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Abstract

Although liver biopsy is the gold standard for assessing allograft health, its attendant risk has 

deterred its use in routine monitoring of stable liver transplant recipients during long-term follow-

up. We utilized prospectively collected data on adverse events from two clinical trials of 

immunosuppression withdrawal to quantify the risk of liver biopsy in pediatric liver transplant 

recipients. The trials included 451 liver biopsies in 179 children. No biopsies led to bleeding 

requiring transfusion or intervention, suggesting a clinically significant bleeding risk of <0.8%. 

Complications were reported in 5.5% of biopsies (95%CI 3.6–8.1%): 5.8% (21/363) of protocol 

biopsies and 4.5% (4/88) of for-cause biopsies (p=0.80). Mild complications occurred in 1.8% of 

biopsies, moderate in 1.8%, and severe in 2.0%. The majority of complications (89%) resolved 

within one week. Six of nine (67%) severe complications were related to biliary issues; 5 were 

episodes of cholangitis. Biopsy-related cholangitis occurred only in children with underlying 

biliary strictures. Overall, biopsy-related complications were infrequent and resolved quickly. 

Severe complications were rare, with occult biliary stricture as the dominant driver. Our study 

provides evidence for clinicians who are considering the risk versus benefit of surveillance liver 

biopsies in pediatric liver transplant recipients.

Correspondence: Emily R. Perito, emily.perito@ucsf.edu. 

Disclosure: The authors of this manuscript have no conflicts of interest to disclose as described by the American Journal of 
Transplantation.

HHS Public Access
Author manuscript
Am J Transplant. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
Am J Transplant. 2019 May ; 19(5): 1545–1551. doi:10.1111/ajt.15255.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Single center, cross-sectional studies in long-term, stable, adult and pediatric liver transplant 

recipients have reported a high prevalence of “silent” chronic graft damage in spite of 

normal liver tests.1–3 These observations have been strengthened by studies of biopsies 

performed to determine eligibility for participation in prospective, multi-center clinical trials 

of immunosuppression withdrawal.4–6 These data clearly show that liver tests lack both 

sensitivity and specificity to detect graft injury and as such, may be inadequate as the sole 

guide for immunosuppression management.7,8 Although liver biopsy is accepted as the gold 

standard for assessing allograft health, its invasiveness and the attendant risk of potentially 

serious complications have deterred its widespread use. Clarifying the equipoise of liver 

biopsy is particularly critical when considering periodic surveillance biopsies as a tool for 

optimizing immunosuppression decision-making.

Previous reports of liver biopsy risk in children are predominantly retrospective, small or 

single-center, and not transplant-specific.9–13 In contrast, this report is based on 

prospectively collected data from two multi-center, immunosuppression withdrawal trials 

[WISPR (NCT00320606) and iWITH (NCT01638559)]. These biopsies, uniformly 

conducted in stable, long-term pediatric liver transplant recipients with normal liver function 

offer a unique opportunity to comprehensively and rigorously evaluate liver biopsy risk. Our 

findings directly inform the risk/benefit considerations for surveillance biopsies in clinical 

practice.

METHODS

Prospectively collected data on adverse events (AEs) from two clinical trials of 

immunosuppression withdrawal were retrospectively reviewed. In brief, WISPR 

(Withdrawal of Immunosuppression in Pediatric Liver Transplant Recipients) was a pilot 

safety study that enrolled recipients of parental living donor grafts at three centers in the 

United States. iWITH (Immunosuppression Withdrawal for Stable Pediatric Liver Transplant 

Recipients) was an efficacy study that enrolled recipients of both living and deceased donor 

grafts at 12 centers in North America. Eligibility for both trials required that patients 

underwent transplant more than four years earlier, were stable on calcineurin-inhibitor 

monotherapy without rejection within the preceding year, with ALT and GGT consistently < 

50 IU/L, and an eligibility biopsy without significant inflammation or fibrosis.14,15 In both 

trials, liver biopsies were performed per-protocol (at screening for trial eligibility and 

serially to assess for tolerance and overall allograft health; Figure 1) and for-cause (at the 

discretion of the investigator or mandated for ALT or GGT>100 IU/L without other 

etiology).

All biopsies were performed percutaneously. Study protocols did not specify a specific 

biopsy technique but required collection of a core of ≥4 cm in length and therefore 

frequently required more than a single pass. Biopsies were performed according to each 

center’s standard-of-care (Table S1). Data on biopsy technique was not collected 

prospectively for individual biopsies; center practices were reported retrospectively. WISPR 

biopsies were done with 16 or 18-gauge needles; all iWITH biopsies were performed with 
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16-gauge biopsy needles. Trial participants were followed in the WISPR and iWITH study 

for five and four years, respectively. Eleven tolerant WISPR subjects enrolled in a four year 

extension study such that total study participation was for nine years. (Figure 1).

The primary outcome for our analysis was AE related to liver biopsy. All AEs reported as 

definitely or possibly related to a liver biopsy were included. We included all biopsies 

(n=451) performed in all subjects (n=179) enrolled in both studies. AEs were classified as 

serious or non-serious using standard National Institute of Allergy and Infectious Diseases 

(NIAID) and Food and Drug Administration guidelines. Serious AEs required 

hospitalization >24 hours, prolongation of an existing hospitalization, sequela of persistent 

or significant incapacity, characterization as life-threatening, or intervention to prevent one 

of these outcomes. AEs were also graded for severity according to the Common 

Terminology Criteria for Adverse Events (CTCAE, NCI Versions 3.0 for WISPR, 4.03 for 

iWITH). AEs were graded mild if they required no or minimal intervention (e.g. a single 

dose of pain medication), moderate if they caused mild or moderate limitation in activity but 

still required no or minimal intervention, and severe if they markedly limited activity and 

required intervention. The relationship of AEs to biopsy was determined by site investigators 

and subsequently reviewed by medical monitors from the study sponsors (Immune Tolerance 

Network and NIAID) as well as the NIAID Data Safety and Monitoring Board (DSMB).

Statistics were primarily descriptive. Differences between children with any vs. no biopsy-

related complications were calculated using Fisher’s exact tests or chi-squared tests for 

categorical variables and Wilcoxon Rank Sum Tests for continuous variables; this data is 

summarized in the text.

RESULTS

Complications possibly or definitely related to liver biopsies were reported for 12.3% (22 of 

179) of subjects and 5.5% (25/451; 95% CI 3.6–8.1%) of biopsies. Complications occurred 

in 5.8% (21/363) of protocol biopsies and 4.5% (4/88) of for-cause biopsies (p=0.80). There 

were 8 (1.8%) biopsies with mild complications, 8 (1.8%) with moderate, and 9 (2.0%) with 

severe complications. (Table 1) No biopsies led to bleeding that required transfusion, 

intervention, or surgery. No hemothorax, pneumothorax, or arteriovenous fistulas – rare 

complications after liver biopsy in adults – were reported. Nearly all (26/28 AEs; 93%) 

biopsy-related complications were detected within one day. Two serious complications 

presented later: a single episode each of cholangitis and cellulitis were reported on post-

biopsy day four and seven, respectively. (Table 1) Resolution of complications occurred in 

≤1 day for 39% and in 2–3 days for 25%; 89% of all complications resolved within one 

week. (Table 1)

Six of the nine (67%) severe biopsy-related complications were related to biliary issues. 

Cholangitis accounted for five severe and one mild biopsy-related complication. These six 

episodes occurred in four subjects at three centers; two WISPR subjects had two episodes 

each. Cholangitis related to liver biopsy only occurred in children with underlying biliary 

strictures; in the four subjects without known biliary stricture, the biopsy-related cholangitis 

triggered the diagnostic evaluation and confirmed the diagnosis. Three children with this 
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complication had received partial grafts from living donors and one had received a whole 

graft from a deceased donor. Four cholangitis episodes occurred following protocol biopsies; 

one was a trial eligibility screening biopsy and the other three occurred in children that had 

preceding for-cause biopsies for fluctuating liver enzymes. One episode of biopsy-related 

pain was graded as severe; the subject was later diagnosed with a biliary stricture. One 

additional episode of mild biopsy-related abdominal pain was followed by report of a bile 

leak associated with a later biopsy in a child with a split liver graft.

For the 25 biopsies with complications, 28 AEs were reported. The most common non-

severe biopsy-related complication was pain (11/19; 58%), which occurred in 11 children 

from six centers. Five pain episodes lasted 0–1 days (45%), five last 2–4 days (45%) 

including the 1 severe AE, and 1 lasted 7 days. Five of the pain AEs occurred in biopsies of 

whole liver grafts and six in biopsies of split liver grafts. Two biopsies incurred multiple 

AEs; all were graded as mild. One subject had a rash at the biopsy site and vomiting; the 

second subject had biopsy site contact dermatitis, pain, and nausea. Neither subject had 

complications related to other biopsies.

Children with versus those without biopsy-related complications did not differ significantly 

with respect to age at transplant or at screening biopsy, transplant indication, donor type 

(living versus deceased), graft type (whole versus split), or by ALT, GGT, or platelet count at 

baseline (data not shown). Of the 13 subjects with biopsy complications who had partial 

livers, 10 were from living and three were from deceased donors, accounting for 14% and 

8% of all living and deceased donor recipients.

None of the subjects were on anti-coagulation medications, including aspirin, at study entry 

or at the time of any liver biopsy. The biopsy of splenic tissue occurred in a child with a split 

liver graft, at a center that utilizes interventional radiologists and real-time ultrasound 

guidance The five complications related to procedural sedation occurred at five different 

centers, three with interventional radiologists and two with hepatologists performing the 

biopsies; we did not collect data on sedation or anesthetic medications utilized.

DISCUSSION

In stable pediatric liver transplant recipients with normal liver function, biopsy-related 

complications are infrequent (5.5% of all biopsies), generally mild, and resolve quickly 

without sequelae. Serious or severe complications are rare, occurring in less than 2% of all 

liver biopsies. The dominant driver of serious or severe complications was occult biliary 

stricture. Importantly, there were no episodes of bleeding that required blood transfusion or 

invasive intervention. Considering that our study included 451 liver biopsies, we estimate 

that the risk of clinically significant bleeding in this population is less than 0.8%.

Our study is unique for the following reasons. First, it is the largest study to date of biopsy-

related complications in pediatric liver transplant recipients. Second, it is exclusively 

focused on stable recipients with normal liver tests and liver function, exactly reflective of 

the population who might undergo periodic surveillance biopsies to guide long-term 

immunosuppression management. Finally, and of critical importance, it is the only pediatric 

Perito et al. Page 4

Am J Transplant. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study of liver biopsy complications that reports prospectively collected data.16 All biopsies 

were performed within the rigorous clinical trial context. Liver biopsy was explicitly 

identified as a “study procedure” and, as such, the protocol stipulated that any complication 

that was even possibly related must be reported. Moreover, the multiple layers of oversight, 

beginning with the site principal investigators, the study team, the independent on-site and 

remote clinical monitors, the medical monitors, and finally, the NIAID DSMB provides 

robust reassurance that all biopsy-related complications were indeed captured.

Pain, which undoubtedly occurred to some extent in many biopsies, was reported as an AE 

in only 2.4% of biopsies. The low prevalence may reflect several considerations. Biopsies 

were typically conducted with sedation or general anesthesia which, in addition to 

preventing awareness, may decrease peri-procedural anxiety and memory of pain. The 

reporting of the subjective symptom of pain may not have been uniform over time or across 

centers, although AEs of pain were reported by six of the 12 centers. It is also possible that 

pain that did not require any concomitant medications or other treatment was not reported. 

Overall, our data provides some reassurance that biopsy-related pain is unlikely to be severe.

One critical relationship that emerged from our study is that biopsy-related cholangitis 

signaled undiagnosed biliary stricture. This has not been previously reported in pediatric 

liver transplant recipients. Studies in adults have reported biliary stricture as a risk factor for 

sepsis following liver biopsy.17 Earlier studies implicated choledochojejunostomy as a risk 

factor for post-biopsy sepsis in adults,18 but subsequent studies clarified that the risk factor 

is underlying biliary abnormalities like stricture, not the type of surgical anastomosis.17,19

The episodes of biopsy-related cholangitis lead to two recommendations. First, we suggest 

that liver transplant recipients with a recently diagnosed or untreated biliary stricture, or with 

a history of biopsy-related cholangitis, receive antibiotic prophylaxis at the time of biopsy. 

Second, an episode of biopsy-related cholangitis should trigger definitive evaluation for 

occult biliary stricture, either with endoscopic retrograde cholangiography or percutaneous 

transhepatic cholangiogram and biliary drainage. This recommendation is supported both by 

our data and by previous studies that describe the low sensitivity and specificity of liver 

tests, ultrasound examination, magnetic cholangiopancreatography (MRCP), and even liver 

biopsy to diagnose biliary stricture.20–22 These studies reveal a much lower sensitivity and 

specificity of both ultrasound and MRCP in detecting biliary strictures in patients with bilio-

enteric anastomoses instead of duct-to-duct, which is very commonly the case in children.
20, 22

Previous reports of liver biopsy complications in children report a rate of serious 

complications comparable to our findings, and a broad range of minor complication rates. 

(Table 3) These studies were all retrospective, single-center studies; the broad range of 

minor complication rates likely reflects heterogeneity in screening for and recording of 

complications. Similarly, reports of adult liver biopsy complications reported a 0.4–18% 

incidence of minor complications (pain, bleeding without need for transfusion) and a 0–

1.7% incidence of major complications.21,23
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The implications of our study are limited by the characteristics of the study cohort in several 

respects. Our cohort included stable pediatric liver transplant recipients at least four years 

after liver transplant with normal liver tests and function. Therefore, our data may not 

accurately reflect biopsy complication rates if performed in children early after liver 

transplant or late after liver transplant but with abnormal allograft function, portal 

hypertension, ascites, and/or coagulopathy. Of note, more than half of our cohort did have a 

split graft, and children with split grafts were not more likely to have biopsy-related 

complications. Long-term survival after pediatric liver transplant is excellent, with rates 

more than 80% at 10 years.24 But our cohort was selected for their normal liver enzymes and 

very stable courses, which is not achievable by all transplant recipients. The majority of 

children underwent transplant for biliary atresia or acute liver failure. When considering 

liver biopsy for any transplant recipient, unique factors that increase bleeding risk such as a 

particular transplant indication, personal and/or family bleeding history, must be weighed.

All biopsies were performed in large-volume, well-established pediatric transplant centers, 

albeit by both hepatologists and interventional radiologists using a variety of localization 

techniques and needles. (Table S1) As such, our findings may not translate to small volume 

and/or nascent transplant centers. We did not prospectively collect data on technical details 

of biopsy procedures performed at each center. However, the low rate of complications 

severely limits our ability to identify safety differences associated with specific techniques. 

We did not employ a standardized pain scale during the trial; however, standardized 

definitions of AE severity were used by study investigators for grading. Finally, data on the 

number of biopsy passes made and the post-biopsy hematocrit was not recorded in the trial. 

Of note, surveillance biopsies may not all require 4cm of liver tissue; this was required in the 

trial because tissue was also evaluated for mechanistic studies.

In conclusion, liver biopsy is an invasive but low-risk procedure for pediatric liver transplant 

recipients. This data suggests that surveillance liver biopsies can be utilized to proactively 

manage immunosuppression without incurring excessive risk in the long-term management 

of stable pediatric liver transplant recipients. Particularly in light of the ever-widening 

swathe of data attesting to the high prevalence of silent chronic graft injury, our study 

provides solid evidence that clinicians can use when considering the risk versus the benefit 

of periodic surveillance liver biopsies to guide immunosuppression management and 

monitor allograft health, with the aim of maximizing both graft and patient longevity. This 

risk profile supports the feasibility of future liver biopsy-based studies aimed at finetuning 

immunosuppression in these children—to provide adequate graft protection while 

minimizing adverse effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by the National Institute of Allergy and Infectious Diseases (NIAID) and the National 
Institute for Diabetes and Digestive and Kidney Diseases (NIDDK) (U01-AI-100807; DK0990253-A1—Dr. Perito), 
the Clinical Trials in Organ Transplantation in Children (U01-AI-104347), the Immune Tolerance Network 

Perito et al. Page 6

Am J Transplant. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(UM1AI109565), and NIH National Center for Research Resources awarded to the UCSF Clinical & Translational 
Science Institute (UL1 RR024131). The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the NIH.

The authors would like to extend their appreciation towards the patients that participated in these studies and their 
families, the participating centers and their research coordinators, and the trial investigators: Estella M. Alonso, MD 
(Siragusa Transplantation Center, Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL); Udeme D. 
Ekong, MD MPH (Section of Pediatric Gastroenterology and Hepatology, Yale University School of Medicine, 
New Haven, CT); Steven J. Lobritto, MD (Center for Liver Diseases and Transplantation, Department of Surgery, 
Columbia University Medical Center, New York, NY); Ryan Himes, MD (Section of Gastroenterology, Hepatology, 
and Nutrition, Texas Children’s Hospital, Houston, TX); John Magee, MD (Section of Transplant Surgery, 
Department of Surgery, University of Michigan, Ann Arbor, MI), George Mazariegos, MD (Hillman Center for 
Pediatric Transplantation, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, PA), Vicky Ng, MD (Division of 
Pediatric Gastroenterology, Hepatology and Nutrition, Transplant and Regenerative Medicine Center, Toronto, 
Ontario, Canada), Elizabeth Rand, MD (Liver Transplant Program, The Children’s Hospital of Pennsylvania, 
Philadelphia, PA), Nitika A. Gupta, MD (Division of Pediatric Gastroenterology, Hepatology and Nutrition, 
Department of Pediatrics, Emory University School of Medicine, Atlanta, GA), Phillip Rosenthal, MD (University 
of California San Francisco, UCSF Benioff Children’s Hospital); Shikha Sundaram, MD (Division of 
Gastroenterology, Hepatology, and Nutrition, Children’s Hospital Colorado, University of Colorado School of 
Medicine, Aurora, CO). In addition, we acknowledge and appreciate the following people for their support of and 
contributions to this research: Nancy D. Bridges, MD (NIH-NIAID), Averell H. Sherker, MD (NIH-NIDDK), 
Edward Doo, MD (NIH-NIDDK), Nadia K. Tchao, MD (Immune Tolerance Network), David Ikle, PhD (Rho, Inc.), 
and Caroline Christman, MS (Rho, Inc.).

Abbreviations:

AE Adverse event

ALT Alanine aminotransferase

CI Confidence interval

CTCAE Common Terminology Criteria for Adverse Events

DSMB Data Safety and Monitoring Board

GGT Gamma glutamyl transpeptidase

IQR Interquartile range

iWITH Immunosuppression Withdrawal for Stable Pediatric Liver Transplant 

Recipients

NIAID National Institute of Allergy and Infectious Diseases

SAE Serious adverse event

WISPR Withdrawal of Immunosuppression in Pediatric Liver Transplant 

Recipients

REFERENCES:

1. Venturi C, Sempoux C, Quinones JA, et al. Dynamics of allograft fibrosis in pediatric liver 
transplantation. Am J Transplant. 2014;14(7):1648–1656. [PubMed: 24934832] 

2. Evans HM, Kelly DA, McKiernan PJ, Hubscher S. Progressive histological damage in liver 
allografts following pediatric liver transplantation. Hepatology. 2006;43(5):1109–1117. [PubMed: 
16628633] 

3. Scheenstra R, Peeters PM, Verkade HJ, Gouw AS. Graft fibrosis after pediatric liver transplantation: 
Ten years of follow-up. Hepatology. 2009;49(3):880–886. [PubMed: 19101912] 

Perito et al. Page 7

Am J Transplant. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Feng S, Bucuvalas JC, Demetris AJ, et al. Evidence of chronic allograft injury in liver biopsies from 
long-term pediatric recipients of liver transplants. Gastroenterology. 2018.

5. Benítez C, Londoño M, Miquel R, et al. Prospective multicenter clinical trial of immunosuppressive 
drug withdrawal in stable adult liver transplant recipients. Hepatology. 2013;58(5):1824–1835. 
[PubMed: 23532679] 

6. Feng S, Bucuvalas J, Demetris A, Spain K, Kanaparthi S, Magee J, Mazariegos G, The iWITH 
Investigators. Primary outcome of iWITH: A multi-center clinical trial of complete 
immunosuppression withdrawal (ISW) in stable pediatric liver transplant (LT) recipients. Am J 
Transplant. 2016(16 (suppl 3)).

7. Egawa H, Miyagawa-Hayashino A, Haga H, et al. Non-inflammatory centrilobular sinusoidal 
fibrosis in pediatric liver transplant recipients under tacrolimus withdrawal. Hepatol Res. 
2012;42(9):895–903. [PubMed: 22524409] 

8. Kelly D, Verkade HJ, Rajanayagam J, McKiernan P, Mazariegos G, Hübscher S. Late graft hepatitis 
and fibrosis in pediatric liver allograft recipients: Current concepts and future developments. Liver 
Transpl. 2016;22(11):1593–1602. [PubMed: 27543906] 

9. Mandal S, Miraglia R, Maruzzelli L, et al. US-guided percutaneous liver biopsy in pediatric liver 
transplant recipients. J Pediatr Gastroenterol Nutr. 2014;58(6):756–761. [PubMed: 24509302] 

10. Sornsakrin M, Helmke K, Briem-Richter A, Ganschow R. Value of ultrasound-guided 
percutaneous liver biopsy in children following liver transplantation. J Pediatr Gastroenterol Nutr. 
2010;51(5):635–637. [PubMed: 20890218] 

11. Bolia R, Matta J, Malik R, Hardikar W. Outpatient liver biopsy in children: Safety, feasibility, and 
economic impact. J Pediatr Gastroenterol Nutr. 2017;65(1):86–88. [PubMed: 28644355] 

12. Bilreiro C, Noruegas MJ, Gonçalves I, Moreira Â. Ultrasound-guided liver biopsies in children: A 
single-center experience and risk factors for minor bleeding. J Pediatr Gastroenterol Nutr. 
2017;65(2):137–140. [PubMed: 28394846] 

13. Govender P, Jonas MM, Alomari AI, et al. Sonography-guided percutaneous liver biopsies in 
children. AJR Am J Roentgenol. 2013;201(3):645–650. [PubMed: 23971459] 

14. Banff schema for grading liver allograft rejection: An international consensus document. 
Hepatology. 1997;25(3):658–663. [PubMed: 9049215] 

15. Haas M, Sis B, Racusen LC, et al. Banff 2013 meeting report: Inclusion of c4d-negative antibody-
mediated rejection and antibody-associated arterial lesions. Am J Transplant. 2014;14(2):272–283. 
[PubMed: 24472190] 

16. Dezsofi A, Baumann U, Dhawan A, et al. Liver biopsy in children: Position paper of the 
ESPGHAN hepatology committee. J Pediatr Gastroenterol Nutr. 2015;60(3):408–420. [PubMed: 
25383787] 

17. Larson AM, Chan GC, Wartelle CF, et al. Infection complicating percutaneous liver biopsy in liver 
transplant recipients. Hepatology. 1997;26(6):1406–1409. [PubMed: 9397978] 

18. Bubak ME, Porayko MK, Krom RA, Wiesner RH. Complications of liver biopsy in liver transplant 
patients: Increased sepsis associated with choledochojejunostomy. Hepatology. 1991;14(6):1063–
1065. A [PubMed: 1959854] 

19. Ben-Ari Z, Neville L, Rolles K, Davidson B, Burroughs AK. Liver biopsy in liver transplantation: 
No additional risk of infections in patients with choledochojejunostomy. J Hepatol. 1996;24(3):
324–327. [PubMed: 8778200] 

20. Teplisky D, Uruena Tincani E, Halac E, et al. Ultrasonography, laboratory, and cholangiography 
correlation of biliary complications in pediatric liver transplantation. Pediatr Transpl. 2015; 10 (2): 
170–4.

21. Potthoff A, Hahn A, Kubicka S, et al. Diagnostic value of ultrasound in detection of biliary tract 
complications after liver transplantation. Hepat Mon 2013; 13 (1): e6003. [PubMed: 23483295] 

22. Kinner S, Dechene A, Paul A, et al. Detection of biliary stenoses in patients after liver 
transplantation: is there a different diagnostic accuracy of MRCP depending on the type of biliary 
anastomosis? Eur J Radiol. 2011; 80 (2): e20–8. [PubMed: 20580506] 

23. Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD. Liver biopsy. Hepatology. 
2009;49(3):1017–1044. [PubMed: 19243014] 

Perito et al. Page 8

Am J Transplant. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Ng VL, Alonso EM, Bucuvalas JC et al. Health status of children alive 10 years after pediatric liver 
transplantation performed in the US and Canada: Reports of the Studies of Pediatric Liver 
Transplantation experience. J Pediatr 2012 5: 160 (5): 820–6. [PubMed: 22192813] 

25. Almeida P, Schreiber RA, Liang J, Mujawar Q, Guttman OR. Clinical characteristics and 
complications of pediatric liver biopsy: A single centre experience. Ann Hepatol. 2017;16(5):797–
801. [PubMed: 28809725] 

26. Short SS, Papillon S, Hunter CJ, et al. Percutaneous liver biopsy: Pathologic diagnosis and 
complications in children. J Pediatr Gastroenterol Nutr. 2013;57(5):644–648. [PubMed: 23799457] 

27. Westheim BH, Ostensen AB, Aagenaes I, Sanengen T, Almaas R. Evaluation of risk factors for 
bleeding after liver biopsy in children. J Pediatr Gastroenterol Nutr. 2012;55(1):82–87. [PubMed: 
22249806] 

28. Westheim BH, Aagenaes I, Østensen AB, Sanengen T, Almaas R. Effect of operator experience 
and frequency of procedure performance on complication rate after ultrasound-guided 
percutaneous liver biopsies. J Pediatr Gastroenterol Nutr. 2013;57(5):638–643. [PubMed: 
24177785] 

29. Potter C, Hogan MJ, Henry-Kendjorsky K, Balint J, Barnard JA. Safety of pediatric percutaneous 
liver biopsy performed by interventional radiologists. J Pediatr Gastroenterol Nutr. 2011;53(2):
202–206. [PubMed: 21788763] 

30. Scheimann AO, Barrios JM, Al-Tawil YS, Gray KM, Gilger MA. Percutaneous liver biopsy in 
children: Impact of ultrasonography and spring-loaded biopsy needles. J Pediatr Gastroenterol 
Nutr. 2000;31(5):536–539. [PubMed: 11144439] 

Perito et al. Page 9

Am J Transplant. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Timeline of biopsies in the WISPR and iWITH trials. In both trials, protocol biopsies at time 

0 were done to assess trial eligibility. WISPR included protocol biopsies in 22 children (20 

eligible, 2 ineligible) and for-cause biopsies in 12 trial participants. iWITH included 

protocol biopsies in 157 children (88 eligible, 69 ineligible) and for-cause biopsies in 53 trial 

participants. ISW = Immunosuppression withdrawal
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TABLE 1:

Complications of percutaneous liver biopsy in stable pediatric liver transplant recipients

Description Total Serious AEs*
AE* grade

AE* duration (days)
Severe Moderate Mild

Hepatobiliary

Cholangitis 6 5 5 1 5, 5, 6, 18†, 35†, 94

Bile leak 1 1 1 4

Biopsy of splenic tissue 1 1 0

Related to biopsy site, cutaneous

Pain 11 1 1 5 5 0–7

Rash at biopsy site 3 3 2–3

Cellulitis, biopsy site 1 1 1 7

Related to procedural sedation

Nausea/vomiting 2 2 0

Hypotensive episode 1 1† 0

Sedation reaction 1 1 0

Fever 1 1† 1

*
AE = adverse event. All AEs were classified as serious or non-serious, and were graded by severity (mild, moderate, severe, life-threatening, 

death).

†
Occurred following for-cause biopsies. All other complications occurred following protocol biopsies.
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TABLE 2:

Characteristics of the pediatric liver transplant recipients with biopsy-related complications

N (%) or median (IQR)

Female 14 (64)

Race

 White 20 (91)

 Black 0

 Other 1 (4.5)

 Unknown 1 (4.5)

Transplant indication

 Biliary atresia 14 (64)

 Acute liver failure 3 (14)

 Metabolic liver disease 2 (9)

 Other 3 (14)

Graft type

 Whole 9 (41)

 Split 13 (59)

Age at transplant (years) 0.7 (0.5 −1.8)

At screening for study entry:

 Age, years 10.1 (6.7–11.9)

 ALT (IU/L) 27 (17–33)

 GGT (IU/L) 16 (11–21)

 Platelets (x 109/L) 234 (192–291)

Years followed in trial 4.1 (4.1–4.2)
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TABLE 3:

Published reports of percutaneous liver biopsy complications in children that include pediatric liver transplant 

recipients, 2000–2018

Author,
year

Number
of biopsies Biopsy method

Prevalence
of complications16

Types of complication

Minor Major

Post-transplant liver biopsies, all for-cause

Mandal 20149 219 IR, US-guided
Cutting needle N/A 0.91% Major: 2 bleeds requiring transfusion

Sornsakrin 201010 120 IR,US-marked
Suction needle 3.3% 1.7% Minor: sedation-related, self-limited bleed

Major: 1 bile leak/peritonitis, 1 abscess

All percutaneous liver biopsies

Bolia 201711 626
163 post-LT

IR: US-guided
GI:US-marked 2.7% 2.1%

Minor: self-limited bleed
Major: fever (5), hemobilia (2), bleeding (3; 2 
transfused), gelfoam anaphylaxis (2), sepsis (1)

Bilreiro 201712 228
127 post-LT

US-guided
Needle N/A

11.8%
0.8% post-LT 0% Minor: self-limited bleed

Almeida 201725 163 N/A 66% 0% Minor: pain, self-limited bleeds

Govender 201313 597
111 post-LT

IR US-guided
Cutting needle 8.2% 1.7%

Minor: self-limited bleed, pain, sedation-
related
Major: bleeding (9; 5 transfused), 
pneumothorax (1), fever requiring antibiotics 
(1)

Short 201326 328
31 post-LT

IR US-guided
Cutting needle 8.2% 2.4%

Minor: pain, self-limited bleed, sedation-
related, 1 ascites leak
Major: bleed requiring transfusion (6), 
hemorrhagic shock/death (1), infection (1)

Westheim 2012, 
201327, 28

311
114 post-LT

IR US-guided
Cutting needle

25%
18% post-LT

1.3%
0.9% post-LT

Minor: self-limited bleed, pain, sedation-
related, 2 asymptomatic AV fistulas
Major: 3 bleeds (1 in post-LT on LMWH, 2 
surgeries, 1 transfused)

Potter 201129 294
28 post-LT

IR US-guided
Cutting needle 0.34% 1.0%

Minor: 1 self-resolving pneumothorax
Major: 2 bleeds (2 transfused, both with bone 
marrow failure), 1 sepsis in post-LT

Schiemann 200030 249
140 post-LT

+/− US-guided
Needle varied 4.4% 2.4%

3.6% post-LT

Minor: pain, fever, sedation-related, rash
Major: hemothorax (3), bleed requiring 
surgery (3) with 1 death (child with HUS)
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