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Abstract

Background: Recent randomized trials (RCTs) in the field of robotic partial
nephrectomy (PN) showed no significant differences in perioperative outcomes
between the off- and on-clamp approaches.
Objective: To compare the perioperative outcomes of on- versus off-clamp pure
laparoscopic PN (LPN).
Design, setting, and participants: A multi-institutional analysis of the on- versus off-
clamp approach during LPN in the setting of an RCT (CLOCK II trial; ClinicalTrials.gov
NCT02287987) was performed.
Intervention: Off- versus on-clamp LPN.
Outcome measurements and statistical analysis: Baseline patient and tumor variables,
and peri- and postoperative data were collected. Randomized allocation with a 1:1
ratio was assigned. Surgical strategy for managing the renal pedicle was dictated by
the study protocol. In the off-clamp arm, the renal artery had to remain unclamped
for the duration of the whole procedure. Reporting the intention-to-treat analysis is
the purpose of the study.
Results and limitations: The study recruited 249 patients. Of them, 123 and 126 were
randomized and allocated into the on- and off-clamp treatment groups, respectively.
Treatment groups were comparable at baseline after randomization with respect to
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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patients’ demographics, comorbidities, renal function, and tumor size and complex-
ity. A univariable analysis found no differences in the perioperative outcomes
between the groups, including median (interquartile range) estimated blood loss
(150 [100–200] vs 150 [100–250] ml, p = 0.2), grade �2 complication rate as classi-
fied according to the Clavien-Dindo system (5.7% vs 4.8%, p = 0.6), and positive sur-
gical margin rate (8.2% vs 3.5% for the on- vs off-clamp group, p = 0.1). No differences
were found in terms of the 1st (81.3 [66.7–94.3] vs 85.3 [71.0–97.7] ml/min, p = 0.2)
and 5th postoperative days estimated glomerular filtration rate (83.3 [70.5–93.7] vs
83.4 [68.6–139.3]ml/min, p = 0.2). Amultivariable analysis found each +1 increase in
RENAL score corresponded to an increase in the protection from the occurrence of
complications (odds ratio [OR] 0.72, 95% confidence interval [CI] 0.54–0.97,
p = 0.034), while each +1 cm increase in tumor size corresponded to an increase in
the risk of blood transfusion (OR 1.39, 95% CI 1.14–1.70, p = 0.001).
Conclusions: In the setting of an RCT, no differences were found in the perioperative
and early functional outcomes between on- and off-clamp LPN.
Patient summary: In this study, we investigated, by means of a randomized trial,
whether avoiding the clamping of renal artery during laparoscopic resection of
renal mass is able to translate into benefits. We found no differences in terms of
safety, efficacy, and renal function from the standard approach, which includes
arterial clamping.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

The current guidelines recommend partial nephrectomy
(PN) whenever feasible as a surgical treatment option for
T1 renal masses suspicious for cancer [1]. Together with
the complete removal of the mass (the ‘‘leave no tumor
behind’’ concept [2]), PN has gained broader diffusion over
radical nephrectomy with the ideal goal of preserving more
renal function [3]. Several factors interplay in the residual
renal function after PN [4]: patient-related variables,
including age, comorbidities, and baseline kidney function,
represent unmodifiable factors, while surgery-related vari-
ables, such as the technique for managing the renal pedicle,
resecting the tumor, and suturing the renal defect, are mod-
ifiable factors [5].

Since the beginning of the ‘‘PN saga,’’ the ischemic injury
deriving from long ischemia intervals during the clamping
of renal artery has been named among the more detrimen-
tal factors responsible for the postoperative renal function
decrease [6,7]. As such, it has been hypothesized that choos-
ing an off-clamp approach might better preserve the ulti-
mate renal function. If during open PN an ‘‘off-clamp’’
technique is often performed, given the direct hand-
assisted control over the renal pedicle allowed to the sur-
geon [8], during laparoscopic PN (LPN), the clamping of
renal artery has been considered crucial in order to obtain
a bloodless field during the tumor excision. Challenges
related to the pure laparoscopic approach increase the risk
of longer ischemia times, particularly in less experienced
hands. This is why the clamping of the main renal artery
has been challenged by several ‘‘alternative’’ techniques
aimed to shorten/avoid renal ischemia. The exasperation
of the concept has led to the ‘‘no ischemia’’ approach first
described by Guillonneau et al. [9] and duplicated by other
authors [10,11]. Off-clamp LPN is a technically demanding
approach, requiring consistent experience before embark-
ing on it. Some authors questioned off-clamp LPN as poten-
tially negatively impacting the perioperative outcomes of
the surgery, increasing blood loss, worsening the vision of
the operative field, and sponsoring the likelihood of compli-
cations and positive surgical margins.

Actually, a recent systematic literature review including
pure LPN showed no impact on either surgical or oncologi-
cal outcomes by the off-clamp technique [12], but the find-
ing is debatable and based on the pooled analysis of mostly
small sample size studies, affected by several confounders,
including a selection bias (the off-clamp approach is more
likely to be performed in low-complexity renal masses by
more expert surgeons).

Our research group sought to contribute to the field with
the aim of increasing the level of evidence about the topic. A
randomized clinical trial (RCT), the ‘‘CLOCK II’’ study
(CLamp vs Off Clamp of the Kidney during laparoscopic par-
tial nephrectomy; ClinicalTrials.gov NCT 02287987) was
conceived. The purpose of the study was to compare the
perioperative outcomes of on- versus off-clamp LPN.
2. Patients and methods

2.1. Study protocol

The CLOCK II laparoscopic study is a multicentric RCT, promoted by the

AGILE group (the Italian group for advanced laparoendoscopic surgery;

www.agilegroup.it), which started in January 2015. The study received

ethics committee approval (registration number NP 1814). All enrolled

patients had been informed and signed a consent form. In this RCT, after

accounting for the inclusion/exclusion criteria, consecutive candidates to

LPN at six institutions were randomized to on- or off-clamp LPN. A single

experienced laparoscopic surgeon with a detailed surgical profile (<45 yr

old, prior experience in laparoscopic renal surgery, and at least 100 LPNs

with different clamping approaches performed as first operator prior to

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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the study start) was involved per center. The study protocol has already

been described fully elsewhere [13]. Briefly, only patients with normal

coagulative parameters, preoperative estimated glomerular filtration

rate (eGFR) >60 ml/min (estimated by radionuclide renal scan), normal

contralateral kidney at baseline renal scan, and complexity of the renal

mass �10 as assessed by the RENAL score [14], were included. All

patients participating in clinical research studies investigating either

drugs or therapies administered within 6 mo prior to the enrollment,

and/or patients diagnosed with neuropsychiatric abnormalities, and/or

patients unable to attend the scheduled follow-up visits were excluded.

2.2. Randomization

The random sequence for the two comparison groups (on- vs off-clamp)

was computer generated using the command ralloc in Stata 15. Random-

ized allocation with a 1:1 allocation ratio was assigned by a permuted

block design, stratified by center [13,15]. Randomizationwas also stratified

according to the complexity of the tumor based on the RENAL score (<7 vs

�7). The allocation armwas notified bymeans of a dedicated e-form, man-

aged by an independent software house. At any moment, the investigators

were able to amend the indication given by the randomization and shift the

patients to the alternative option for managing the renal artery.

2.3. Outcome measurements

Patients’ demographics, baseline patient and tumor variables, and peri-

and postoperative data were collected. Specifically, patients’ comorbidi-

ties were classified according to the Charlson’s index [16]. The resection

technique was classified by the surface-intermediate-base score [17].

As stated, the surgical strategy for managing the renal pedicle was

dictated by the study protocol. Perirenal fat and renal artery dissection

were mandatory surgical steps in all patients.

Neither preoperative transarterial embolization nor intraoperative

controlled hypotension was allowed. When randomized in the on-

clamp treatment group, tumor resection and inner renorrhaphy layer

had to be done with the renal artery clamped. On the contrary, in the

off-clamp arm, the renal artery had to remain unclamped for the whole

procedure duration.

Since the start till the conclusion of the tumor resection/parenchy-

mal renorrhaphy, the investigators were able to waive at any moment

the indication given by the randomization and shift to the alternative

renal artery management option. Details and reasons for deciding for a

shift had to be reported mandatorily. As concerning the perioperative

outcomes, the severity of the eventual intraoperative bleeding was cat-

egorized on a scale from 0 (=no bleeding) to 5 (=intense bleeding exceed-

ing the suction cannula capacity). Postoperative complications were

classified according to the Clavien-Dindo system [18].

2.4. Statistical analysis

The target sample size has been calculated using the Borm, Fransen, and

Lemmens formula for analysis of covariance (ANCOVA). As reported in

the published study protocol [15], we assumed from previous reports a

standard deviation r of 20 ml/min/1.73 m2. For a = 5%, 1 � b = 80%, a

q2 of 0.6, and a clinically significant minimum difference d = 5 ml/

min/1.73 m2, the minimum required sample size was calculated to be

102 patients per arm. Actually, 113 patients per arm were considered

the target enrolment after adjusting for a 10% chance of dropping out.

Reporting the intention-to-treat analysis of the patients’ demograph-

ics, baseline characteristics, and perioperative outcomes is the purpose

of the study.

Categorical variables were summarized as absolute and relative fre-

quencies. Numerical variables were reported as means and standard

deviations or medians and interquartile ranges (IQRs), as appropriate.
The comparison of the average eGFR and hemoglobin pre- versus post-

operative variations in the treatment groups (off- vs on-clamp LPN)

was conducted by using the ANCOVA. The comparison of the median val-

ues of the total operative and renorrhaphy times in the study groups was

performed by using the nonparametric Mann-Whitney test for indepen-

dent samples. The complication rates were compared by Fisher’s exact

test. The association between clinical features and the event of shifting

from off- to on-clamp LPN was investigated by using a binary logistic

regression and measured by odds ratios (ORs). All tests were two sided.

A p value of <0.05 was considered significant. Statistical analysis was

performed by using Stata 15.0 (Stata Statistical Software: release 15,

2017; StataCorp LLC, College Station, TX, USA).
3. Results

As of September 2019, the CLOCK II laparoscopic study
recruited 249 patients. Of them, 123 and 126 were random-
ized and allocated to the on- and off-clamp treatment
groups, respectively. The number of enrolled patients
exceeded the planned sample size [13]. At baseline, the
on- and off-clamp treatment groups were well balanced as
concerning the patients’ demographics, coagulative func-
tion, comorbidities, renal function, and clinical tumor size
and complexity. Complete baseline data are reported in
Table 1.

The median (IQR) eGFR was 90.0 (71.0–99.0) versus 90.0
(70.0–99.0) ml (p = 0.8) for the on- versus off-clamp proce-
dure, with equal median % split renal function (45.0 [30.0–
52.0] vs 45.0 [39.5–52.2], p = 0.3). Both clinical tumor size
(3.0 [2.6–4.5] vs 3.0 [2.3–4.1] cm, p = 0.3) and tumor com-
plexity as assessed by the RENAL score (6.0 [5.0–8.0] vs
6.0 [5.0–7.0], p = 0.8) were comparable between the groups.
A univariable analysis found no differences in the perioper-
ative outcomes between the groups, including median (IQR)
estimated blood loss (150 [100–200] vs 150 [100–250] ml,
on- vs off-clamp, p = 0.2), Clavien grade �2 complication
rate (5.7% vs 4.8%, on- vs off-clamp, p = 0.6), and positive
surgical margin rate (8.2% vs 3.5%, on- vs off-clamp,
p = 0.1). Complete results are reported in Table 2.

Multivariable model analyses were performed to
account for eventual unbalances. Each +1 increase in the
RENAL score was found to increase protection from the
occurrence of complications (OR 0.72, 95% confidence inter-
val [CI] 0.54–0.97, p = 0.034). Each +1 cm increase in tumor
size corresponded to an increase in the risk of blood trans-
fusion (OR 1.39, 95% CI 1.14–1.70, p = 0.001). Retroperi-
toneal access protected from the occurrence of blood
transfusions (OR 0.07, 95% CI 0.01–0.29, p < 0.001).

No specific impact of resection and suture techniques
was found on the surgical perioperative outcomes. Finally,
the higher the preoperative patient’s eGFR, the higher the
probability of acute kidney injury (considered as a decrease
in eGFR of >25%) measured on the 1st and 5th postoperative
days (OR 1.03, 95% CI 1.01–1.06, p = 0.002).
4. Discussion

To the best of our knowledge, this is the first randomized
controlled trial comparing the off- versus on-clamp
approach during pure LPN. Several reports aimed to investi-



Table 1 – Baseline variables, patients’ demographics, coagulative function, comorbidities, renal function, and lesion’s characteristics

Variables On clamp Off clamp p value

Males, no. (%) 85 (69.1) 88 (69.8) 1
Age (yr), median (IQR) 61.0 (50.5–70.0) 60.0 (52.2–68.8) 0.7
BMI, median (IQR) 26.4 (24.2–29.0) 26.8 (24.4–29.3) 0.5
Platelet count, median (IQR) 232k (186k–278k) 226.5k (188k–270k) 0.7
Hb (g/dl), median (IQR) 14.0 (13.0–14.8) 14.3 (13.4–15.2) 0.03
% Hct, median (IQR) 42.3 (40.1–44.2) 43.0 (41.4–45.0) 0.07
PT (s), median (IQR) 95.0 (88.0–99.0) 95.5 (88.0–99.0) 0.8
PTT (s), median (IQR) 30.0 (28.2–35.8) 29.7 (28.0–35.9) 0.3
Hypertension, no. (%) 62 (50.4) 77 (61.6) 0.1
Diabetes, no. (%) 25 (20.3) 25 (20.3) 1
Cardiac disease, no. (%) 13 (11.1) 14 (11.6) 1
Vasculopathy, no. (%) 15 (12.3) 20 (16.4) 0.5
ECOG performance status, no. (%) 1
0 95 (77.9) 96 (76.8)
1 24 (19.7) 25 (20)
�2 3 (2.5) 4 (3.2)

Charlson’s Comorbidity Index, no. (%) 0.8
0 62 (51.2) 62 (50)
1 12 (9.9) 13 (10.5)
2 11 (9.1) 14 (11.3)
>2 36 (29.7) 35 (28.2)

SCr (mg/dl), median (IQR) 0.9 (0.8–1.0) 0.9 (0.8–1.0) 0.6
eGFR (ml/min), median (IQR) 90.0 (71.0–99.0) 90.0 (70.0–99.0) 0.8
% Split renal function, median (IQR) 45.0 (30.0–52.0) 45.0 (39.5–52.2) 0.3
Clinical tumor size (cm), median (IQR) 3.0 (2.6–4.5) 3.0 (2.3–4.1) 0.3
RENAL score, median (IQR) 6.0 (5.0–8.0) 6.0 (5.0–7.0) 0.8

BMI = body mass index; ECOG = Eastern Cooperative Oncology Group; eGFR = estimated glomerular filtration rate; Hb = hemoglobin; Hct = hematocrit;
IQR = interquartile range; PT = prothrombin time; PTT = partial thromboplastin time; SCr = serum creatinine.
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gate the differences between the two techniques for manag-
ing the renal pedicle during the tumor resection in nephron-
sparing surgery [12]. Those investigations were hindered by
retrospective study design and imprecision of the outcome
measurements. Systematic literature reviews pooled the
limited evidence available and concluded that there is no
impact of the technique used to manage the renal pedicle
on either surgical or oncological outcomes [12,19]. Only
two recently published studies sought to raise the bar in
the available level of evidence on this topic. Anderson and
coworkers [20] performed a prospective randomized trial
comparing the on- versus off-clamp technique in the setting
of robotic PN. Thirty-seven versus 34 patients were ana-
lyzed. Unfortunately, the significance was not achieved in
the study since the observed difference in eGFR was much
less than what the authors hypothesized a priori. Our group
underlined one of the issues of the study—inability to detect
any variation below 10% of eGFR due to statistical matters
[21]. As such, no difference in the eGFR change was reported
between the groups, even if off-clamp patients had larger
variability in eGFR that remained undetected. In summary,
beyond the comparable perioperative outcomes, the study
once again reported the ‘‘nonfinding’’ of no differences in
renal functional outcomes irrespective of the clamping
approach. Antonelli et al. [22,23] followed the CLOCK I
study. The on- and off-clamp approaches during robotic
PN were confirmed to have a comparable safety profile
[23]. Moreover, in the specific setting of bilateral kidneys
with regular baseline function, the authors found no differ-
ences in functional outcomes [24].

We believe that our study contributes to further improv-
ing the quality of the evidence in this field. Notably, the ran-
domization protocol worked properly, with no differences
in all the preoperative baseline variables. Both clinical
tumor size and tumor complexity as assessed by the RENAL
score were comparable between the groups as well.

Confirming the lower level of evidence about the topic,
the approaches were found comparable in the surgical peri-
operative outcomes, including blood loss, and complication
and positive surgical margin rates.

As concerning the more advanced analysis performed to
account for potential confounders, multivariable models
found increasing RENAL score to be protective against the
occurrence of complications (OR 0.72, 95% CI 0.54–0.97,
p = 0.034). This could sound in contrast with literature evi-
dence. As such, a recently published literature review con-
firmed the impact of higher nephrometry scores on the
likelihood of having complications after PN [25]. A possible
explanation is the average high experience of the surgeons
who were involved in the present study. Moreover, the
higher the nephrometry score, the higher the probability
of being forced in performing a more enucleative technique
to score with a nephron-sparing intent. A recent analysis by
Minervini et al. [26] within the ‘‘Surface-Intermediate-Base
consortium’’ found enucleation to be protective against
complications if compared with the standard enucleoresec-
tion technique. Consistent with previous findings, larger
tumor size increased the risk of blood transfusion (OR
1.39, 95% CI 1.14–1.70, p = 0.001) [5].

In our randomized study, retroperitoneal access was
found to protect from blood transfusions (OR 0.07, 95% CI
0.01–0.29, p < 0.001), similar to the findings by Pavan
et al. [27], who reported lower estimated blood loss for
retroperitoneal PN in a recent systematic review and cumu-
lative analysis of perioperative outcomes of transperitoneal
versus retroperitoneal PN.

No specific impact of resection and suture techniques
was found on the surgical perioperative outcomes. With



Table 2 – Perioperative outcomes

Variables On clamp Off clamp p value

Surgical approach, no. (%) 1
Transperitoneal 101 (82.1) 103 (81.7)
Retroperitoneal 22 (17.9) 23 (18.3)
Use of Airseal 13 (10.8) 9 (7.2) 0.4

CO2 insufflation pressure during resection (mmHg), median (IQR) 13 (12–18) 13.5 (12–18) 0.2
Resection technique (SIB score S), no. (%) 0.3
Enucleation 66 (53.7) 77 (61.1)
Enucleoresection/resection 57 (46.3) 49 (38.9)

Resection technique (SIB score I), no. (%) 0.3
Enucleation 64 (52) 73 (57.9)
Enucleoresection 59 (48) 52 (41.3)
Resection 0 (0) 1 (0.8)

Resection technique (SIB score B), no. (%) 0.7
Enucleation 53 (43.8) 61 (48.8)
Enucleoresection 62 (51.2) 57 (45.6)
Resection 6 (5) 7 (5.6)

SBP during resection (mmHg), median (IQR) 100 (90–100) 100 (90–110) 0.8
Bleeding (categorized *), no. (%) 0.2
0 23 (18.9) 21 (16.9)
1 66 (54.1) 51 (41.1)
2 21 (17.2) 29 (23.4)
3 9 (7.4) 16 (12.9)
4 2 (1.6) 6 (4.8)
5 1 (0.8) 1 (0.8)

Estimated blood loss (ml), median (IQR) 150 (100–200) 150 (100–250) 0.2
Renorrhaphy technique, no. (%) 0.7
Suture less 5 (4.1) 6 (4.8)
Medullar layer only 12 (9.8) 12 (9.6)
Cortical layer only 31 (25.2) 24 (19.2)
Double layer 75 (61) 83 (66.4)

Time for renorrhaphy (min), median (IQR) 10 (9–15) 10 (8–15) 0.8
Total operative time (min), median (IQR) 120 (100–180) 130 (107.5–182.5) 0.6
Use of hemostatic agents, no. (%) 113 (91.9) 108 (85.7) 0.2
Complications per patient, no. (%) 0.6
0 116 (94.3) 118 (93.6)
1 7 (5.7) 6 (4.8)
2 0 (0) 2 (1.6)

Clavien grade, no. (%) 0.6
2 4 (7.5) 5 (9.8)
3a 2 (3.8) 3 (5.9)
3b 1 (1.9) 0 (0)
4a 0 (0) 0 (0)
4b 0 (0) 0 (0)
5 0 (0) 0 (0)

Transfusion, no. (%) 8 (6.3) 3 (3.4) 0.5
Angiography/reintervention due to bleeding, no. (%) 3 (2.7) 2 (1.7) 0.3
Positive surgical margins, no. (%) 10 (8.2) 3 (3.5) 0.1
Length of stay (d), median (IQR) 4 (3–5) 4 (3–5) 0.4
1st POD eGFR (ml/min), median (IQR) 81.3 (66.7–94.3) 85.3 (71.0–97.7) 0.2
5th POD eGFR (ml/min), median (IQR) 83.3 (70.5–93.7) 83.4 (68.6–139.3) 0.2
1st POD hemoglobin (g/dl), median (IQR) 12.4 (11.4–13.4) 12.4 (11.5–13.5) 0.7
5th POD hemoglobin (g/dl), median (IQR) 11.9 (10.8–12.8) 12.5 (11.5–13.3) 0.06
1st POD % hematocrit, median (IQR) 37.6 (35.1–40.3) 37.6 (35.0–40.4) 0.9
5th POD % hematocrit, median (IQR) 36.6 (33.0–40.0) 37.1 (34.6–40.0) 0.5

eGFR = estimated glomerular filtration rate; IQR = interquartile range; POD = postoperative day; SBP = systolic blood pressure; SIB = surface-intermediate-base.
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the available evidence, it is hard to test the impact of such
variables per se, given their interplay with other disease-
and surgery-related factors [4,5,7,26,28].

Regarding the renal functional outcomes, better patient
baseline renal function as assessed by eGFR predicted a
higher probability of acute kidney injury on either the first
or the fifth postoperative day (OR 1.03, 95% CI 1.01–1.06,
p = 0.002). This is in line with many reports [29].

Despite the randomized controlled design, the present
study is not devoid of limitations.

The most important is the fact that only expert surgeons
and referral institutions participated in this study. Neverthe-
less, despite a rigorous randomization protocol, assigned
clamping strategy was affected by subjective feelings during
surgery, with the surgeon being able to shift from the off-
clamp to the on-clamp approach. The likelihood of shifting
from pure off-clamp to on-clamp LPN relied on tumor size
and complexity. Among the cases assigned to an off-clamp
procedure, 41 (32.5%) were intraoperatively converted to
on-clamp LPN, but the intraoperative need to convert the
planned strategy seemed harmless on the postoperative
course [30]. Moreover, as per the study protocol, enrolled
patients had baseline eGFR >60 ml/min, a normal contralat-
eral kidney, and a RENAL score of �10. This undoubtedly
does not represent the daily practice and limits the general-
izability of the findings. Another bias given by unmeasurable
surgeon’s skills, as well the surgeon’s attitude and experi-
ence toward a specific clamping approach should be consid-
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ered. Moreover, it could be hypothesized that the peculiar
setting of a surgical RCT could have prompted some addi-
tional care to preserve patient’s safety, influencing the
results with respect to the daily clinical practice. Last,
notwithstanding the adequate population size randomized,
a small sample size of patients was analyzed relative to
the number of variables collected. As such, our analysis
excluded a significant relationship of clamping, resection,
and renorrhaphy techniques with the outcomes of interest.
However, the influence of these factors on intra- and postop-
erative events cannot be excluded completely, also consider-
ing the previous reports.

5. Conclusions

In the setting of an RCT comparing on- versus off-clamp
LPN, no differences were found in the perioperative and
early functional outcomes between the approaches.
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