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Abstract

Background

Despite the improvements in patient care, understanding of surgical anatomy of liver and surgical techniques,
liver resection is a high-risk procedure specifically in infants and neonates; whose blood volume is limited
(80ml/kg). This report shares the experience of hepatic resection with “Rubber tourniquet technique” in
patients less than 6-months of age.

Methods

Hepatic resection in a 4-month-old pair of Conjoined twins with shared liver and a 3-day old baby with large
Congenital Hepatoblastoma was performed using Penrose rubber drain as a tourniquet around the liver

parenchyma to reduce blood loss.

Results

Blood loss was minimal (< 20CC) and all the three babies survived the procedure without complications.

Conclusion

Rubber tourniquet technique is simple, safe and cost-eftective for liver resections in neonates and infants with
hepatic lesions and separation of conjoined twins with shared liver and it can easily be employed in resource

constraint settings.
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Hepatic resections is a high-risk procedure performed in pediatric surgery practice for tumors e.g.
hepatoblastoma, trauma and rarely in separation of conjoined twins [1], [2]. Understanding of anatomy of liver,
improvement in anesthesia, intensive care and surgical techniques exploiting technological advances e.g.
Cavitron ultrasonic aspirator, water jet dissector etc., has helped to perform liver resections with low morbidity
and mortality [3], [4], [5]. However, a recent Cochrane review suggest that these high-tech utilities do not seems
to have reduced intraoperative bleeding when compared to the time tested clamp-crush technique [6].
Moreover, these devices may not be accessible to surgeons working in low- and mid-income countries, where
hepatic resections in children (both anatomical and non-anatomical) continues to be a challenge and carries a
high morbidity and mortality and such procedures are often refused. In such situations, the Pledgetted

suturing and Cotton Tourniquet techniques as reported by Sandler et al. and Yang et al. seems to be promising

[7], 18l

Purpose of this report is to share the experience of hepatic resection in three patients less than 6-months of

age using Rubber tourniquet technique.

1. Case 1

A 3-day-old baby was transfer to Neonatal Intensive Care unit (NICU) with abdominal distension. He was born
to a primigravida after a full-term pregnancy and delivery. A pre-natal ultrasound scan (US) at 34 weeks
revealed a complex upper-abdominal mass. Hemoglobin and Hematocrit was 14.3 g/dl and 44.3 respectively.
Platelets, differential leucocyte count (DLC), PT, APTT, INR, C-Reactive Proteins (CRP) levels, serum
electrolytes, creatinine and liver function tests including serum bilirubin were normal for the age. Alpha-
Fetoproteins (2.4 million U/ml) were very high for the age [9]. Examination revealed a large abdominal mass
occupying 2/3 of abdomen (Fig. 1). An US and Doppler scan revealed a hyperechoic and vascular mass arising
from Liver. A contrast enhanced CT scan of chest and abdomen revealed normal lungs and a 10x8 cm solid
mass with cystic areas arising from segment II and III of left lobe of liver (Fig. 1). On third day of admission,
hemoglobin dropped to 8.5g/dl and he required transfusion of blood products and elective ventilation due to
progressive abdominal distension and respiratory distress. With diagnosis of hemorrhage in liver tumor
(Hepatoblastoma), baby was moved to operating room. Abdomen exploration through supraumbilical
transverse incision revealed 10 x 8cm pedunculated vascular tumor originating form II and III segments of left
lobe (Fig. 2). The liver was mobilized by division of falciform, left triangular and coronary ligaments from its
bed and an 18”X 0.25” Penrose rubber drain® (Bard Medical Division, Covington30014, GA) was passed around the
liver pushing it as close as possible to inferior vena cava and tied gently about 2.0 cm from the tumor margin
(Fig. 2). Tying a knot to the drain, slight lateral traction, and notch between right and left anatomical lobes
helped to keep the drain in place. The liver was divided with Bipolar diathermy (Velleylab, Boulder, CO, US).
Large vessels and ducts were suture ligated with 5/0 Vicryl® and liver surface with sprayed with Fibrin glue
(Tisseel, Baxter Corporation, Ontario, Canada) to ensure hemostasis. Blood loss was less than 20 CC. Post-operative
recovery was uneventful, and histology revealed fetal variety of Hepatoblastoma. Resection margins were tumor
free and alpha-fetoprotein level dropped to normal for the age within a month. Chemotherapy was proposed
but it was refused by the family. Patient is on monthly follow up (clinical examination, US of liver, and alpha-
fetoproteins levels). At 6-months of age, patient is thriving, alpha fetoproteins are within normal range and a

recent CT scan of chest and abdomen did showed evidence of recurrence or metastasis.
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Fig. 1. A) Abdominal distension in 3-day old with; B) Hepatoblastoma involving segment II and III of
liver.

Download high-res image (267KB) Download full-size image

Fig. 2. A) Illustration showing “Rubber Tourniquet Technique”- P, Penrose drain as tourniquet around
the left lobe of liver, T, Transection line, (TU) Tumor, B) Resected Hepatoblastoma.

2. Case 2
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d@nth @g@%’ﬁ?égentatﬁm Cmbikeé@SHkight was 9.1 kg and one twin had Tetralogy of Fallot (Pink TOF).
Fusion extended from lower chest to umbilicus. Preoperative imaging revealed a common pericardium with
two independent hearts and no flow of contrast across the midline (Fig. 3). Right and left lobes of livers were
fused but there were two independent set of biliary, gastrointestinal and genitourinary tracts. Liver fusion was
5cm long and 4.5 cm thick. Guided by contrast enhanced CT scan and intraoperative findings, transection line
was marked between the two gallbladders and bile ducts. Two 18”x0.25” Penrose drains® (Bard Medical Division,
Covington30014, GA) passed and knotted around the fused liver; 2 cm lateral to the marked transection line (Fig.
3). We preferred rubber drain over cotton straps as these are readily available in operating in sterilized packing,
stretchable, easy to secure and pressure on the liver can be regulate according to its texture. The liver was
transacted with Bipolar diathermy (Velleylab, Boulder, CO, US). Large blood vessels and bile ducts were suture
ligated with 5/0 vicryl® (Ethicon). Using this maneuver, we were able to transect the liver with minimal blood
loss (< 20CC). The raw area of the livers was sprayed with fibrin glue to ensure hemostasis (Tisseel, Baxter
Corporation, Ontario, Canada). Both babies were discharged from hospital on 14th postoperative day. Twin with
Pink TOF had the anomaly corrected after a year of separation. Currently both the twins are living
independently without any substantial medical support, go to school and maintain normal growth parameters

on more than 4years of regular follow up.

Download high-res image (179KB) Download full-size image

Fig. 3. A) Contrast enhanced CT Scan showing extent of fusion including shared liver, B) Illustration
showing Penrose drains P1 and P 2 as tourniquets around the fused liver(L) and transection line(T)
between the Gallbladders (GB).

3. Discussion

Hepatoblastoma is a common malignant liver tumor in children and most cases are reported between 2 and
5years of age [1], [10]. It is rare in first three month of life and is classified as Congenital Hepatoblastoma. Less
than 60 cases are reported in literature [11]. Contrary to previous belief'it is suggested that these patients
should be managed like other patients with hepatoblastoma with surgery and chemotherapy [12]. Similarly,
Conjoined twins are rare (Reported incidence 1:250,000) but cases are frequently highlighted in literature,

social and electronic media [2].
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ﬁﬁths@ RRwile3drgicabehfllengds @8 éxcessive hemorrhage and hypovolemic shock can occur due to
limited blood volume (80ml/kg) [7]. Moreover, at this age liver is fragile, thin Glisson's capsule may not endure
suturing and is prone to ischemia—reperfusion injury with its associated hemodynamic and metabolic
consequences even after a brief total hepatic vascular isolation [13]. In such a situation, pledgetted suturing and
cotton tourniquet techniques are promising, as these can be applied promptly to control inter-operative
bleeding in selected cases of hepatic tumors in children and in emergency e.g. raptured liver tumors and
trauma. We consider the technique, a modification of above-mentioned techniques and liver hanging
maneuver reported by Belghiti et al. [14], [15] It is simple, effective and easily reproducible to control

hemorrhage during hepatic resections in resource limited settings. Penrose drains®

are easily available in most
operating rooms, pressure can be adjusted without fracturing the fragile livers of young patient, keep surgeon
oriented to marked level of resection and it allows enough time to employ other methods of hemostasis e.g.
fibrin glue, bipolar diathermy coagulation and suture ligation of large vessels. However, it is applicable to a

selected group of patients as drain can slip off if the resection margin is too close to the drain.

In conclusion, a simple, safe and cost-effective method of liver resection is reported which can be utilized in
selected cases of hepatic lesion in neonates, infants and children, and separation of conjoined twins with

shared liver. It can easily be employed in resource constraint settings to advance global surgery agenda.

Recommended articles Citing articles (0)

References

1] M.D. Stringer, S. Hennayake, E.R. Howard, et al.
Improved outcome for children with hepatoblastoma
BrJ Surg, 82 (1995), pp. 386-391

CrossRef  View Record in Scopus ~ Google Scholar

2] L. Spitz, E.M. Kiely
Experience in the management of conjoined twins
Br J Surg, 89 (2002), pp. 1188-1192, 10.1046/j.1365-2168.2002.02193.x

CrossRef  View Record in Scopus ~ Google Scholar

3] P. Majno, G. Mentha, C. Toso, et al.
Anatomy of the liver: an outline with three levels of complexity - a further step towards tailored
territorial liver resections
] Hepatol (2014), 10.1016/j.jhep.2013.10.026
Google Scholar

[4] R.J. Aragon, N.L. Solomon
Techniques of hepatic resection
J Gastrointest Oncol (2012), 10.3978/j.iss1n.2078-6891.2012.006
Google Scholar

[5] H. Imamura, Y. Seyama, N. Kokudo, et al.
One thousand fifty-six hepatectomies without mortality in 8 years
Arch Surg (2003), 10.1001/archsurg.138.11.1198

https://www.sciencedirect.com/science/article/pii/S002234681830678X

Rubber tourniquet technique: A simple, safe, and cost-effective method of hepatic resection in neonates and infants - ScienceDirect

5/7


https://www.sciencedirect.com/topics/medicine-and-dentistry/hemorrhagic-shock
https://www.sciencedirect.com/topics/medicine-and-dentistry/suturing
https://www.sciencedirect.com/topics/medicine-and-dentistry/reperfusion-injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/hemodynamics
https://www.sciencedirect.com/topics/medicine-and-dentistry/liver-injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/hepatectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/operating-room
https://www.sciencedirect.com/topics/medicine-and-dentistry/blood-stasis
https://www.sciencedirect.com/topics/medicine-and-dentistry/fibrin-glue
https://www.sciencedirect.com/topics/medicine-and-dentistry/diathermy
https://www.sciencedirect.com/topics/medicine-and-dentistry/ligation
https://www.sciencedirect.com/topics/medicine-and-dentistry/surgical-margin
https://doi.org/10.1002/bjs.1800820334
https://www.scopus.com/inward/record.url?eid=2-s2.0-0028907134&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Improved%20outcome%20for%20children%20with%20hepatoblastoma&publication_year=1995&author=M.D.%20Stringer&author=S.%20Hennayake&author=E.R.%20Howard
https://doi.org/10.1046/j.1365-2168.2002.02193.x
https://doi.org/10.1046/j.1365-2168.2002.02193.x
https://www.scopus.com/inward/record.url?eid=2-s2.0-0036360719&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Experience%20in%20the%20management%20of%20conjoined%20twins&publication_year=2002&author=L.%20Spitz&author=E.M.%20Kiely
https://doi.org/10.1016/j.jhep.2013.10.026
https://scholar.google.com/scholar_lookup?title=Anatomy%20of%20the%20liver%3A%20an%20outline%20with%20three%20levels%20of%20complexity%20-%20a%20further%20step%20towards%20tailored%20territorial%20liver%20resections&publication_year=2014&author=P.%20Majno&author=G.%20Mentha&author=C.%20Toso
https://doi.org/10.3978/j.issn.2078-6891.2012.006
https://scholar.google.com/scholar_lookup?title=Techniques%20of%20hepatic%20resection&publication_year=2012&author=R.J.%20Aragon&author=N.L.%20Solomon
https://doi.org/10.1001/archsurg.138.11.1198
https://www.sciencedirect.com/science/article/pii/S002234681830678X/pdfft?md5=52b210cd622c450f84ec3a01f88aeb66&pid=1-s2.0-S002234681830678X-main.pdf

3/15/2019

E...
1l

8]

9]

[10]

[11]

[12]

[14]

Rubber tourniquet technique: A simple, safe, and cost-effective method of hepatic resection in neonates and infants - ScienceDirect

@ ‘Download Share Export
K.S. Gurusamy, V. Pamecha, D. Sharma, et al.

Techniques for liver parenchymal transection in liver resection
Cochrane Database Syst Rev (2009), 10.1002/14651858.CD006880.pub2
Google Scholar

A. Sandler, K. Kimura, R. Soper

Nonanatomic hepatic resection with a pledgetted suturing technique
J Pediatr Surg (2001), 10.1053/jpsu.2001.20055

Google Scholar

T. Yang, L. Zheng, X. Huang, et al.

Surgical separation of shared liver with cotton tourniquets in conjoined twins: simple and effective
hemostasis

] Pediatr Surg, 45 (2010), pp. 1804-1807, 10.1016/j.jpedsurg.2010.04.015

Article L) Download PDF  View Record in Scopus ~ Google Scholar

D. Bader, A. Riskin, O. Vafsi, et al.

Alpha-fetoprotein in the early neonatal period—a large study and review of the literature
Clin Chim Acta, 349 (2004), pp. 15-23, 10.1016/j.cccn.2004.06.020

Article 5 Download PDF  View Record in Scopus  Google Scholar

P.J. Shukla, S.G. Barreto, S.S. Qureshi, et al.
Hepatoblastoma: a single institutional experience of 18 cases
Pediatr Surg Int, 24 (2008), pp. 799-802, 10.1007/s00383-008-2169-x

CrossRef  View Record in Scopus ~ Google Scholar

R.A. Ammann, J. Plaschkes, K. Leibundgut

Congenital hepatoblastoma: a distinct entity?

Med Pediatr Oncol (1999), 10.1002/(SICI)1096-911X(199906)32:6<466::AID-MP020>3.0.CO;2-1
Google Scholar

A.D. Trobaugh-Lotrario, B.H. Chaiyachati, R.L. Meyers, et al.
Outcomes for patients with congenital hepatoblastoma
Pediatr Blood Cancer, 60 (2013), pp. 1817-1825, 10.1002/pbc.24655

CrossRef  View Record in Scopus ~ Google Scholar

W.B. von Riedenauer, C.M. Shanti, M.S. Abouljoud

Resection of giant liver adenoma in a 17-year-old adolescent boy using venovenous bypass, total hepatic
vascular isolation, and in situ cooling

] Pediatr Surg (2007), 10.1016/j.jpedsurg.2007.05.045

Google Scholar

S. Gaujoux, R. Douard, G.M. Ettorre, et al.

Liver hanging maneuver: an anatomic and clinical review

Am J Surg, 193 (2007), pp. 488-492, 10.1016/j.amjsurg.2006.04.006
Article L) Download PDF  View Record in Scopus ~ Google Scholar

https://www.sciencedirect.com/science/article/pii/S002234681830678X

6/7


https://scholar.google.com/scholar_lookup?title=One%20thousand%20fifty-six%20hepatectomies%20without%20mortality%20in%208%20years&publication_year=2003&author=H.%20Imamura&author=Y.%20Seyama&author=N.%20Kokudo
https://doi.org/10.1002/14651858.CD006880.pub2
https://scholar.google.com/scholar_lookup?title=Techniques%20for%20liver%20parenchymal%20transection%20in%20liver%20resection&publication_year=2009&author=K.S.%20Gurusamy&author=V.%20Pamecha&author=D.%20Sharma
https://doi.org/10.1053/jpsu.2001.20055
https://scholar.google.com/scholar_lookup?title=Nonanatomic%20hepatic%20resection%20with%20a%20pledgetted%20suturing%20technique&publication_year=2001&author=A.%20Sandler&author=K.%20Kimura&author=R.%20Soper
https://doi.org/10.1016/j.jpedsurg.2010.04.015
https://www.sciencedirect.com/science/article/pii/S0022346810003751
https://www.sciencedirect.com/science/article/pii/S0022346810003751/pdfft?md5=e846b64a8045568cef676fcb2aead06c&pid=1-s2.0-S0022346810003751-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-77956815932&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Surgical%20separation%20of%20shared%20liver%20with%20cotton%20tourniquets%20in%20conjoined%20twins%3A%20simple%20and%20effective%20hemostasis&publication_year=2010&author=T.%20Yang&author=L.%20Zheng&author=X.%20Huang
https://doi.org/10.1016/j.cccn.2004.06.020
https://www.sciencedirect.com/science/article/pii/S0009898104003377
https://www.sciencedirect.com/science/article/pii/S0009898104003377/pdfft?md5=2eeab59e2ae9cab7f600bfc1a02229b7&pid=1-s2.0-S0009898104003377-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-4744338699&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Alpha-fetoprotein%20in%20the%20early%20neonatal%20period%E2%80%94a%20large%20study%20and%20review%20of%20the%20literature&publication_year=2004&author=D.%20Bader&author=A.%20Riskin&author=O.%20Vafsi
https://doi.org/10.1007/s00383-008-2169-x
https://doi.org/10.1007/s00383-008-2169-x
https://www.scopus.com/inward/record.url?eid=2-s2.0-45449089635&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Hepatoblastoma%3A%20a%20single%20institutional%20experience%20of%2018%20cases&publication_year=2008&author=P.J.%20Shukla&author=S.G.%20Barreto&author=S.S.%20Qureshi
https://doi.org/10.1002/(SICI)1096-911X(199906)32:6%3C466::AID-MPO20%3E3.0.CO;2-1
https://scholar.google.com/scholar_lookup?title=Congenital%20hepatoblastoma%3A%20a%20distinct%20entity%3F&publication_year=1999&author=R.A.%20Ammann&author=J.%20Plaschkes&author=K.%20Leibundgut
https://doi.org/10.1002/pbc.24655
https://doi.org/10.1002/pbc.24655
https://www.scopus.com/inward/record.url?eid=2-s2.0-84883816096&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Outcomes%20for%20patients%20with%20congenital%20hepatoblastoma&publication_year=2013&author=A.D.%20Trobaugh-Lotrario&author=B.H.%20Chaiyachati&author=R.L.%20Meyers
https://doi.org/10.1016/j.jpedsurg.2007.05.045
https://scholar.google.com/scholar_lookup?title=Resection%20of%20giant%20liver%20adenoma%20in%20a%2017-year-old%20adolescent%20boy%20using%20venovenous%20bypass%2C%20total%20hepatic%20vascular%20isolation%2C%20and%20in%20situ%20cooling&publication_year=2007&author=W.B.%20von%20Riedenauer&author=C.M.%20Shanti&author=M.S.%20Abouljoud
https://doi.org/10.1016/j.amjsurg.2006.04.006
https://www.sciencedirect.com/science/article/pii/S0002961006002959
https://www.sciencedirect.com/science/article/pii/S0002961006002959/pdfft?md5=7ffaec2e565e8d73bdd0f0c727a95e65&pid=1-s2.0-S0002961006002959-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-33947135411&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Liver%20hanging%20maneuver%3A%20an%20anatomic%20and%20clinical%20review&publication_year=2007&author=S.%20Gaujoux&author=R.%20Douard&author=G.M.%20Ettorre
https://www.sciencedirect.com/science/article/pii/S002234681830678X/pdfft?md5=52b210cd622c450f84ec3a01f88aeb66&pid=1-s2.0-S002234681830678X-main.pdf

3/15/2019 Rubber tourniquet technique: A simple, safe, and cost-effective method of hepatic resection in neonates and infants - ScienceDirect

= V@o@@‘lﬂ@aﬁsecﬁ%ﬁsing B4RFing maneuver by three Glisson??S pedicles and three hepatic veins
Ann Surg, 245 (2007), pp. 201-205, 10.1097/01.512.0000245516.10349.c5

CrossRef  View Record in Scopus ~ Google Scholar

© 2018 Elsevier Inc. All rights reserved.

ELSEVIER  About ScienceDirect Remote access Shopping cart Contact and support Terms and conditions Privacy policy

We use cookies to help provide and enhance our service and tailor content and ads. By continuing you agree to the
use of cookies.

Copyright © 2019 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier
B.V.

& _RELX Group™

https://www.sciencedirect.com/science/article/pii/S002234681830678X 77


https://doi.org/10.1097/01.sla.0000245516.10349.c5
https://doi.org/10.1097/01.sla.0000245516.10349.c5
https://www.scopus.com/inward/record.url?eid=2-s2.0-33846443198&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Various%20liver%20resections%20using%20hanging%20maneuver%20by%20three%20Glisson%3F%3FS%20pedicles%20and%20three%20hepatic%20veins&publication_year=2007&author=S.H.%20Kim&author=S.-J.%20Park&author=S.%20Lee
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/customer/authenticate/manra
https://sd-cart.elsevier.com/?
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.sciencedirect.com/legal/use-of-cookies
https://www.relx.com/
https://www.sciencedirect.com/science/article/pii/S002234681830678X/pdfft?md5=52b210cd622c450f84ec3a01f88aeb66&pid=1-s2.0-S002234681830678X-main.pdf

	Rubber tourniquet technique: A simple, safe, and cost-effective methodof hepatic resection in neonates and infants
	Recommended Citation

	tmp.1552628965.pdf.GwW15

