosystemic shunting procedure.

Previous studies have described the long-term follow-up results
of mesoportal bypass operations [9,10,15,27,28]. In most stud-
ies, MRB was performed using 1)V grafts. Superina et al. report-
ed an approximate 91% patency rate among patients under-
going classic Rex shunt operation during a follow-up period of
1-7 years [9]. Sharif et al. showed an overall mesoportal pa-
tency rate of 92% in a series of 30 children after a median fol-
low-up period of 8 years [10], and Chin et al. showed an overall
mesoportal patency rate of 84% in a series of 62 children [28].
Alberti et al. found that 53 of 57 (93%) patients were alive at
the final follow-up assessment with controlled bleeding, and
27 of 33 (82%) had a patent conduit [27]. Recently, Luoto et al.
showed an overall mesoportal patency rate of 81% in a series of
21 children who received saphenous vein grafting [15]. Because
2 of our patients with permanent shunt occlusion were convert-
ed to portosystemic shunts, our overall success rate was 91%
(20/22) with a follow-up period of 12-48 months (mean=25.6
months). This result matched those of some series [9,10], but
showed a slightly higher rate than other series [15,27,28]. The
use of a non-absorbable suture with a relatively narrow vein
might have resulted in the stricture of anastomosis observed
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in 2 patients in our series over 2 years. As such, we propose
that such bypasses should be performed using absorbable su-
tures to preserve the potential for the growth of the anasto-
mosis to match the growth of the child.

Using a splenic vein graft, the SMV and LPV were bridged di-
rectly, thereby avoiding the twisting or kinking of the graft in
the transposition of the splenic vein, which can decelerate
blood flow, which might be a risk factor associated with graft
thrombosis. The complete mobilization of the splenic vein with
partial splenectomy for use as a graft was successful in our
patients. The procedure is less invasive than the procurement
of another autologous vein conduit. It simplifies management
and should be considered whenever possible. Splenomegaly
is the most common clinical symptom of prehepatic portal
hypertension, thus improvement would be expected after
MRB in pediatric patients. Sharif et al. reported that although
the spleen size decreased after MRB surgery in all patients,
the normalization of spleen size was seen only in 30% of pa-
tients with median 8-year followup, and secondary increase
of spleen size was observed in 5 children [10]. Therefore, a
partial splenectomy is necessary to avoid splenic venous sta-
sis and left-sided portal hypertension. This management had
positive effects on the problems associated with portal hy-
pertension, including bleeding and hypersplenism, and was
an optimal treatment providing further refinement of the sur-
gical approach for patients with recurrent, symptomatic, pre-
hepatic portal hypertension. However, this event might bring
recurrent episodes of gastrointestinal bleeding. The resection
of the splenic vein might lead to short gastric and gastroepi-
ploic varices revealed at long-term follow-up assessments, be-
cause the venous drainage of the remaining spleen can only
occur through short gastric vessels [29-31]. Miura et al. report-
ed that perigastric varices was found in 7 of 10 patients after
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spleen preservation with splenic vein ligation for more than
52 months, and variceal bleeding was observed in 1 patient
[32]. The flow velocity through the graft increased 2- to 3-fold
those seen intraoperatively during follow-up in our series; in
parallel, the graft clearly grew in diameter, but the diameter
of the splenic vein graft was still inferior to that of a jugular
vein in the same child. This difference might limit blood flow
because the diameter of the splenic vein is inferior to that of
the portal vein in the child and is certainly smaller than that of
an adult portal vein, risking inadequate blood flow over time.
Some experts believe that the IJV remains the best graft for
MRB, because it was close to the diameter of a normal portal
vein trunk, which allowed adequate flow through the bypass
[7,8,10,33]. Third, not all patients have a patent splenic vein.
Orloff et al. mentioned that, according their experience with
the Portal-Systemic Shunt, the splenic vein was not viable in
33% of patients [34]. Therefore, the proposed innovation is
not applicable in all children, in which case an alternative vein
graft is required and can obtain similar results.

Conclusions

Partial splenectomy and native splenic vein graft used in MRB
is a feasible and valuable alternative for children with prehe-
patic portal hypertension. Because of the small sample size
and short follow-up duration in this study, further studies on
use of this surgery are needed.
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