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Do wound complications or lymphoceles occur more often
in solid organ transplant recipients on mTOR inhibitors?
A systematic review of randomized controlled trials
Liset H. M. Pengel, Liang Q. Liu and Peter J. Morris

Centre for Evidence in Transplantation, Clinical Effectiveness Unit, Royal College of Surgeons of England and the London School of Hygiene and

Tropical Medicine, University of London, London, UK

Introduction

The introduction of calcineurin inhibitors (CNIs) has sig-

nificantly improved the outcome of solid organ transplan-

tation. However, CNIs have been associated with

nephrotoxicity and other side-effects [1]. One alternative

to CNIs is a new class of immunosuppressants, sirolimus

(SRL) and everolimus (EVL) that inhibit the mammalian

target of rapamycin (mTOR inhibitors). Quite early after

the introduction of mTOR inhibitors into immunosup-

pressive regimens, it became apparent that the antiprolif-

erative actions of mTOR inhibitors might have an effect

on healing as evident by poor wound healing and the

occurrence of lymphoceles after renal transplantation

[2–4]. This antiproliferative effect on fibroblasts in the

healing wound is likely to be the explanation for compli-

cations of healing [5]. In particular, tracheal dehiscence

was noted after lung transplantation [6].

In 2006, a Cochrane review by Webster et al. [7] evalu-

ated the efficacy and safety of mTOR inhibitors for kid-

ney transplant recipients in the immediate post-transplant

period. The authors found that patients treated with

mTOR inhibitors showed an increased risk of developing

lymphoceles when compared with patients treated with

CNIs or antimetabolites. They did not find an increased

risk for developing wound complications nor did they

find a difference when comparing lower versus higher

dose mTOR inhibitors or when comparing lower dose
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Summary

mTOR inhibitors have been associated with wound complications and lympho-

celes. We systematically reviewed randomized controlled trials (RCTs) to com-

pare these outcomes for solid organ transplant recipients. Relevant medical

databases were searched to identify RCTs in solid organ transplantation com-

paring mTOR inhibitors with an alternative therapy reporting on wound com-

plications and/or lymphoceles. Methodological quality of RCTs was assessed.

Pooled analyses were performed to calculate odds ratios (OR) and 95% confi-

dence intervals (CI). Thirty-seven RCTs in kidney, heart, simultaneous pan-

creas-kidney and liver transplantation were included. Pooled analyses showed a

higher incidence of wound complications (OR 1.77, CI 1.31–2.37) and lympho-

celes (OR 2.07, CI 1.62–2.65) for kidney transplant recipients on mTOR inhibi-

tors together with calcineurin inhibitors (CNIs). There was also a higher

incidence of wound complications (OR 3.00, CI 1.61–5.59) and lymphoceles

(OR 2.13, CI 1.57–2.90) for kidney transplant recipients on mTOR inhibitors

together with antimetabolites. Heart transplant patients receiving mTOR inhib-

itors together with CNIs also reported more wound complications (OR 1.82,

CI 1.15–2.87). We found a higher incidence of wound complications and lym-

phoceles after kidney transplantation and a higher incidence of wound compli-

cations after heart transplantation for immunosuppressive regimens that

included mTOR inhibitors from the time of transplantation.
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mTOR inhibitors plus standard CNIs versus higher dose

mTOR inhibitors plus lower dose CNIs. Their literature

search was done up to July 2005 and since then some of

the included conference abstracts have been published as

full articles and a number of additional, large RCTs have

been published that report on wound complications or

lymphoceles.

Therefore, the primary aim of the study was to evaluate

the occurrence of wound complications and lymphoceles

in solid organ transplant recipients receiving mTOR

inhibitors from the time of transplantation compared

with patients not receiving mTOR inhibitors. We tested

the null hypothesis that wound complications and lym-

phoceles do not occur more commonly in patients receiv-

ing mTOR inhibitors than in patients who do not receive

mTOR inhibitors.

As it has been suggested that steroid avoidance may

reduce the negative impact of mTOR inhibitors on

wound healing and lymphocele formation, a secondary

analysis was planned to review the effects of mTOR

inhibitors plus steroids versus mTOR inhibitors without

steroids on these outcomes [8,9].

Methods

Inclusion criteria

For the primary analysis, eligible studies included ran-

domized controlled trials (RCTs) in solid organ trans-

plantation that compared mTOR inhibitors given from

the time of transplantation with at least one alternative

non-mTOR inhibitor intervention arm. For the secondary

analysis, we included RCTs with mTOR inhibitors in both

arms and at least one steroid arm and one steroid-free

arm. Studies had to report on wound complications or

lymphoceles. Wound complications included (superficial

or deep) wound infection, (superficial) wound dehiscence,

fascial dehiscence, wound debridement, delayed/slow

wound healing, abnormal wound healing, partial wound

healing, haematoma, seroma, wound inflammation,

increased wound drainage, wound haemorrhage, wound

secretion or incisional hernia. Studies only reporting on

peripheral oedema, fluid overload and oedema were

excluded.

Identification of studies

Full reports of RCTs were identified through searches of

the Transplant Library, Medline, Embase and the Cochra-

ne Central Register of Controlled Trials up to 24 March

2011 without language restrictions. Search terms in Med-

line and Cochrane included all MeSH terms for solid

organ transplantation and other generic transplantation

MeSH terms. The Cochrane highly sensitive search strat-

egy was used to identify RCTs in Medline. Other specific

search terms included sirolimus, rapamycin, rapamune,

everolimus, ay 22-989, SDZ RAD and Certican. When

there was more than one report of the same trial, all

reports that reported on wound complications or lym-

phoceles were included in the review. The reference lists

of identified RCTs or reviews were inspected for addi-

tional references. Conference abstracts were not included.

Data extractions and methodological quality

The following data were extracted from eligible articles

by one reviewer: type of organ, intervention arms, induc-

tion therapy, mTOR inhibitor dose, steroid dose, number

of participants, follow-up period, description and inci-

dence of wound complications and/or lymphoceles.

Methodological quality was assessed independently by

two reviewers using both the Jadad score and the items

allocation concealment and intention to treat [10,11].

The Jadad score addresses the items randomization,

blinding and description of withdrawals and dropouts.

The total Jadad score ranges from 0 to 5 with RCTs scor-

ing at least 3 of 5 being considered to be consistent with

sound methodological quality. However, also the use of

allocation concealment and intention to treat were part

of the overall assessment of quality. Intention to treat

was defined as an analysis including all randomized par-

ticipants, that was based on the groups to which partici-

pants were originally randomly assigned regardless of

whether they satisfied the entry criteria, the treatment

actually received and subsequent withdrawal or deviation

from the protocol.

Analysis

The RCTs were analysed according to organ and con-

comitant therapy, i.e. mTOR inhibitors together with

CNIs or antimetabolites. If there was more than one

RCT with similar interventions, a meta-analysis was per-

formed for the incidence of wound complications or

lymphoceles. Data were extracted by two reviewers using

a spreadsheet. Review Manager (RevMan) [Computer

program] version 5.1.1 (Copenhagen: The Nordic Coch-

rane Centre, The Cochrane Collaboration, 2011) was

used to pool the incidence of wound complications or

lymphoceles among studies. We pooled all data irrespec-

tive of the length of follow-up, as most complications

would develop within the first few months after trans-

plantation. A subgroup analysis was also performed for

studies considered to be of good methodological quality,

i.e. studies that used adequate allocation concealment or

scored at least 3 points on the Jadad scale. The Mantel–

Haenszel random effects model was used to calculate
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odds ratios (OR). For trials with more than two arms,

the incidences of wound complications or lymphoceles

for the mTOR inhibitor or control arms were grouped

and compared collectively with the comparator. If there

were no events in both arms, the RCT was excluded

from the quantitative analysis. Statistical heterogeneity

was tested using the I2 statistic. A secondary analysis was

performed to assess whether complications occur more

commonly in patients receiving concomitant steroids

compared with no steroids. To assess possible publication

bias, funnel plots were created for comparisons that

included at least 10 trials [12].

Results

Included studies

The literature search identified a total of 518 unique ref-

erences of which 37 RCTs met the inclusion criteria for

the qualitative analysis (Fig. 1). One study was omitted

from the quantitative primary and secondary analyses, as

it was reported that no events occurred in either study

arms [13]. Thirty-one RCTs evaluated sirolimus whereas

six RCTs evaluated everolimus. For the primary quanti-

tative analysis, a total of 28 RCTs were published on

kidney transplantation reporting on 8916 patients

Excluded
n = 1 (kidney)

Studies included in 
qualita ve synthesis

n = 37

Unique 
references for 

review
n = 518

Studies included in 
quan ta ve synthesis 

(meta-analysis)
n = 36

Kidney
n = 28

Liver
n = 1

SPK
n = 1

Heart
n = 4

Primary analysis:
mTOR-I vs alterna ve

n = 34

Secondary analysis: 
steroids vs no steroids 
All receiving mTOR-I

n = 2

Kidney
n = 2

Database searches
Medline: n = 295
EMBASE: n = 454
Central: n = 252
Transplant Library: n = 257

References retrieved
n = 1258

Duplicates
n = 740

Excluded: n = 482
Main reasons for exclusion were: 

no non-mTOR inhibitor arm
not repor ng wound complica ons or 
lymphoceles

• late introduc on of mTOR inhibitors

•

•

Figure 1 Flowchart of the selection of articles. SPK, simultaneous pancreas-kidney; mTOR-I, mTOR inhibitors.
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(Tables 1 and 2, Table S1), [13–43] four RCTs were

published on heart transplantation reporting on 1289

patients (Table S2), [44–47] one RCT [48] was pub-

lished on liver transplantation reporting on 78 patients

(Table S3) and one RCT [49] was published on simulta-

neous kidney and pancreas transplantation reporting on

123 patients (Table S4). In kidney transplantation, 14

RCTs evaluated mTOR inhibitors together with CNIs, 13

RCTs evaluated mTOR inhibitors together with antime-

tabolites and 1 RCT evaluated an mTOR inhibitor

together with belatacept. For all RCTs in heart trans-

plantation, mTOR inhibitors were given together with

CNIs. For the secondary quantitative analysis, i.e. evalua-

tion of the possible impact of mTOR inhibitors com-

bined with steroids versus no steroids, two RCTs on

kidney transplantation were identified (Table S5)

[50,51]. Most trials on kidney transplantation reported

on both wound complications and lymphoceles (Table

S6).

Methodological quality

For the primary analysis, nearly half of all RCTs (46%)

were considered to be of good methodological quality

according to the Jadad scale. Of the 35 RCTs, 14 trials

described an appropriate method to generate the ran-

domization sequence. Five trials were double-blinded,

four of which adequately described the method of dou-

ble-blinding. An adequate description of withdrawals and

dropouts was given for 31 of 35 trials. More than half

of all RCTs (63%) used intention to treat to analyse

data and about one-third (37%) of trials adequately

described allocation concealment. For the secondary

analysis, the Jadad score of the two trials was inade-

quate. Only Montagnino et al. [50] adequately described

allocation concealment and analysed the data according

to intention to treat.

Wound complications and lymphoceles

Kidney transplantation

Pooled analyses showed that kidney transplant patients

receiving mTOR inhibitors together with CNIs reported

more wound complications (12 trials, n = 4787; OR 1.77,

95% confidence interval (CI) 1.31–2.37) and more lym-

phoceles (11 trials, n = 5370; OR 2.07, CI 1.62–2.65) than

patients not receiving mTOR inhibitors (Figs 2 and 3).

The heterogeneity was minimal (I2 = 0% for both analy-

ses). A subgroup analysis of RCTs considered to be of

good methodological quality also showed a higher inci-

dence of wound complications and lymphoceles for

patients on mTOR inhibitors (Table S7). The funnel plot

for both analyses showed asymmetry suggesting that

smaller studies with and without significant effects could

have remained unpublished.

Kidney transplant patients receiving mTOR inhibitors

together with antimetabolites reported more wound com-

plications (13 trials, n = 2757; OR 3.00, CI 1.61–5.59)

and lymphoceles (8 trials, n = 2372; OR 2.13, CI 1.57–

2.90) than patients not receiving mTOR inhibitors (Figs 3

and 4 & Figure S1). The heterogeneity for the incidence

of wound complications was substantial (I2 = 59%) but

not for the incidence of lymphoceles (I2 = 0%). The sub-

group analysis of RCTs considered to be of good method-

ological quality also showed a higher incidence of wound

complications for patients on mTOR inhibitors (Table

S7). The substantial heterogeneity of 60% was thereby

reduced to 0% in the subgroup analysis indicating that

heterogeneity could have been due to differences in meth-

odological quality. The subgroup analysis for the inci-

dence of lymphoceles found a higher incidence for

patients on mTOR inhibitors when the Jadad score was at

least 3, however, this was not found for studies using

concealed allocation. The funnel plot for the analysis of

wound complications showed asymmetry suggesting that

small studies without significant effects could have

remained unpublished.

For both the analyses, i.e. mTORs together with either

CNIs or antimetabolites, there was no increase or

decrease of the incidence of wound complications or lym-

phoceles over time.

One RCT evaluated wound complications and lympho-

celes in 89 kidney transplant recipients comparing mTOR

inhibitors together with belatacept versus belatacept and

MMF versus tacrolimus and MMF [43]. There were no

cases of wound dehiscence in the mTOR group versus

three cases of wound dehiscence in the non-mTOR

groups and one case of lymphoceles in the mTOR group

versus one case of lymphoceles in the non-mTOR groups.

Heart transplantation

Heart transplant patients receiving mTOR inhibitors

together with CNIs reported more wound complications

(four trials, n = 1278; OR 1.82, CI 1.15–2.87) than

patients not receiving mTOR inhibitors (Supplemental

Figure S2) [44–46]. Heterogeneity was minimal

(I2 = 5%).

Liver transplantation

One RCT evaluated wound complications in 78 liver

transplantation receiving either everolimus with early CsA

withdrawal versus standard CsA and MMF [48]. Forty-six

per cent of patients in the everolimus arm versus 27% of

patients in the CsA arm experienced incisional hernias

(P = 0.16) and 21% versus 31% experienced biliary com-

plications (P = 0.51).
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SPK transplantation

One trial evaluated wound complications in 123 SPK

transplant patients receiving sirolimus together with ta-

crolimus versus MMF together with tacrolimus [49].

Impaired wound healing occurred in 13 patients of the si-

rolimus group versus 10 patients in the MMF group.

There were four cases of lymphoceles in the sirolimus

group versus three cases of lymphoceles in the MMF

group.

Subgroup analysis: Steroid avoidance

Sandrini et al. [51] compared early steroid withdrawal at

day 5 with late steroid withdrawal at month 6. Montagni-

no et al. [50] compared early steroid withdrawal at day 7

with continued low dose steroid use. Sandrini et al. found

a higher incidence of wound healing complications in the

late steroid withdrawal group compared with the early

steroid withdrawal group (21% vs. 4%, P = 0.02). A

pooled analysis of the two RCTs for the incidence of lym-

phoceles showed that patients in the early steroid with-

drawal groups experienced less lymphoceles compared

with the late steroid withdrawal and continued low dose

steroid groups (n = 229; OR 0.19, CI 0.04–0.88). Hetero-

geneity was minimal (I2 = 0%).

Discussion

Meta-analysis of the available data showed a higher inci-

dence of wound complications and lymphoceles after kid-

ney transplantation and a higher incidence of wound

complications after heart transplantation for immunosup-

pressive regimens that included mTOR inhibitors versus

regimens that did not include mTOR inhibitors from the

time of transplantation.

Wound complications and lymphoceles typically appear

within the first few months after transplantation and thus,

mTOR inhibitors should be avoided from the time of

transplantation for probably 3 months to prevent such

problems. However, one RCT comparing immediate

introduction of everolimus with delayed introduction

after 4 weeks in kidney transplantation found no differ-

ences in wound healing complications at 3 months or

12 months [52,53]. A number of RCTs have evaluated the

late conversion to sirolimus at 3 months post-transplant

but none of these studies report on the occurrence of

wound complications or lymphoceles possibly because

these problems are unlikely to occur after such time per-

iod [54–56].

As a result of its anti-inflammatory effect, steroid use

can lead to poor wound healing [57]. This systematic

review identified one RCT that showed a higher

incidence of poor wound healing for late steroid

withdrawal compared with early steroid withdrawal inT
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b
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Figure 2 Forest plot indicating the odds ratio of the occurrence of wound complications in kidney transplant recipients on mTOR inhibitors plus

calcineurin inhibitors.

Figure 3 Forest plot indicating the odds ratio of the occurrence of lymphoceles in kidney transplant recipients on mTOR inhibitors plus calcineurin

inhibitors.

Figure 4 Forest plot indicating the odds ratio of the occurrence of wound complications in kidney transplant recipients on mTOR inhibitors plus

antimetabolites.
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kidney transplantation. A pooled analysis of two RCTs

showed less lymphoceles for early steroid withdrawal

compared with late steroid withdrawal or continued use

of low dose steroids in kidney transplantation. A non-

randomized study on kidney transplantation comparing

sirolimus without steroids with historical controls on

long-term maintenance steroids also showed a lower

incidence of lymphoceles for the steroid avoidance

group but no differences between groups for wound

hernia or wound dehiscence [8]. However, because of

insufficient level 1 evidence, we cannot draw a definitive

conclusion regarding the impact of steroids on wound

healing and lymphoceles.

Several studies have evaluated risk factors for impaired

wound healing. Knight et al. [58] conducted a retrospec-

tive review of wound complications in kidney transplan-

tation. They found that older recipient age, obesity,

Caucasian race, thymoglobulin induction and cumulative

use of at least 35 mg sirolimus within 4 days post-trans-

plant were independent risk factors for wound complica-

tions, which also included lymphoceles. Flechner et al.

[59] divided a cohort of 513 consecutive patients into

three groups according to their immunosuppression.

Multivariate analysis showed that body mass index (BMI)

and delayed graft function were risk factors for wound

complications. Tiong et al. [60] aimed to develop a sys-

tematic approach to reduce wound complications in sirol-

imus-treated kidney transplant recipients. They concluded

that for wound complications or wound complications

needing surgery, a BMI > 32 was the strongest indepen-

dent predictor. For lymphocele formation and lymphoce-

les needing treatment, a BMI > 32 and acute rejection

were independent risk factors. Thus, even though none of

these risk factors were identified from randomized con-

trolled trials, these studies indicate that patient character-

istics could also contribute to wound complications and

lymphocele formation.

In conclusion, immediate use of mTOR inhibitors leads

to a higher incidence of wound complications and lym-

phoceles. Therefore, mTOR inhibitors should be avoided

in the first few months after transplantation.
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