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Introduction

Donor nephrectomy for living donor kidney transplan-

tation has been performed for years using the tradi-

tional, standard open (SODN) approach. In 1995,

Ratner et al. [1] reported the first laparoscopic donor

nephrectomy (LDN). Since then, other methods have

been developed including mini-open donor nephrectomy

(MODN).

Donor nephrectomy is an unusual procedure as it is

performed on healthy individuals with the sole purpose

of benefiting others. As such, it is vital that any technique

implemented must be safe and acceptable to the donor.

The living donor pool is crucial as deceased donor organs

do not meet the current level of recipient need [2] and

pose problems with delay to transplantation [2,3].

Laparoscopy was introduced to reduce postoperative

pain, hospital stay, length of time to return to work and

increase patient satisfaction [4–6]. However, this technique

has developed concerns including the possible adverse

effects of the pneumoperitoneum on the blood supply to

the cortex of the kidney, the cost implications to the surgi-

cal center and the need for laparoscopically trained sur-

geons. In response, the MODN technique has been

developed with the hope of maintaining the advantages of

laparoscopy whilst eliminating some of the problems.

There is a limited amount of literature available evaluat-

ing MODN and only one randomized controlled trial

(RCT) [7]. It is important that this new method is properly

compared with the well-established techniques of SODN

and LDN to ensure that it does indeed provide advantages

without any adverse effects to either donor or recipient.
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Summary

Mini-open donor nephrectomy (MODN) potentially combines advantages of

standard open (SODN) and laparoscopic techniques (LDN). This article is a

comparison of these techniques. A literature search was performed for studies

comparing MODN with SODN or LDN. Nine studies met our selection crite-

ria. Of the 1038 patients, 433 (42%) underwent MODN, 389 (37%) SODN and

216 (21%) LDN. MODN versus SODN: Operative time (P = 0.17), warm ische-

mia time (P = 0.20) and blood loss (P = 0.30) were not significantly different.

Hospital stay and time to return to work were shorter for MODN by 1.67 days

(P < 0.001) and 5 weeks (P = 0.03). Analgesia requirement and overall compli-

cations were less in the MODN group (P < 0.001) and (P = 0.03). Ureteric

complications (P = 0.21) and 1-year graft survival (P = 0.28) were not signifi-

cantly different. MODN versus LDN: Operative and warm ischemia times were

significantly shorter for the MODN by 55 min (P = 0.005) and 147 s

(P < 0.001). Analgesia requirement was greater for the MODN group by

9.62 mEq morphine (P = 0.04). No significant differences were found for

blood loss (P = 0.8), hospital stay (P = 0.35), donor complications (P = 0.40)

or ureteric complications (P = 0.83). MODN appears to provide advantages for

the donor in comparison to SODN and also has a shorter operative time when

compared with the LDN.
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This study aims to use meta-analytic techniques to

compare MODN with both SODN and LDN with regards

to operative and postoperative parameters for the donor

and recipient graft function.

Methods

Study selection

A Medline and Cochrane database search was performed

for studies between 1980 and September 2007. Mesh

search headings used were: ‘mini incision’, minimal inci-

sion’, ‘mini-open’, ‘laparoscopy’, ‘nephrectomy’, ‘renal’,

‘transplant’, ‘donor outcomes’, ‘recipient outcomes’, ‘met-

analysis’ and ‘comparative study’. The above terms, and

their combinations were also searched as text-words. All

abstracts, studies, and citations scanned were reviewed.

References of the articles acquired were also searched

manually for further relevant studies. The latest eligible

study for the above search period was 29th of July 2006.

Data extraction

Two reviewers (DA and TN) both reviewed the selected

studies and independently extracted the year of publica-

tion, first author, study design, study population charac-

teristics, inclusion and exclusion criteria, and number of

subjects undergoing each type of operation. Where dis-

crepancies arose, papers were re-examined and consensus

was reached by discussion.

Inclusion criteria

Studies were included only if they fulfilled the following

criteria: (i) they were comparative studies comparing

MODN to SODN or LDN and (ii) they included at least

one outcome of interest to our study.

MODN was defined as a procedure using an incision

of <15 cm in length (Table 1) anterior to the eleventh or

twelfth rib without rib resection and using a retroperito-

neal approach. SODN was defined as a retroperitoneal

procedure performed via a long flank incision with the

patient in the lateral decubitus position. Rib resection was

performed in some cases as necessary. LDN used a non-

hand-assisted transperitoneal approach with kidney

extraction via either a pfannensteil or right upper quad-

rant incision of around 6–8 cm depending on the side of

kidney being removed. Kidney retrieval was achieved

using an Endocatch bag.

Outcomes of interest

The following outcome data was extracted from the stud-

ies:

1 Donor operative parameters. Operative time (min),

warm ischemic time (s), and estimated blood loss (ml).

2 Donor postoperative parameters. Total in-patient anal-

gesia requirement (milligram equivalent of morphine),

hospital stay (days) and time to return to work (weeks).

3 Donor adverse events. Donor complications were split

into (i) overall number of complications, (ii) intra-opera-

tive complications occurring during surgery such as organ

or vessel injury, and (iii) postoperative complications.

Postoperative complications were further split into

in-patient and long-term complications defined as com-

plications occurring posthospital discharge. A complica-

tion was defined as any event causing patient morbidity.

More specifically, rates of bleeding, blood transfusion,

re-operation and incisional hernias/wound bulging were

extracted. The available data were insufficient for the

purpose of comparing for more specific donor complica-

tions or rates of re-admission.

4 Recipient and graft parameters. One-year recipient and

graft survival rates, delayed graft function and ureteric

leaks, strictures and total complications.

Statistical analysis

The meta-analysis was performed in line with recommen-

dations from the Cochrane Collaboration and the Quality

of Reporting of Meta-analyses guidelines [8,9]. Statistical

analysis of dichotomous variables was carried out using

odds ratio (OR) as the summary statistic, while continuous

variables such as operative time or length of stay, were ana-

lyzed using the weighted mean difference (WMD), both

were reported with 95% confidence intervals (CI). Odds

ratios represent the odds of an adverse event occurring in

the mini-incision group compared with the control group

while WMDs summarizes the differences between the two

groups with respect to continuous variables, accounting for

sample size. For studies that presented continuous data as

means and range values, the standard deviations (SD) were

calculated using statistical algorithms [10]. An odds ratio

of <1 favors the MODN group and the point estimate of

the odds ratio is considered to be statistically significant at

the P < 0.05 level if the 95% CI does not include the value

1. In the tabulation of the results, squares indicate the point

estimates of the treatment effect (OR, WMD) with 95% CI

indicated by horizontal bars. The diamond represents the

summary estimate from the pooled studies with 95% CI.

The Mantel–Haenszel method was used to combine the

odds ratios for the outcomes of interest using a ‘random

effect’ meta-analytic technique. In a random effect model,

it is assumed that there is variation between studies and

the calculated odds ratio, thus the latter has a more

conservative value [11,12]. The random effect model is

preferable when meta-analytic techniques are used in
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surgical research as for a given surgical technique each

center has its own patient selection criteria. Yate’s correc-

tion was used for those studies that contained a zero in

one cell for the number of events of interest in one of the

two groups [13,14].

The quality of the studies was assessed by using the

Newcastle–Ottawa Scale (NOS) with some modifications

to match the needs of this study [15]. The quality of the

studies was evaluated by examining three factors: method

of patient selection, comparability of the study groups

and number of outcomes reported. A star rating of zero

to nine was allocated to each study based on these

parameters. The NOS is not validated for RCTs; accord-

ingly, it was applied only to nonrandomized studies. On

the whole, RCTs provide the highest quality methodology;

accordingly, unless there was any doubt, randomized tri-

als were included as high-quality studies.

Heterogeneity was assessed by two methods. First,

graphical exploration with funnel plots was used to evalu-

ate publication bias [12,16]. Sensitivity analysis was

undertaken using studies of high quality and those

reporting on more than 50 patients in the MODN group.

Heterogeneity was analyzed using a Chi-squared test.

Analysis was conducted by using Review Manager Ver-

sion 4.2 (The Cochrane Collaboration, Software Update,

Oxford).

Results

Eligible studies

The literature search found over 150 potential papers of

which 52, published between 1994 and 2007, fitted selec-

tion criteria. Several had to be omitted because of the

lack of a comparative group [17–26], or because on fur-

ther inspection, the article did not clearly include patients

who underwent MODN. [27–37]. Two papers were

excluded because the control groups were drawn from

results in the literature from other institutions [38,39].

Three papers had to be excluded because the references

did not correspond to the journal articles cited and

despite thorough database searches no similar articles

could be found [40–42]. Studies were excluded that com-

pared different forms of mini-incision nephrectomy with-

out open or laparoscopic control [43], that contained

unusable data [44–47] or that were not confined to

nephrectomy solely for kidney donation [48,49]. Two

cited articles were excluded as they were letters in

response to another paper [50,51]. In papers with case

overlap the ones with the best methodology and larger

numbers of patients were used [7,52–57]. For example,

both references [7] and [56] are based on patients from

the same institutions for the same time period. Where

possible, the RCT has been used for data collection except

in the instances where it did not report an outcome when

the alternative was used, in no situation was data from

both studies combined. Five studies were excluded

because they used a gasless laparoscopic technique [58–

62]. No studies were excluded based on language alone.

Study characteristics and matching criteria

Nine studies finally fulfilled the inclusion criteria and they

are summarized in Table 1. In total, 1038 patients were

analyzed of which 433 (42%) underwent MODN, 389

(37%) SODN and 216 (21%) LDN.

The incidence of conversion to open procedure was

poorly reported in the LDN group. Overall, it was 1.6%

from all studies reporting it. Left kidneys were predomi-

nantly retrieved by all techniques while 40%, 36% and

39% of patients donated their right kidney in MODN,

SODN and LDN groups respectively for studies including

this parameter.

The studies included one RCT [7], four prospective

comparisons [54,56,63,64] and one study with prospective

data collection in the MODN group but with a retrospec-

tive control group [65]. The other three studies were all

retrospective [66–68].

In all but two of the included studies, MODN was per-

formed via a flank incision, in the remainder an anterior

approach was used [54,68]. All cases of MODN were per-

formed retroperitoneally. SODN was performed via a

flank incision in all cases using a retroperitoneal

approach. In four studies, rib resection was required [63–

65,67] but in one study [64] in only 30% of the patients.

LDN was performed via a transperitoneal, nonhand-

assisted technique in all cases.

MODN versus SODN

Intra-operative parameters

Operative time was not significantly different between the

groups (WMD: 8.52 min; 95% CI: )3.52, 20.57 min;

P = 0.17), neither was warm ischemic time (WMD:

)8.19 s; 95% CI: )20.68, 4.29 s; P = 0.20), estimated

blood loss (WMD; )231.13 ml; 95% CI: )667.2,

205.01 ml; P = 0.30), or intra-operative complications

(OR: 0.91; 95% CI: 0.02, 41.62; P = 0.96).

Postoperative parameters

Hospital stay (Fig. 1) and time to return to work were sig-

nificantly shorter for the MODN group by 1.67 days (95%

CI: )2.35, )0.99 days; P < 0.001) and 5 weeks (95% CI:

)9.38, )0.62 weeks; P = 0.03) respectively. The amount of

inpatient analgesia used was significantly less in the

MODN group by 96 mEq of morphine (95% CI: )149.81,

)42.19 mEq; P < 0.001). Total postoperative complica-

Mini-open versus standard open and laparoscopic living donor nephrectomy Antcliffe et al.
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tions were significantly fewer in the MODN group (OR:

0.47; 95% CI: 0.24, 0.93; P = 0.03) (Fig. 2) as was the fre-

quency of incisional hernia and wound bulging (OR: 0.26;

95% CI: 0.08, 0.87; P = 0.03). When they were broken

down into early and late complications, there were no sig-

nificant differences. There was no difference in the rates of

bleeding, transfusion, or re-operation (Table 2).

Recipient parameters

Limited data were available to perform good meta-analytic

comparisons for these parameters but there were no differ-

ences in rates of total ureteric complications or ureteric

strictures. Data were available from only one study for

rates of ureteric leak, delayed graft function, and 1-year

recipient survival. However, the data available suggest no

significant differences in these parameters (Table 2).

MODN versus LDN

Intra-operative parameters

Mini-open donor nephrectomy had a significantly shorter

operative time (Fig. 3) by 55 min when compared with

LDN (95% CI: )93.46, )16.36 min; P = 0.005) and a

significantly shorter warm ischemic time by 147 s (95%

CI: )205.10, )88.23 s; P < 0.001). The difference in blood

loss between the procedures was insignificant (WMD:

27.16 ml; 95% CI: )188.37, 242.68 ml; P = 0.80) as were

the rates of intra-operative complications (OR: 0.47; 95%

CI: 0.11, 1.99; P = 0.30).

Postoperative parameters

There was no significant difference in any of the postopera-

tive parameters including length of hospital stay and time

to return to work (Table 3). Total quantity of analgesia

used was significantly less in the LDN group by 9.6 mEq of

morphine (95% CI: 0.36, 18.87 mEq; P = 0.04). Donor

complication rates were not significantly different for the

two techniques, either overall or whilst in hospital. Simi-

larly no significant differences were seen in rates of bleed-

ing, re-operation or transfusion (Table 3).

Recipient parameters

Rates of total ureteric complications and strictures were

not significantly different between the two groups (OR:

0.90; 95% CI: 0.36, 2.25; P = 0.83) and (OR: 1.17; 95%

CI: 0.49, 2.82; P = 0.72) respectively. Delayed graft

Figure 1 Forrest plot of MODN versus SODN for hospital stay. WMD, weighted mean difference; CI, confidence interval; SD, standard deviations.

Test for heterogeneity, Chi-squared test with its degrees of freedom (d.f.) and P-value. Inconsistency among results: I2. Test for overall effect:

Z-statistic with P-value.

Figure 2 Forrest plot of MODN versus SODN for total donor complications. OR, odds ratio; CI, confidence interval; SD, standard deviations. Test

for heterogeneity, Chi-squared test with its degrees of freedom (d.f.) and P-value. Inconsistency among results: I2. Test for overall effect: Z-statistic

with P-value.
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function, 1-year patient and graft survival rates were also

similar between the two groups (Table 3).

Sensitivity analysis

Sensitivity analysis was conducted for (i) five studies

with 50 or more cases of MODN and (ii) six high-

quality studies with a score of five or more stars

(Table 1). Sensitivity analysis was used to try to elimi-

nate bias caused by the poorest quality studies.

Although there is only one RCT and, hence only one

study of the highest quality, we used the star rating

system to establish the best quality studies of those

available to us.

Table 2. Comparison of MODN versus SODN.

Outcome of interest

No.

studies

No.

patients

Outcome by

group %

(MODN, SODN) OR/WMD* 95% CI P-value HG v2

HG

P-value

Donor operative parameters

Operative time (min) 4 452 – 8.52* )3.52, 20.57 0.17 11.04 0.01

Warm ischemic time (s) 4 382 – )8.19* )20.68, 4.29 0.20 4.08 0.25

Operative blood loss (ml) 2 186 – )231.13* )667.28, 205.01 0.30 2.25 0.13

Donor postoperative parameters

Hospital stay (days) 7 671 – )1.67* )2.35, )0.99 <0.001 60.83 <0.001

Time to return to work (weeks) 1 40 – )5.00* )9.38, )0.62 0.03 – –

Total in-patient analgesia

(mEq of morphine)

1 40 – )96.00* )149.81, )42.19 <0.001 – –

Donor adverse events

Overall complications 5 510 14.5, 26.5 0.47 0.24, 0.93 0.03 6.64 0.16

Bleeding 4 452 3.3, 2.2 1.35 0.38, 4.74 0.64 3.23 0.36

No. patients requiring re-operation 3 306 1.6, 2.2 0.74 0.18, 3.09 0.68 0.79 0.67

No. patients requiring transfusion 4 452 1.6, 1.1 1.31 0.29, 5.86 0.73 1.29 0.73

Total intra-operative complications 2 204 4.8, 3.0 0.91 0.02, 41.62 0.96 5.26 0.02

In-hospital postoperative

complications

5 510 11.0, 12.1 0.76 0.42, 1.39 0.38 1.68 0.79

Long-term postoperative

complications

3 412 1.8, 15.3 0.20 0.02, 1.55 0.12 4.56 0.10

Incisional hernias/wound bulging 4 493 1.7, 7.6 0.26 0.08, 0.87 0.03 2.27 0.52

Graft/recipient complications

Total/unspecified ureteric

complications

2 236 7.9, 4.1 2.03 0.67, 6.12 0.21 0.08 0.78

Ureteric stricture 2 236 1.1, 1.4 0.99 0.11, 9.21 1.00 0.91 0.34

Ureteric leak 1 196 8.7, 3.2 2.93 0.80, 10.76 0.11 – –

Delayed graft function 1 111 3.4, 2.4 1.43 0.12, 16.37 0.77 – –

1-year graft survival (%) 2 236 100, 97.3 5.06 0.27, 95.47 0.28 – –

1-year recipient survival (%) 1 196 100, 99.2 1.65 0.07, 41.00 0.76 – –

OR, odds ratio; WMD*, weighted mean difference; HG, heterogeneity between studies; CI, confidence interval; MODN, mini-open donor nephrec-

tomy; SODN, standard open donor nephrectomy.

Statistically significant results are shown in bold.

Figure 3 Forrest plot of MODN versus LDN for operative time. WMD, weighted mean difference; CI, confidence interval; SD, standard deviations.

Test for heterogeneity, Chi-squared test with its degrees of freedom (d.f.) and P-value. Inconsistency among results: I2. Test for overall effect:

Z-statistic with P-value.
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MODN versus SODN

Sensitivity analysis of high-quality studies showed that

operative time was significantly different favoring SODN

by 13 min (95% CI: 0.57, 25.82 min; P = 0.04). The

duration of warm ischemic time became significantly

shorter for the MODN group both when studies with

more than 50 MODN cases (18.7 s; 95% CI: )33.48,

)3.91 s; P = 0.01) and more than five stars were exam-

ined (17.6 s; 95% CI: )31.92, )3.25 s; P = 0.02). Postop-

eratively, long-term donor complications became

significant in favor of MODN when studies with more

then 50 patients in the MODN group (OR: 0.08; 95% CI:

0.02, 0.33; P < 0.001) and higher quality studies (OR:

0.08; 95% CI: 0.02, 0.33; P < 0.001) were examined.

Although overall complication rates had favored MODN

in the initial analysis, this failed to remain the case in any

sensitivity analysis. All other parameters remained similar

to the initial analysis. On the whole, the degree of

heterogeneity fell or remained the same, except for overall

donor complications, where heterogeneity became

significant.

MODN versus LDN

On the whole, there was little change in the significant

parameters with sensitivity analysis for the MODN

versus LDN. However, the degree of blood loss became

significantly greater for MODN when larger

studies were reviewed (95% CI: 3.31, 276.69 ml;

P = 0.04), but only by 140 ml. With studies gaining

five or more stars hospital stay (95% CI: 0.64,

1.68 days; P < 0.001) became significant in favor of the

LDN group by 1.16 days. Total quantity of analgesia

fell out of significance when studies with more than 50

cases of MODN were examined. Heterogeneity

remained the same or decreased with all sensitivity

analyses.

Table 3. Comparison of MODN versus LDN.

Outcome of interest

No.

studies

No.

patients

Outcome by

group %

(MODN, LDN) OR/WMD* 95% CI P-value HG v2

HG

P-value

Donor operative parameters

Operative time (min) 3 240 – )54.91* )93.46, )16.36 0.005 36.66 <0.001

Warm ischemic time (s) 2 140 – )146.66* )205.10, )88.23 <0.001 3.21 0.07

Operative blood loss (ml) 2 140 – 27.16* )188.37, 242.68 0.80 5.71 0.02

Donor postoperative parameters

Hospital stay (days) 5 341 – 0.40* )0.14, 0.94 0.15 33.75 <0.001

Time to return to work (weeks) 1 40 – 2.00* )0.77, 4.77 0.16 – –

Total in-patient analgesia

(mEq of morphine)

2 140 – 9.62* 0.36, 18.87 0.04 0.15 0.70

Donor adverse events

Overall complications 2 140 18.6, 24.3 0.70 0.30, 1.62 0.40 0.09 0.76

Bleeding 2 140 4.2, 4.3 0.96 0.18, 4.99 0.96 – –

No. patients requiring re-operation 2 151 0, 1.4 0.24 0.01, 6.26 0.39 – –

No. patients requiring transfusion 2 140 1.4, 1.4 1.00 0.10, 9.93 1.00 0.94 0.33

Total intra-operative complications 1 100 6.0, 12.0 0.47 0.11, 1.99 0.30 – –

In-hospital postoperative

complications

2 140 14.3, 15.7 0.88 0.32, 2.41 0.80 0.04 0.84

Long-term postoperative

complications

– – – – – – – –

Incisional hernias/wound bulging 2 140 2.8, 2.9 0.93 0.13, 6.53 0.94 0.84 0.36

Graft/recipient complications

Total/unspecified ureteric

complications

2 140 15.7, 17.1 0.90 0.36, 2.25 0.83 0.30 0.58

Ureteric stricture 2 140 19.7, 17.4 1.17 0.49, 2.82 0.72 0.58 0.44

Ureteric leak – – – – – – – –

Delayed graft function 3 191 1.0, 1.1 0.75 0.04, 12.70 0.84 – –

1-year graft survival (%) 2 137 98.6, 98.5 1.01 0.10, 10.03 0.99 0.92 0.34

1-year recipient survival (%) 1 100 98, 96 2.04 0.18, 23.27 0.57 – –

OR, odds ratio; WMD*, weighted mean difference; HG, heterogeneity between studies; CI, confidence interval; MODN, mini-open donor nephrec-

tomy; LDN, laparoscopy donor nephrectomy.

Statistically significant results are shown in bold.
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Publication bias

Funnel plot analysis was used in an attempt to detect

publication bias. Both the symmetry and distribution of

the dots around the mid point are of significance when

evaluating these plots. Evaluation was often limited

because of the available numbers of studies. Where mean-

ingful analysis was possible, publication bias was sug-

gested for hospital stay, total donor complications and

postoperative in hospital complications for MODN versus

SODN and operative time for MODN versus LDN. Sensi-

tivity analysis aimed to reduce this bias (Fig. 4).

Discussion

This study provides the first attempt to analyze the pub-

lished literature comparing MODN with SODN and LDN

techniques. MODN appears to combine benefits from

both SODN and LDN. When compared with SODN, hos-

pital stay and time to return to work were significantly

shorter but with no prolongation of the operation or the

warm ischemia time. Also, the incidence of incisional

hernias and wound bulging appears less in the MODN

group. There may also be a reduction in the rate of over-

all complications and the amount of postoperative analge-

sia required in the MODN group. Sensitivity analysis

suggests that although immediate complications are simi-

lar, MODN may reduce long-term complications.

When compared with LDN, MODN provides consis-

tently shorter operation and warm ischemic times but

with a greater total quantity of analgesia required. It is

noted that the warm ischemia time for LDN reported in

these studies is greater than that seen elsewhere in the lit-

erature and this, along with a difference of only 150 s

between MODN and LDN, throws doubt on either the

reality or relevance of this finding. There is a suggestion

arising out of sensitivity analysis that there may be more

blood loss and longer hospital stay associated with the

MODN. However, in all cases, the sensitivity analysis is

based on only a few studies and the differences are rela-

tively small, for example only a 140 ml blood loss, and

may not be of real clinical significance.

Unfortunately, very limited data are available for the

assessment of graft recipient parameters. This study sug-

gests that there is no difference between techniques with

regard to graft function; however, with present data, firm

conclusions cannot be drawn. This is obviously a signifi-

cant deficiency in the literature as although it is clearly

important to provide a procedure that is acceptable for

the donor, it is also vital that it does not have a negative

effect on long-term graft survival and function.

It is important to recognize that, whilst the acceptability

of a procedure and the outcomes for the patients concerned

are of great interest, the choice to use a technique is often

based on other factors. In this case economic implications

are of interest. LDN is inherently expensive and MODN

may provide a more economically viable alternative espe-

cially for developing countries where laparoscopic equip-

ment may be unaffordable or not as readily available

[56,64,67]. Similarly the apparently shorter time to return

to work of MODN when compared with SODN has eco-

nomic implications with less sick leave and greater produc-

tivity. The included studies were performed in different

continents, America, Europe and Asia. The different socio-

economic conditions of these continents may have had a

direct effect on some of the donor outcomes. For example,

depending on methods in place for healthcare funding,

there may be a propensity for longer or shorter durations

of hospital stay, this may account for the significant degree

of heterogeneity seen with this variable (Tables 2 and 3).

These differences need to be taken into account when the

results of this meta-analysis are considered.

Also of importance is the perceived cosmesis of each

procedure. This was not directly addressed in this study

but it may be that the single short incision of MODN has

better cosmetic results than the long incision of SODN or

(a) 

(b) 

Figure 4 Funnel plots showing MODN versus SODN for hospital stay

before (a) and after (b) sensitivity analysis of good quality studies.

WMD, weighted mean difference. SE (effect estimate) versus effect

estimate for each study under the outcome. Studies are marked by a

dot. 95% CI lines.
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the multiple incisions, including the kidney extraction

incision, of LDN.

Many of the studies compared their initial experience

with MODN. It has been demonstrated that a learning

curve is present when new techniques are introduced

[69–73] with operative time and warm ischemia time fall-

ing with experience. It may be expected that the same

would apply to MODN and that with experience greater

advantages of this technique may be seen. The heteroge-

neity seen with operative time may reflect different cen-

ters’ experience with these techniques.

An inherent problem in this analysis is the variability

of surgical techniques employed. Subtle differences in the

techniques for LDN and SODN exist and are difficult to

control for, however these tend to be relatively minor and

are probably not of clinical significance. Most studies

used a flank incision for MODN but two utilized an ante-

rior vertical incision. Because of data limitations, these

were analyzed together as MODN. We have no reason to

believe that the position of the incision would greatly

affect the outcome of the operation although there

appears to be no data comparing these two approaches.

The SODN were all performed via flank incisions but in

some patients rib resection was required. It is easy to

imagine that in patients requiring rib resection the

amount of postoperative pain and hence analgesia use

may be increased, possibly accounting for the degree of

difference seen with this variable. Terms such as operative

time and warm ischemic time were not always clearly

defined and inequalities in definition may introduce a

certain degree of error into the study.

Publication bias is inherent in this type of investiga-

tion. Every effort was made to reduce this and heteroge-

neity with sensitivity analysis. However, this often led to

very small numbers of studies being combined, in some

cases only leaving a single study, making meaningful

meta-analysis impossible and representing only a sum-

mary of available literature. Heterogeneity was small for

most of the dichotomous outcomes examined in this

analysis, however, it was more marked for all of the con-

tinuous variables examined such as operative time, length

of stay and blood loss. This may represent a much greater

spread of results when a continuous variable is examined.

In some cases, it is difficult to establish the reasons

behind the degree of heterogeneity because of a lack of

reporting within the original studies, it may represent

variability in inclusion and exclusion criteria or the expe-

rience of different centers. For most variables, the hetero-

geneity failed to reach statistical significance, and where it

did, heterogeneity was generally reduced when sensitivity

analysis could be applied.

This meta-analysis, largely of nonrandomized studies,

has several limitations. The role and strength of meta-

analytic techniques in this setting has been a source of

extensive debate. It should be taken into account that this

study is limited by the quality and number of the papers

available. The studies available were few, only one was a

RCT and very few studies revealed their inclusion or

exclusion criteria (Table 1). Many of the parameters of

interest were investigated by only one or two studies

hampering the extent of the meta-analysis; this was espe-

cially the case when MODN was compared with LDN.

Publication, selection and reporting bias may all con-

found the results. Significant adverse outcomes may not

be published in the literature and would therefore also be

missing from any meta-analysis in this area. In this study,

we have taken every care to exclude or take into account

all of these factors. It is of interest that this meta-analysis

has produced findings that conflict with those found in

the only RCT comparing MODN to LDN. Kok et al. [7]

found significantly shorter operating time and warm

ischemic time as found in the meta-analysis, however,

they also report greater blood loss, morphine requirement

and hospital stay in the MODN group. Similar results

were not found in the meta-analysis, although on

sensitivity analysis some of these trends emerged.

These differences may be accounted for in the methodo-

logical problems with meta-analysis as outlined and the

hospital stay data may reflect socio-economic differences

between countries that, when combined, clouds any

difference between techniques. To this end, it may be

argued that the results of the randomized trial are not

applicable to populations outside that in which it was

conducted. Although a greater volume of blood loss was

seen in the MODN group, the only transfusion recorded

is given in the laparoscopy group and it appears that

three out of 50 patients in both groups had bleeding

complications.

It is recognized that a meta-analysis of well-conducted

RCTs is superior to that of retrospective data. Ideally, we

would have performed sensitivity analysis using a group

of RCTs, prospective studies and retrospective studies

separately to attempt to delineate any errors introduced

by combining these studies, however, the small number

of studies available precluded this.

This study is by no means conclusive; however, it pro-

vides the most comprehensive analysis of the available

data and highlights the possible advantages to the donor

of MODN. It also serves to illustrate the need for more

detailed studies especially in the form of RCTs and stud-

ies examining recipient outcomes.

Conclusion

Mini-open donor nephrectomy appears to provide post-

operative advantages for the donor in comparison to
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SODN and also has a shorter operative time when com-

pared with the LDN. Further studies with larger series of

patients who underwent MODN will be needed to con-

firm those results.

Authorship

DA, TGN: responsible for study design, data collection

and analysis, and drafting the article. AWD, PPT, VEP:

contributed to the design of the study, provided statistical

support and advice, and contributed to drafting the arti-

cle. VEP: guarantor.

Funding

No funding was required for this study.

References

1. Ratner LE, Ciseck LJ, Moore RG, Cigarroa FG, Kaufman

HS, Kavoussi LR. Laparoscopic live donor nephrectomy.

Transplantation 1995; 60: 1047.

2. United Network for Organ Sharing (UNOS). 1996 Annual

Report of the U.S Scientific Registry of Transplant

Recipients and the Organ Procurement and Transplantation

Network: Transplant Data: 1988–1995. Richmond, VA:

UNOS, 1996.

3. Harper AM, Taranto SE, Edwards EB. The OPTN waiting

list, 1988–2001. In: Cecka JM, Teasaki PI, eds. Clinical

Transplantation. Los Angeles: UCLA Tissue Typical Labo-

ratory, 2002: 79–92.

4. Tooher RL, Rao MM, Scott DF, et al. A systematic review

of laparoscopic live-donor nephrectomy. Transplantation

2004; 78: 404.

5. Merlin TL, Scott DF, Rao MM, et al. The safety and effi-

cacy of laparoscopic live donor nephrectomy: a systematic

review. Transplantation 2000; 70: 1659.

6. Nogueira JM, Cangro CB, Fink JC, et al. A comparison of

recipient renal outcomes with laparoscopic versus open

live donor nephrectomy. Transplantation 1999; 67: 722.

7. Kok NF, Lind MY, Hansson BM, et al. Comparison of

laparoscopic and mini incision open donor nephrectomy:

single blind, randomized controlled clinical trial. BMJ

2006; 333: 221.

8. Clarke M, Horton R. Bringing it all together: Lancet-

Cochrane collaborate on systematic reviews. Lancet 2001;

357: 1728.

9. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of

observational studies in epidemiology: a proposal for

reporting. Meta-analysis of observational studies in epide-

miology (MOOSE) group. JAMA 2000; 283: 2008.

10. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and

variance from the median, range, and size of a sample.

BMC Med Res Methodol 2005; 5: 13.

11. DerSimonian R, Laird N. Meta-analysis in clinical trials.

Control Clin Trials 1986; 7: 177.

12. Egger M, Davey Smith G, Schneider M, Minder C. Bias in

meta-analysis detected by a simple, graphical test. BMJ

1997; 315: 629.

13. Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta block-

ade during and after myocardial infarction: an overview of

the randomized trials. Prog Cardiovasc Dis 1985; 27: 335.

14. Mantel N, Haenszel W. Statistical aspects of the analysis of

data from retrospective studies of disease. J Natl Cancer

Inst 1959; 22: 719.

15. Athanasiou T, Al-Ruzzeh S, Kumar P, et al. Off-pump myo-

cardial revascularization is associated with less incidence of

stroke in elderly patients. Ann Thorac Surg 2004; 77: 745.

16. Egger M, Smith GD. Misleading meta-analysis. BMJ 1995;

311: 753.

17. Melcher ML, Carter JT, Posselt A, et al. More than 500

consecutive laparoscopic donor nephrectomies without

conversion or repeated surgery. Arch Surg 2005; 140: 835.

18. Salgado OJ, Chacon RE, Urdaneta B, Rosales BC, Garcia

R. Complications of minimal incision open nephrectomy

in living donors. Nephrol Dial Transplant 2005; 20: 1772.

19. Suzuki K, Ushiyama T, Ishikawa A, et al. Clinical experi-

ence with laparoscopy-assisted live donor nephrectomy.

Hippon Hinyokika Gakkai Zasshi 1996; 87: 748.

20. Schnitzbauer AA, Loss M, Hornung M, et al. Pararectal

mini-incision for strictly retroperitoneal nephrectomy in

living kidney donation. Urologe A 2006; 45: 1170.

21. Shenoy S, Lowell JA, Ramachandran A, Jendrisak M. The

ideal living donor nephrectomy ‘‘mini-nephrectomy’’

through a posterior transcostal approach. J Am Coll Surg

2002; 194: 240.

22. Hemal AK, Singh I. Minimally invasive retroperitoneo-

scopic live donor nephrectomy: point of technique. Surg

Laparosc Endosc Percutan Tech 2001; 11: 341.

23. Yang SC, Rha KH, Kim YS, Kim SI, Park K. Retroperiton-

eoscopy-assisted living donor nephrectomy: 109 cases.

Transplant Proc 2001; 33: 1104.

24. Yang SC, Park DS, Lee DH, Lee JM, Park K. Retroperito-

neal endoscopic live donor nephrectomy: report of 3 cases.

J Urol 1995; 153: 1884.

25. Jones KW, Peters TG, Walker GW. Anterior-retroperito-

neal living donor nephrectomy: techniques and outcomes.

Am Surg 1999; 65: 197.

26. Repassy DL, Frang D, Kopa Z, Jako GJ. Retractorscopic

nephrectomy: initial report. Int Urol Nephrol 1996; 28: 465.

27. Kumar A, Dubey D, Gogoi S, Arvind NK. Laparoscopy-

assisted live donor nephrectomy; A modified cost-effective

approach for developing countries. J Endourol 2002; 16: 155.

28. Lind MY, Liem YS, Bemelman WA, et al. Live donor

nephrectomy and return to work: does the operative

tequnique matter? Surg Endosc 2003; 17: 591.

29. Iinuma M, Satoh S, Tsuchiya N, et al. Retroperitoneo-

scopic hand-assisted nephrectomy for live donor: Akita

Mini-open versus standard open and laparoscopic living donor nephrectomy Antcliffe et al.

ª 2009 The Authors

472 Journal compilation ª 2009 European Society for Organ Transplantation 22 (2009) 463–474



University experience. Nippon Hinyokika Gakkai Zasshi

2002; 93: 721.

30. Bayazit Y, Aridogan IA, Tansug Z, Unsal I, Erken U.

Morbidity of flank incision in 100 renal donors. Int Urol

Nephrol 2001; 32: 709.

31. Ottelin MC, Bueschen AJ, Lloyd LK, Joseph DB, Diethelm

AG, Burns JR. Review of 333 living donor nephrectomies.

South Med J 1994; 87: 61.

32. Peyromaure M, Cappele O, Desgrandchamps F, et al.

Kidney harvesting in living donors with manually assisted

laparoscopy; technique and results. Prog Urol 2000; 10:

1127.

33. Borer JG, Cisek LJ, Atala A, Diamond DA, Retik AB,

Peters CA. Pediatric retroperitoneoscopic nephrectomy

using 2 mm instrumentation. J Urol 1999; 162: 1725.

34. Hoznek A, Olsson LE, Salomon L, et al. Retroperitoneal

laparoscopic living –donor nephrectomy. Preliminary

results. Eur Urol 2001; 40: 614.

35. Ratner LE, Kavoussi LR, Sroka M, et al. Laparoscopic

assisted live donor nephrectomy: a comparison with the

open approach. Transplantation 1997; 63: 229.

36. Montgomery RA, Kavoussi LR, Su L, et al. Improved reci-

pient results after 5 years of performing laparoscopic

donor nephrectomy. Transplant Proc 2001; 33: 1108.

37. Redman JF. An anterior extraperitoneal incision for

donor nephrectomy that spares the rectus abdominis

muscle and anterior abdominal wall nerves. J Urol 2000;

164: 1898.

38. Greenstein MA, Harkaway R, Badosa F, Ginsberg P, Yang

SL. Minimal incision living donor nephrectomy compared

to the hand-assisted laparoscopic living donor nephrec-

tomy. World J Urol 2003; 20: 356.

39. Mital D, Coogan CL, Jensik SC. Microinvasive donor

nephrectomy. Transplant Proc 2003; 35: 835.

40. Kumar A, Zaman W, Srivastava A, Tripathi DM. A pro-

spective comparison of three techniques of live donor

nephrectomy: can mini flank incision be an alternative to

laparoscopic surgery. J Urol 2002; 167: 21.

41. Smith JA Jr. Anterior extra peritoneal approach for living

donor nephrectomy. Contemp Urol 1992; 4: 12.

42. Yang SC, Ryu JK, Kha KH. Gasless laparoscopy-assisted

extraperitoneal surgery in urology. J Endourol 1996; 10:

186.

43. Srivastava A, Tripathi DM, Zaman W, Kumar A. Subcostal

versus transcostal mini donor nephrectomy: is rib resection

responsible for pain related donor morbidity. J Urol 2003;

170: 738.

44. Kok NFM, Alwayn IPJ, Hansson BME, et al. A blinded,

multicenter, randomized controlled trial of laparoscopic

versus mini-incision open donor nephrectomy. American

Journal of Transplantation 2006; 6(S2): 450 Abs 1138.

45. Nicholson ML, Brook NR, Elwell R, et al. Randomised

controlled trial of open versus laparoscopic live donor

nephrectomy. American Journal of Transplantation 2006;

6(S2): 798 Abs 2214.

46. Perry KT, Freedland SJ, Hu JC, et al. Quality of life, pain

and return to normal activities following laparoscopic

donor nephrectomy versus open mini-incision donor

nephrectomy. J Urol 2003; 169: 2018.

47. Schnitzbauer AA, Hornung M, Seidel U, et al. Does mini-

incision donor nephrectomy improve quality of life in liv-

ing kidney donors? Clin Transplant 2007; 21: 235.

48. Byun YJ, Yang SC. Laparoscopy-assisted urologic surgery

through mini-laparoscopy. Yonsei Med J 1999; 40: 596.

49. DiBlasio CJ, Snyder ME, Russo P. Mini-flank supra-11th

rib incision for open partial or radical nephrectomy. BJU

Int 2006; 97: 149.

50. Moon DA, Eden CG, Gianduzzo TR, Hindley RG. Mini-

flank supra-11th rib incision for open partial or radical

nephrectomy. BJU Int 2006; 97: 867.

51. Rane A, Murphy D, Henderson A. Mini-flank supra- 11th

rib incision for open partial or radical nephrectomy. BJU

Int 2006; 98: 690.

52. Kok NF, Alwayn IP, Tran KT, Hop WC, Weimar W, Ijzer-

mans JN. Psychosocial and physical impairment after

mini-incision open and laparoscopic donor nephrectomy:

a prospective study. Clin Transplant 2006; 82: 1291.

53. Suzuki K, Ushiyama T, Ishikawa A, Mugiya S, Fujita K.

Retroperitoneoscopy assisted live donor nephrectomy: ini-

tial 2 cases. J Urol 1997; 158: 1353.

54. Neipp M, Jackobs S, Becker T, et al. Living donor

nephrectomy: flank incision versus anterior vertical mini-

incision. Transplantation 2004; 78: 1356.

55. Jackobs S, Becker T, Lück R, et al. Quality of life following

living donor nephrectomy comparing classical flank inci-

sion and anterior vertical mini-incision. World J Urol

2005; 23: 343.

56. Kok NF, Alwayn IP, Lind MY, Tran KT, Weimar W, IJzer-

mans JN. Donor nephrectomy; mini-incision muscle-split-

ting open approach versus laparoscopy. Transplantation

2006; 81: 881.

57. Kok NF, Lind MY, Hansson BM, et al. Donor nephrec-

tomy: less fatigue and better quality of life following lapa-

roscopic kidney removal compared with an open

procedure by mini-incision: blind randomised study. Ned

Tijdschr Geneeskd 2007; 151: 1352.

58. Watanabe R, Saitoh K, Kurumada S, Komeyama T, Takah-

ashi K. Gasless laparoscopy-assisted live donor nephrec-

tomy. Transplant Proc 2002; 34: 2578.

59. Watanabe R, Saitoh K, Kurumada S, Komeyama T, Tsutsui

T, Takahashi K. Gasless laparoscopy-assisted live donor

nephrectomy. Nippon Hinyokika Gakkai Zasshi 2002; 93:

627.

60. Ishikawa A, Suzuki K, Saisu K, Kageyama S, Ushiyama T,

Fujita K. Endoscopy-assisted live donor nephrectomy:

comparison between laparoscopic and retroperitoneoscopic

procedures. Transplant Proc 1998; 30: 165.

61. Suzuki K, Ishikawa A, Ushiyama T, Ohta N, Suzuki A,

Fujita K. Gasless laparoscopy-assisted live donor nephrec-

tomy; the initial 23 cases. Transplant Proc 2000; 32: 788.

Antcliffe et al. Mini-open versus standard open and laparoscopic living donor nephrectomy

ª 2009 The Authors

Journal compilation ª 2009 European Society for Organ Transplantation 22 (2009) 463–474 473



62. Yang SC, Ko WJ, Byun YJ, Rha KH. Retroperitoneoscopy

assisted live donor nephrectomy: the Yonsei experience.

J Urol 2001; 165: 1099.

63. Lewis GRR, Brook NR, Waller JR, Bains JC, Veitch PS,

Nicholson ML. A comparison of traditional open, mini-

mal-incision donor nephrectomy and laparoscopic donor

nephrectomy. Transpl Int 2004; 17: 589.

64. Morrissey PE, Gautam A, Amaral JF, Monaco AP. Keeping

up with the Jones’s: open donor nephrectomy in the lapa-

roscopic era. Transplant Proc 2004; 36: 1285.

65. Yang SL, Harkaway R, Badosa F, Ginsberg P, Greenstein

MA. Minimal incision living donor nephrectomy:

improvement in patient outcome. Urology 2002; 59: 673.

66. Kok NF, Alwayn IP, Schouten O, Tran KT, Weimar W,

Ijzermans JN. Mini-incision open donor nephrectomy as

an alternative to classic lumbotomy: evolution of the open

approach. Transpl Int 2006; 19: 500.

67. Kumar A, Tripathi DM, Srivastava A. Mini incision live

donor nephrectomy; an optimal approach for the develop-

ing countries. Clin Transplant 2003; 17: 498.

68. Schnitzbauer AA, Loss M, Hornung M, et al. Mini-incision

for strictly retroperitoneal nephrectomy in living kidney

donation vs flank incision. Nephrol Dial Transplant 2006;

21: 2948.

69. Muthu C, McCall J, Windsor J, et al. The Auckland expe-

rience with laparoscopic donor nephrectomy. N Z Med J

2003; 116: U516.

70. Berends FJ, den Hoed PT, Bonjer HJ, et al. Technical con-

siderations and pitfalls in laparoscopic live donornephrec-

tomy. Surg Endosc 2002; 16: 893.

71. Rawlins MC, Hefty TL, Brown SL, Biehl TR. Learning lap-

aroscopic donor nephrectomy safely. Arch Surg 2002; 137:

531.

72. Seo SI, Kim JC, Hwangbo K, Park YH, Hwang TK. Com-

parison of hand-assisted laparoscopic and open donor

nephrectomy: a single-center experience from South Korea.

J Endourol 2005; 19: 58.

73. Tanabe K, Miyamoto N, Tokumoto T, et al. Retroperito-

neoscopic live donor nephrectomy: extended experience in

a single center. Transplant Proc 2004; 36: 1917.

Mini-open versus standard open and laparoscopic living donor nephrectomy Antcliffe et al.

ª 2009 The Authors

474 Journal compilation ª 2009 European Society for Organ Transplantation 22 (2009) 463–474


