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Abstract

Background: Vascular anomalies in living kidney donors pose technical challenges. Double inferior vena
cava (D-IVC) occurs in 0.2%-0.7%, and multiple renal veins in 3%—14%. Their combination is
exceptionally rare.

Case Report: We report successful living donor transplantation from a 49-year-old male with D-IVC and
three left renal veins, donated to his daughter with End-stage renal disease (ESRD). Preoperative
Computed tomography angiography (CTA) suggested a prominent gonadal vein; intraoperatively, D-IVC
was confirmed. Three short, distant veins could not be merged; each was individually anastomosed to
the external iliac vein. Cold ischemia was 20 minutes. Both recovered uneventfully with excellent graft
function.

Literature Review: We synthesized 15 high-quality publications (2020-2025) on epidemiology, surgical
strategies, and outcomes. CTA with 3D reconstruction is the gold standard (sensitivity 98%). Options
include vein grafts or individual anastomoses. One-year graft survival (94.2% vs. 95.1%) and donor
outcomes are comparable to conventional anatomy.

Conclusions: D-IVC with triple renal veins is not an absolute contraindication. With meticulous imaging
and tailored techniques, excellent outcomes are achievable.

Highlights

1.Double inferior vena cava(D-IVC) concurrent with three renal veins(TRV) are rare but not absolute
contraindications to living donor renal transplantation.

2.Preoperative CTA with 3D reconstruction is essential for identifying these anomalies(sensitivity 98%).
3.Key CTA clues for D-IVC:bilateral para-aortic venous structures;left IVC diameter 60%—-80%of right IVC.

4.For short or distant multiple renal veins,individual anastomosis directly to the external iliac vein is a
feasible alternative to vein grafts.

5.Cold ischemia time should be minimized(ideally<30 minutes)when performing multiple venous
anastomoses.

6.Postoperative Doppler ultrasound within 24 hours is critical to confirm venous patency.

1. Introduction

Living donor renal transplantation (LDRT) offers superior graft survival and shorter waiting times over
deceased donation or dialysis!'l. However, vascular variations—such as double inferior vena cava (D-IVC)
and multiple renal veins—increase surgical complexity[z].
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D-IVC results from incomplete regression of the embryonic left supracardinal vein, with a prevalence of
0.2%-3.0%l, Triple renal veins (TRV)—three distinct venous trunks draining into the vena cava—occurs
in 0.8%-9.7% of donors, mainly on the right["’]. Their coexistence is extremely rare, with only sporadic
case reportst®71,

We present a successful LDRT case with D-IVC and three renal veins (TRV) accompanied by a literature
review (2020-2025) covering epidemiology, preoperative assessment, surgical management and
outcomes. This case report has been reported in line with the SCARE checklistl8l.

2. Case Presentation

2.1 Donor Characteristics

A 49-year-old male volunteered as a living related donor for his daughter with ESRD. Preoperative labs,
renal function, and blood pressure were normal. Split glomerular filtration rate (GFR) was 37.3 mL/min
(left) and 43.6 mL/min (right).

2.2 Preoperative Imaging

CTA revealed a prominent venous structure (~ 14.2 mm) parallel to the left gonadal vein, joining the left
renal vein at 90° before connecting to the right-sided IVC (Fig. 1). Initially interpreted as a dilated gonadal
vein, D-IVC was not definitively diagnosed preoperatively. Left laparoscopic donor nephrectomy was
planned.

2.3 Donor Surgery

Retroperitoneoscopic left nephrectomy identified a large (~ 15 mm) venous structure along the left
aorta, consistent with a duplicated IVC. The left kidney had a single artery but three separate renal veins
(superior, middle, inferior) draining into the left IVC (Fig. 2). Meticulous dissection preserved the
duplicate IVC; lumbar and adrenal veins were ligated. The kidney was extracted and flushed.

2.4 Back-Table and Recipient Surgery

The recipient (ESRD on hemodialysis) underwent left iliac fossa Gibson incision, exposing external iliac
vessels.

Back-table inspection showed three short veins (< 1 cm each) with orifices about 1.5 cm apart and on
different planes—precluding merging. We performed individual anastomoses: renal artery end-to-side to
external iliac artery (6 - 0 Prolene); all three veins anastomosed to a single venotomy on the external iliac
vein using triangulation (7 - 0 Prolene). Cold ischemia was 20 minutes. Reperfusion produced a pink
kidney and immediate urine output.

2.5 Postoperative Outcome
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Donor: Uneventful recovered and discharged on day 10 with creatinine 0.9 mg/dL. Recipient: Inmediate
graft function; creatinine fell from 8.5 to 1.2 mg/dL by day 5. Doppler at day 1 showed patent
anastomoses. Discharged day 14 (creatinine 1.1); at 3 months, creatinine 0.9 mg/dL, eGFR 72
mL/min/1.73m?2.

3. Comprehensive Literature Review

3.1 Anatomy and Prevalence

D-IVC is classified as Type | (complete duplication, two symmetric cavae from iliac to renal level, left
draining into left renal vein then to right IVC) or Type Il (left IVC ends at renal level)® 1%, In donors, Type |
predominates. TRV (three separate hilar trunks) occurs in 9.7% on the right vs. <5% on the left!' ) veins
are classified as superior, middle, inferior. Inadvertent ligation risks segmental congestiol'Zl,

Concurrent D-IVC and TRV is exceedingly rare, with only a few prior reports!" 1315 complex drainage

patterns and shorter veins (mean 2-3 cm) complicate reconstruction!'® 16,

3.2 Preoperative Assessment

CTA with multiplanar/3D reconstruction is the gold standard (sensitivity 98%)[12]. Key signs: bilateral
para-aortic veins, left IVC 60%-80% of right diameter’®; for TRV, document number, diameter (> 3 mm),
and drainage sites!"3l,

A meta-analysis (Costa e Silva et al., 2024; n = 46,664) found CTA identified 95% of multiple renal vein
variations, Magnetic resonance venography (MRV) or Doppler can supplement[3]. Interdisciplinary

planning is recommended!’..

3.3 Donor Nephrectomy

Retroperitoneoscopic approach is preferred for left-sided D-IVClel. Critical steps: avoid injury to

duplicated IVC, preserve the longest vein (= 2 cm if possible), ligate accessory lumbar/gonadal veinst3l,

In four D-IVC donors, Agarwal et al. reported mean operative time 230 min and warm ischemia 136 sfel,
For TRV, if one vein is dominant (> 5 mm), smaller ones may be ligated; if all >3 mm, reconstruction is

needed!'%. However, if all three veins are = 3 mm, venous reconstruction is necessary to prevent
segmental infarction.

3.4 Recipient Anastomosis

For short veins (< 1 cm), extension options include autologous renal vein grafts (from native kidney)[s] or

deceased donor vein grafts[”. ISakai et al. used an autologous graft to extend by 3 cmt®l,
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Hayashi et al. used a Y-shaped saphenous graft to unify three veins in three cases without congestion“ o,
Popov et al. (n =250 anomalous transplants) found no significant difference in anastomosis time versus

conventional (p = 0.32)[14]. Postoperative Doppler within 24 h is advised to check patency and flowl”].

3.5 Outcomes

Donor

Outcomes are similar to normal anatomy. Hennawyl et al. reported 9-month follow-up with normal eGFR
(85 mL/min/1.73m?)V"]. Pal et al. reported no IVC syndrome or chronic pain in four D-IVC donors, mean
stay 4.5 days!®l. Main risk is bleeding (~ 5%), mitigated by CTA planning!3l.

Recipient: Graft survival is comparable: 1-year survival 94.2% (anomalous) vs. 95.1% (normal)[4.
Delayed graft function (DGF) is more common in TRV (12% vs. 6%) due to prolonged clamping!'?. risk
factors include vein grafts, multiple anastomoses, cold ischemia > 6 hi%.. Long-term complications:
venous stenosis (3%—5%) and thrombosis (< 2%)['3l; Doppler surveillance in the first year can detect
stenosis for balloon angioplasty[Q].

4. Discussion

This case confirms that D-IVC with TRV is not a contraindication to LDRT. Success depends on
preoperative diagnosis, surgical skill, and planning.

4.1 Preoperative Diagnosis and Imaging

Our D-IVC was visible on CTA but misread as a gonadal vein. Radiologists and surgeons should
recognize key clues: (1) a left-sided para-aortic vein from the left common iliac, (2) ascending to renal
level, joining the left renal vein and crossing anterior to the aorta to the right IVC, and (3) identical

contrast enhancement. Familiarity with these signs enables preoperative planning!'.

4.2 Technical Challenges
Donor

The duplicate IVC altered anatomy; retroperitoneoscopic access allowed safe dissection and ligation

while preserving the left IVCI®l. The use of a retroperitoneoscopic approach provided direct access to the
renal hilum and may have facilitated this dissection.

Recipient

Three short, distant veins on different planes precluded merging. Individual anastomoses to a single
venotomy ensured adequate outflow, preventing congestion/thrombosis. The 20-minute cold ischemia
was vital to the excellent outcome.
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4.3 Comparison with Published Cases

Most prior cases used vein grafts or Y-shaped reconstructions (Table 1). Our case uniquely shows that
direct individual anastomoses are feasible when merging is impossible.

4.4 Expanding the Donor Pool

Vascular anomalies should not automatically exclude willing healthy donors. Technical innovation can

overcome these challenges, safely expanding the living donor pooll®] offering more patients with ESRD
the best chance for a cure.

4.5 Limitations

As a single case report, long-term follow-up beyond 3 months is lacking. However, the short-term
success and consistency with published cases support feasibility.

5. Conclusion

LDRT from donors with D-IVC and three renal veins is technically demanding but feasible with meticulous
preoperative imaging (CTA with 3D reconstruction) and tailored surgical strategies (extension grafts, Y-
shaped anastomoses, or individual anastomoses). Donor and recipient outcomes are favorable, and
these anomalies are not contraindications to LDRT. Future work should focus on standardized
classification and long-term outcomes in larger cohorts.

Abbreviations

D-IVC

Double Inferior Vena Cava

ESRD

End-Stage Renal Disease

CTA

Computed Tomography Angiography
LDRT

Living Donor Renal Transplantation
TRV

Triple Renal Veins

GFR

Glomerular Filtration Rate

eGFR

estimated Glomerular Filtration Rate
MRV

Magnetic Resonance Venography
DGF
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Delayed Graft Function
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Tables

Table 1. Summary of prior D-IVC + multiple renal vein cases; data from [5-7,9] not reproduced here for
brevity.

Author D-IvC No. of Renal Surgical Strategy Outcome
Type Veins
(Year)
Sakai et al. (2012)[5]  Type | 2 Autologous vein graft Good
Pal et al. (2017)[6] Type | 2 Standard anastomosis Good
Hennawy et al. Type | 2 Laparoendoscopic single-site Good
(2023)[7
Miyauchi et al. Type | 3 Y-shaped saphenous graft Good
(2021)[9]
Present case Type | 3 Individual anastomosis (3 veins Excellent
to EIV)
Figures
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Figure 1

Preoperative CTA showing D-IVC (left IVC runs parallel to aorta, joins left renal vein, then crosses to right
IVC).
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Figure 2

Intraoperative view of three left renal veins (LRV) entering the left IVC.
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