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Liver Transplantation Without Venovenous
Bypass: Does Surgical Approach Matter?
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Background. The use of venovenous bypass in liver transplantation has declined over time. Few studies have examined the
impact of surgical approach in cases performed exclusively without venovenous bypass. We hypothesized that advances in liver
transplant anesthesia and perioperative care have minimized the importance of surgical approach in the modern era. Methods.
Deceased donor liver transplants at the University of Toronto from 2000 to 2015 were reviewed, all performed without venovenous
bypass. First, an unadjusted analysis was performed comparing perioperative outcomes and graft/patient survival for 3 different
liver transplant techniques (caval interposition, piggyback, side-to-side cavo-cavostomy). Second, a propensity-matched analysis
was performed comparing caval interposition to caval-preserving techniques. Results. One thousand two hundred thirty-three
liver transplants were included in the study. On unadjusted analysis, blood loss, transfusion requirement, postoperative complica-
tions, and graft/patient survival were equivalent for the 3 different techniques. To account for possible confounding patient vari-
ables, propensity matching was performed. Analysis of the propensity-matched cohorts also demonstrated similar outcomes
for caval interposition versus caval-preserving approaches. Conclusions. In the modern era at centers with a multidisciplinary
team, the importance of specific liver transplant technique is minimized. Full or partial cross-clamping of the inferior vena cava is

feasible without the use of venovenous bypass.

(Transplantation Direct 2018;4: e348; doi: 10.1097/TXD.0000000000000776. Published online 24 April, 2018.)

s liver transplantation (LT) was being developed, it was
hypothesized that venovenous bypass (VVBP) would
improve intraoperative stability during the anhepatic phase
of the operation and lead to improved perioperative out-
comes.' As such, VVBP was routinely used at most centers.
In the 1990s, however, increased recognition of complications
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from VVBP and the emergence of the caval-preserving piggy-
back (PB) implant technique contributed to a decline in the
use of VVBP.*%° In 1998, Chari and colleagues®' published
a survey of 50 major North American transplant centers
which demonstrated that 42% of centers routinely used
VVBP, a significant reduction from 91% in 1987. Since that
report, ongoing refinements in intraoperative management
have likely led to even further reductions in the use of VVBP,
although a contemporary assessment of VVBP practice pat-
terns has not been performed. In the current era, particularly
at centers with experienced liver transplant anesthesiologists,
LT without VVBP is achievable both with partial or complete
cross-clamping of the inferior vena cava (IVC). However,
very few studies have examined the impact of surgical ap-
proach on outcomes of LT performed without VVBP.

At the University of Toronto, we began performing LT
without VVBP in 1993, using a caval interposition (CI) tech-
nique. In 1993, 43 of 67 (64%) adult LTs were performed
without VVBP. By 1996, 72 (93%) of 77 of adult LTs were
performed by CI without VVBP. Since 2000, we have exclu-
sively performed LT without VVBP, and implantation tech-
nique is driven purely by surgeon preference. The majority
of cases have been performed with the classic CI technique,
necessitating full cross-clamp of the IVC. Less frequently,
we have used a PB technique in which the recipient IVC is
preserved and caval anastomosis performed between donor
suprahepatic cava and the confluence of the recipient left
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FIGURE 1. Backtable resection of the caudate lobe with a linear
cutting stapler.

and middle hepatic veins. More recently, we have incorpo-
rated a third approach, using a side-to-side (SS) caval anasto-
mosis after backtable resection of the caudate lobe.

The purpose of this study is to compare the safety and
efficacy of 3 different liver transplant techniques performed
without VVBP. In particular, we asked whether surgical ap-
proach affects the intraoperative and postoperative course
at a high-volume center where patients are managed by a
multidisciplinary transplant team.

MATERIALS AND METHODS

The study group consisted of deceased donor LTs per-
formed from 2000 to 20135 at the Toronto General Hospital.
Re-transplants and split liver transplants were excluded from
the analysis given their added technical complexity. For the
SS technique, backtable preparation included mobilization
and resection of the caudate lobe with a linear cutting stapler
(Figure 1).

The following clinical and demographic data were retro-
spectively extracted from a prospectively collected electronic
transplant database (Organ Transplant Tracking Record:
Transplant Care Platform 6, Organ Transplant Tracking Re-
cord Chronic Care Solutions, Omaha, NE):

(1) Recipient characteristics: age, sex, body mass index (BMI),
etiology of liver disease (overlap may be present), acuity at
time of transplant (home, inpatient, intensive care unit
[ICU]), laboratory values, and model for end-stage liver
disease (MELD) score.

(2) Donor characteristics: age, gender, BMI, and graft type.

(3) Operative characteristics: use of antibody induction, cold
and warm ischemia times, surgery duration, estimated
blood loss, transfusion requirements, intraoperative vaso-
pressor use, and disposition from the OR.

(4) Postoperative outcomes: renal function, liver function
tests, length of post-transplant hospitalization, postopera-
tive complications, 90-day graft loss, 90-day patient death,
and graft and patient survival.

Unadjusted Analysis: Comparison of 3 Liver
Transplant Techniques

Comparisons were made in unadjusted fashion for the 3
surgical techniques (CI, PB, and SS). For continuous vari-
ables, data are reported as mean (standard deviation). Cate-
gorical variables are reported as number (percentage).
Continuous variables were compared using the Student ¢ test
or Mann-Whitney test as dictated by the data distribution.

www.transplantationdirect.com

Categorical variables were compared using x> or Fischer ex-
act test. Survival analyses were performed using Kaplan-
Meier methodology, and comparisons between implant
techniques were made using the log-rank test. Graft survival
was calculated in uncensored fashion, with failure events in-
cluding death with a functioning graft and re-transplantation.

Propensity Matched Analysis Comparing Cl to
Caval-preserving Techniques

To account for possible confounding patient variables, we
subsequently performed a propensity score-matched analysis
to compare CI to caval-preserving techniques. For this analy-
sis, the PB and SS techniques were combined into a single
caval-preserving cohort. A propensity score was generated
for each case based on the following recipient variables: recip-
ient age, MELD score, and recipient acuity (home, inpatient,
ICU). We chose to use only recipient factors in constructing
the propensity match because in centers that use both tech-
niques, recipient status is the primary determinant of which
technique is used. A 5:1 nearest-neighbor match (caliper of
0.25) was performed to generate matched cohorts. Periopera-
tive outcomes and graft/patient survival were then compared
for CI versus caval preserving implant techniques.

RESULTS
Unadjusted Analysis

Recipient Characteristics

Recipient characteristics are displayed in Table 1. Recipi-
ent age was slightly younger in the PB group compared with
the CI and SS groups. There was also a slight preponderance
of female patients in the PB group compared with the other
2 groups. Body mass index was similar among the groups.
There appeared to be differences among groups with regard

Unadjusted analysis: recipient characteristics

Patient characteristics: unadjusted

cl PB SS
(n = 1076) (n=92) (n = 65) P
Age: mean(+SD),y 537 (x10.2) 510112 553105  0.02
Sex, n (%)
Female 281 (26.1%) 36 (39.1%) 17 (26.2%) 0.03
Male 794 (73.9%) 56 (60.9%) 48 (73.9%)
BMI, mean(=SD) 27.8(£54)  277(x55) 27960 097
Acuity, n (%)
Home 561 (58.9%) 53 (58.2%) 39(62.9%  0.008
Inpt ward 322 (33.8%) 22 (24.1%) 19 (30.7%)
ICU 69 (7.3%) 6 (17.6%) 4 (6.5%)
MELD, mean(xSD)  19.3 (+10.5) 20 4(+106) 17.8(x9.9  0.30
MELD >35,n (%) 140 (13.0%) 7 (18.5%) 8(12.3%)  0.32
Etiology, n (%)°
Alcohol 277 (25.7%) 17 (18.5%) 16 (24.6%  0.30
Fulminant 48 (4.5%) 8 (8.7%) 3(46% 021
Hep B 164 (15.2%) 13 (14.1%) 10 (15.4%) 0.96
Hep C 383 (35.6%) 26 (28.3%) 22(33.9%  0.36
Hee 460 (42.8%) 30 (32.6%) 34 (52.3%)  0.04
NASH 123 (11.4%) 13 (14.1%) 5(7.7%) 0.46
PSC 56 (5.2%) 7 (7.6%) 5(7.7% 046

7 Etiologies may overlap.
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to patient acuity, based on patient location before transplant.
For example, in the PB group, 17.6% of patients were in the
ICU before transplant, compared with only 7.3% and 6.5%
in the CI and SS groups, respectively (P = 0.008). However,
mean MELD score and the proportion of patients with
MELD scores of 35 or greater were similar among groups.
The etiology of end-stage liver disease was similar among
groups, although there was a higher incidence of hepato-
cellular carcinoma (HCC) in the SS group compared with
the CI and PB groups, respectively (52.3% vs. 42.8% vs.
32.6%, P = 0.04).

Donor Characteristics

There was a similar proportion of grafts donated after car-
diac death (DCD) in each group (Table 2). Donor sex was sim-
ilar among CI, PB, and SS groups (59% male vs. 49 % male vs.
49% male, P = 0.07). Donor age was greater in the SS group
compared with the CI and PB groups (55.5 = 14.8 vs. 46.9 =
17.4vs.48.2+17.5, P =0.0005). Donor BMI was also slightly
higher in the SS group compared with the CI and PB groups
(274 +£52vs. 264 = 5.1vs.25.3 £5.2, P =0.04).

Operative Characteristics

Operative characteristics are displayed in Table 2. The use
of induction immunosuppression was similar among groups.
Cold ischemic time was similar among groups, but warm is-
chemic time was significantly longer in the CI group com-
pared with the PB and SS groups, respectively (54.3 min =
30.7 vs. 41.0 min = 14.7 vs. 38.7 min = 12.4, P < 0.001).
The operative time was significantly shorter in the SS group
compared with the CI and PB groups, respectively (321 =
93 minutes vs. 365 = 179 minutes vs. 347 = 88 minutes, P =
0.05). Estimated blood loss was similar among the groups.
There was increased administration of crystalloid in the SS
group compared with the CI and PB groups, respectively
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(29L+2.8vs.1.9L +2.1vs.2.0L «+2.1, P =0.03). Trans-
fusion of red blood cells (RBCs), fresh frozen plasma (FFP),
and platelets were similar among the groups. There was sig-
nificantly less requirement for intraoperative vasopressor
agents in the SS group compared with the CI and PB groups,
respectively (28.9% vs. 35.3% vs. 50.6%, P = 0.01). The pro-
portion of patients “fast-tracked” postoperatively (extubated
and recovered in PACU/stepdown) was similar among groups.

Postoperative Qutcomes

Postoperative outcomes are displayed in Table 3. There
was a significant reduction in the rise in creatinine on postop-
erative day 1 in the PB group compared to the CI and SS
groups, respectively (2.8% = 37.0% vs. 13.2% = 34.8% vs.
9.3% = 38.7%, P = 0.0005). However, peak creatinine in
the first 48 hours was similar among groups. Peak aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and internationalized normalized ration (INR) were all sim-
ilar among groups. Bilirubin on day 7 was also similar
among groups. There was an increased ICU and postopera-
tive length of stay in the PB group compared with the other
2 groups. Rates of graft failure (90 days), patient death
(90 days), and severe complications (Dindo-Clavien score
> 3B) were all similar among groups.

Graft and Patient Survivals

Graft survival is displayed in Figure 2. There was no differ-
ence in graft survival among groups (P = 0.79, log-rank).
Graft survival at 1 year for CI, PB, and SS groups was
89.3%, 89.0%, and 92.3%, respectively. Graft survival at
5 years for CI, PB, and SS groups was 77.1%, 78.0%, and
77.5%, respectively. Patient survival is displayed in Figure 3.
There was no difference in patient survival among groups
(P = 0.64, log-rank). Patient survival at 1 year for CI, PB,
and SS groups was 90.5%, 90.2%, and 92.3 %, respectively.

Unadjusted analysis: operative characteristics

Operative characteristics: unadjusted

Cl PB SS
(n=1076) (n=92) (n=65) P

Graft type, n (%)

NDD 1016 94.4%) 89 (96.7%) 59 (90.8%) 0.27

DCD 60 (5.6%) 3(3.3%) 6 (9.2%)
Antibody induction used, n (%) 342 (34.1%) 42 (45.7%) 22 (33.9%) 0.08
Cold ischemia time: mean (+SD), min 450.5 (£152.0) 470.1 (£139.1) 463.6 (+136.1) 0.42
Warm ischemia time: mean (+SD), min 54.3 (+30.7) 41.0 (£14.7) 38.7 (x12.4) <0.001
Surgery duration: mean(=SD), min 365 (+179) 347 (+88) 321 (+93) 0.05
EBL: mean (+SD), L 9 (+2.8) 2.7 (1.8 6 (+2.1) 0.78
Crystalloid: mean (+SD), L 9 (x2.1) 2.0 (x2.1) 9 (2.8 0.03
RBC transfusion: mean (+SD), units 5 (+4.6) 5.3 (4.9 2 (#4.1) 0.10
FFP transfusion: mean(xSD), units 0 (6.3 9 0 (5.9 5 (£5.5) 013
PIt transfusion: mean (+SD), units 4 (+3.8) .6 (+2.8) 4 (£3.6) 0.15
Vasopressin use, n (%) 343 (35.3%) 44 (50.6%) 3 (28.9%) 0.01
Disposition from OR, n (%)

PACU 152 (15.7%) 16 (20.8%) 7 (12.3%) 0.72

ICU 814 (84.2%) 61 (79.2%) 50 (87.7%)

Death 1(0.1%) 0 (0%) 0 (0%)
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Unadjusted analysis: postoperative outcomes

Postoperative outcomes: unadjusted

Cl PB SS

(n =1076) (n=92) (n =65) P
Rise in creatinine Post-operative day1: mean (+SD) 13.2% (+34.8%) 2.8% (£37.0%) 9.3% (+38.7%) 0.0005
Creatinine (peak): mean (+SD) 164.5 (=109.0) 159.0 (+97.7) 154.4 (x116.3) 0.20
AST (peak): mean (+SD) 2096 (+2278) 2231 (+2935) 2120 (+1905) 054
ALT (peak): mean (+SD) 1098 (+1022) 1138 (+967) 1166 (£1127) 0.52
INR (peak): mean (+SD) 9 (+1.5) 1(17) 29 (+1.3) 0.62
Bilirubin (day 7): mean (+SD) 68 (+76) 89 (+94) 70 (+78) 0.09
ICU stay: median [IQR], d 2 [1-4) 2 [1-6] 1.5[0-3] 0.04
LOS (post-transplant): median [IQR], d 13 [9-23] 16.5 [11-34.5] 11 [8.5-29.9] 0.009
Graft failure <90 d: n (%) 63 (5.9%) 5 (5.4%) 2 (3.1%) 0.78
Patient death <90 d: n (%) 53 (4.9%) 4 (4.4%) 2 (3.1%) 0.95
Complication rate (Dindo-Clavien score > 3b): n (%) 238 (24.7%) 28 (31.1%) 17 (26.2%) 0.40

POD, postoperative day; txp., transplant.

Patient survival at 5 years for CI, PB, and SS groups was
78.2%, 80.4%, and 81.6%, respectively.

Propensity Matched Cohort Analysis

Recipient Characteristics

After propensity-score matching, patients were well bal-
anced between the CI and caval sparing cohorts (Table 4).
There were no significant differences in age, sex, BMI, patient
acuity, or MELD score between cohorts.

Donor Characteristics

There was a similar proportion of grafts donated after car-
diac death (DCD) in each cohort (Table 5). Donor sex was
similar between CI and caval preserving cohorts (61.2% male
vs. 51.5% male, P = 0.07). Donor age was slightly younger in
the CI cohort compared with the caval preserving cohort
(47.7 £17.5vs. 51.5 £ 17.4, P = 0.04). Donor BMI was sim-
ilar between cohorts (26.5 = 5.0 vs. 26.1 = 5.2, P = 0.55).

Operative Characteristics
Operative characteristics for the propensity-matched co-
horts are displayed in Table 5. The use of induction immuno-

suppression was similar. Cold ischemic time was slightly
shorter in the CI cohort (432.5 + 131.8 minutes vs. 472.3 =
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FIGURE 2. Unadjusted analysis: graft survival.

134.4 minutes, P = 0.006). As expected, warm ischemic time
was significantly longer in the CI cohort compared with the
caval preserving cohort, owing to an additional caval anasto-
mosis (55.3 = 42.0 minutes vs. 38.8 = 12.1 minutes, P <
0.001). The operative time was also significantly longer in
the CI cohort (359 + 176 minutes vs. 327 = 94 minutes, P =
0.04). Estimated blood loss, blood product transfusion,
and requirement for intraoperative vasopressor agents
were similar between cohorts. The proportion of patients
“fast-tracked” postoperatively (extubated and recovered in
PACU/stepdown) was also similar between cohorts.

Postoperative Outcomes

Postoperative outcomes are displayed in Table 6. There
was a greater rise in creatinine on postoperative day 1 for
the CI cohort compared with the caval preserving cohort
(14.3% = 34.9% vs. 7.3% = 41.3%, P = 0.003). However,
this effect appeared to be transient, as peak creatinine in the
first 48 hours was similar between cohorts. Peak AST, ALT,
INR, and day 7 bilirubin were all similar between cohorts.
Length of ICU stay and posttransplant length of stay were
similar between groups. Rates of graft failure (90 days), pa-
tient death (90 days), and severe complications (Dindo-
Clavien score > 3B) were all similar between groups.
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FIGURE 3. Unadjusted analysis: patient survival.
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Propensity-matched analysis: recipient characteristics
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Propensity-matched analysis: postoperative outcomes

Patient characteristics: propensity-matched

Postoperative outcomes: propensity-matched

cl Caval preserving cl Caval preserving

N (%) (n = 499) (n =104) P (n = 499) (n =104) P
Age: mean (+SD) 56.0 (+8.4) 54.2 (9.9 0.06 Rise in creatinine POD1: mean (=SD) 14.3% (+34.9%)  7.3% (+41.3%) 0.003
Sex, n (%) Creatinine (peak): mean (+SD) 1624 (x110.0) 1572 (=113.1) 0.23

Female 129 (25.9%) 27 (26.0%) 099  AST (peak): mean (+SD) 2188 (x2365) 2025 (+1610)  0.76

Male 369 (74.1%) 77 (74.0%) ALT (peak): mean(SD) 1172 (+1040) 1091 (=867) 095
BMI: mean(+SD) 28.2 (+5.8) 281 (26.0) 0.87  INR (peak): mean(SD) 8 (+13) 2912 027
Aciity, n (%) Bilirubin (day 7): mean (+SD) 64 (+71) 75 (+78) 0.18

Home 326 (65.3%) 66 (63.5%) 0.23 ICU stay, median [IQR] 2 [1-3] 2 [1-3.5] 0.93

Inpt ward 143 (28.7%) 27 (26.0%) LOS (post-txp), median [OR] 11 [9-20] 120030 0.6

o 30 (6.0%) 1(10.6%) Graft failure <90 d, n (%) 17 (3.4%) 2(19% 043
MELD: mean (+SD) 18 1(9.5) 18 5(x10.2) 0.67 Patient death <90 d, n (%) 16 (3.2%) 2 (1.9%) 0.48
MELD > 35: n (%) 36 (7.2%) 2 (11.5%) 0.6 Complication rate 113 (22.8%) 20(28.2%) 024
Etiology: n (%)? (Dindo-Clavien score > 3b), n (%)

Alcohol 141 (28.3%) 25 (24.0%) 038 poD. postoperative cay.

Fulminant 4(2.8%) 4 (3.9%) 0.57

Hepatitis B 72 (14.4%) 16 (15.4%) 080 There was no difference in patient survival between cohorts

Hepatitis C 187 (37.5%) 35 (33.7%) 046 (P = 0.24, log-rank). Patient survival at 1 year for the CI

HCC 261 (62.3%) 45 (43.3%) 0.09  cohort was 91.7% versus 92.3% for the caval preserving

NASH 69 (13.8%) 10 (9.6%) 025 cohort. Patient survival at § years for the CI cohort was

PSC 4 (2.8%) 8 (7.7%) 0.02

7 Etiologies may overlap.

Graft and Patient Survivals

Graft survival is displayed in Figure 4. There was no differ-
ence in graft survival between cohorts (P = 0.34, log-rank).
Graft survival at 1 year for the CI cohort was 91.1% versus
92.2% for the caval preserving cohort. Graft survival at 5 years
for the CI cohort was 79.4% versus 82.0% for the caval pre-
serving cohort. Patient survival is displayed in Figure S.

Propensity-matched analysis: operative characteristics

Operative characteristics: propensity-matched

cl Caval preserving
(n = 499) (n=104) P

Graft type, n (%)

NDD 456 (91.4%) 96 (92.3%) 0.76

DCD 43 (8.6%) 8 (7.7%)
Antibody induction used, n (%) 195 (39.1%) 38 (36.5%) 0.63
Cold ischemia time: mean (+SD), min ~ 432.5 (x131.8) 472.3 (x134.4)  0.006
Warm ischemia time: mean (+SD), min -~ 55.3 (+42.0) 38.8 (x12.1)  <0.001
Surgery duration: mean (+SD), min 359 (+176) 327 (+94) 0.04
EBL: mean (+SD), L 8 (2.2 7 (x2.1) 0.94
Crystalloid: mean(+SD), L 3 (*21) .9 (x2.6) 0.04
RBC transfusion: mean (+SD), units 1 (£5.0) 3 (+4.2) 0.32
FFP transfusion: mean (+SD), units 8 (x7.0) 7 (£5.7) 0.75
PIt transfusion: mean (+SD), units 9 (x2.0) 2 1(x2.8) 0.73
Vasopressin use, n (%) 84 (19.9%) 20 (23.8%) 0.42
Disposition from OR, n (%)

PACU 43 (9.3%) 11 (12.4%) 0.36

ICU 422 (90.8%) 78 (87.6%)

Death 0 (0%) 0 (0%)

79.3% versus 83.8% for the caval preserving cohort.

DISCUSSION

Historically, the choice of surgical technique and use of
VVBP in LT were closely linked. Several studies from the late
1990s and early 2000s suggested superiority of the PB tech-
nique without VVBP compared with the classic CI technique
with VVBP.>%” However, very few studies have analyzed the
effect of surgical techniques when LT is performed exclusively
without VVBP.?* Thus, the purpose of the present study was
to compare 3 different liver transplant techniques used exclu-
sively without VVBP. We hypothesized that the impact of spe-
cific surgical technique would be relatively minimal at an
experienced center with a dedicated multidisciplinary LT
team. This study represents one of the largest series of LT per-
formed without VVBP in the literature, and to our knowledge
includes the largest series of transplants performed by CI
without VVBP.
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FIGURE 4. Propensity-matched analysis: graft survival.
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The unadjusted analysis of the 3 implant techniques did not
demonstrate any clear trends in favor of a particular technique.
Blood loss, transfusion requirements, post-operative complica-
tion rates, and graft/patient survival were all similar. However,
we observed some potentially confounding differences
in patient characteristics (age, gender, and patient acuity).
To account for these potential confounders, we performed a
propensity-matched analysis based on patient age, MELD,
and acuity. Matched cohorts were generated and comparisons
then made by surgical approach (CI versus caval preserving).

After propensity score matching, patient cohorts were well
balanced. With respect to the effect of surgical approach,
there were some notable differences observed between co-
horts, but again, no pattern to suggest a clear advantage.
For example, there was a longer warm ischemic time and oper-
ative time for the CI technique compared with caval preserva-
tion, but no difference in blood loss, transfusion requirement,
or need for vasopressor agents. Caval preservation appeared
to have a transient benefit in terms of renal function (re-
duced rise in creatinine on postoperative day 1), but this
benefit did not manifest in a reduction in peak creatinine.
Postoperative complication rate, ICU stay, posttransplant
length of stay, and graft/patient survival were also similar
between matched cohorts.

There are limitations of this study that must be acknowl-
edged. First, this is a retrospective, single-institution study
and is thus subject to the biases associated with our practice
environment. In particular, differences in patient demo-
graphics and organ availability in Canada have facilitated
transplantation at a lower average MELD score than many
centers in the United States and Europe. This has contributed
to our center's ability to eliminate the use of VVBP, which
may not be achievable in other settings with higher patient
acuity. Another limitation of our study is the relatively small
sample size for the caval-preserving techniques relative to CI,
which is the dominant technique in Toronto. While most clin-
ically relevant outcomes appear to be similar, our study may
be underpowered to detect small differences between groups.

In conclusion, this report highlights a substantial experi-
ence with LT performed exclusively without VVBP, including
the largest series of CI done in this fashion. Because of the
predominance of the CI technique at our center, surgical
and anesthesia teams have become accustomed to routinely
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managing the hemodynamic alterations during this period.
In such an environment, both CI and caval-preserving ap-
proaches appear to be similarly safe and effective, and the im-
portance of specific surgical technique is minimized even
without VVBP.
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