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median pre-op volume of 62 g. This might indicate incomplete 
resection, though postoperative MRI PZV is equivalent between 
both groups suggesting complete resection of TZ in both groups. 
The median difference between preoperative prostate volume 
and the combined resected tissue volume and residual tissue 
volume on MRI is approximately 20 cm3 for TURP group and 
14.2 cm3 in HoLEP group. These findings are difficult to explain. 
It can be hypothesized that more tissue might be lost during 
vaporization during bipolar TURP as compared to HoLEP.

The use of post-TURP MRI was earlier described by 
Abt  et  al17 who conducted a randomized control trial 
(RCT) comparing the outcome of prostate artery embolization 
with TURP.17 Fifty-one patients in the study, with a mean pre-
operative prostate volume of 56.5 ± 31.1 cm3 on MRI under-
went TURP. A postoperative MRI performed on these patients 
at an interval of 12 weeks revealed an RP volume of 27.16 cm3. 

Although these authors did not mention TZ and PZ volume of 
RP, their findings of TPV after TURP are similar to findings 
noted in our study. Conversely, in an RCT comparing HoLEP 
with TURP for the treatment of prostates 40-200 g, mean pros-
tate volume on TRUS reduced at 6 months from 77.8 ± 5.6 g 
(42-152 g) to 28.4 ± 1.8 g (13-43 g) after HoLEP and 85.8 ± 5.4 g 
(46-156 g) to 46.6 ± 4.4 g (26-96 g) after TURP. The higher 
residual TPV in TURP groups probably indicates the incomplete 
adenomectomy of these larger prostates. At 7 years follow-up, 
it was noted that although none of the patients initially enrolled 
for HoLEP required surgery for prostate regrowth, 3 patients ini-
tially assigned to TURP arm had symptomatic prostate regrowth 
needing subsequent HoLEP.18 This indicates that complete ade-
nomectomy translates into durable long-term outcomes. The 
median prostate size in TURP group in our series as well as from 
series published by Abt et al17 was smaller than that in the Gilling 
study [mean 85.8 ± 5.4 (46-156) g] thereby possibly enabling 

Figure 4.  a-c. T-2 weighted images of prostate (axial view) before and 4 month and 1.5 year after HoLEP procedure (volume in cc).

Figure 5.  a,b. T-2 weighted images of prostate (coronal view) before and 2 month after HoLEP procedure (volume in cc).
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complete resection of adenoma to the level of the capsule.18 We 
noted that the median TZV was 4.5 cm3 in the HoLEP group and 
5.8 cm3 in the TURP group, further confirming near-complete 
adenomectomy in both groups in our study. The completeness of 
adenomectomy after endoscopic enucleation is also independent 
of the energy source used. In an RCT comparing Thulium Laser 
Vapoenucleation of the prostate (ThuVEP) versus HoLEP, the 
median prostate size on TRUS reduced at 1-month follow-up 
from 82.5 g (47.75-100 g) to 20 gm (11.75-30 g) after ThuVEP 
and 77.5 g (45.75-110.25 g) to 16 g (11-27.5 g) after HoLEP.8

Interestingly, independent of whether patients underwent 
HoLEP or TURP, median PZV was found to be similar in both 
groups (18.5 g in HoLEP group vs. 21.2 g in TURP group). This 
corroborates results from a study by Meikle et al19 who noted 
that both TZ and PZ of the prostate grow with age, but once the 
TPV exceeds 30 g, the size of the PZ becomes attenuated. There 
is further evidence that the PZV is independent of TPV even for 
very large-sized prostates as in our study (Figure 1B, 1C, 1D). 

We employed “Prolate Ellipsoid” formula for calculating pros-
tate volume.20 The same method was used to calculate the vol-
ume of the TZ before and after the procedure.10,21,22 We did not 
use the “Bullet formula” (L × H × W × 5π/24) or (L × H × 
W × 0.65) which has been proposed by some as a potentially 
superior formula in prostate volume estimation.23 Conflicting evi-
dence exists regarding which formula is superior. Lee et al20 con-
cluded that the prolate ellipsoid formula is accurate in estimating 
prostate volume using either TRUS or MRI. However, another 
study concluded that the ellipsoid formula consistently underes-
timates prostate size by 10% almost 80% of the time.24 This con-
sistent volume underestimation when using the ellipsoid formula 
was also reported in a different study.25 The Prolate Ellipsoid for-
mula also has the limitation of measuring the empty fossa volume 
and we overcame this by correlating findings with volumetric 
assessment by DynaCAD Prostate MR image analysis system®.

The clinical results after TURP were shown to correlate signifi-
cantly with completeness of resection of the obstructing ade-
noma. In a study by Chen et al5 wherein TRUS was performed 
on 40 men at 16 weeks after TURP, the weight of RP was noted 
to be 22.6 ± 13.1 g. It was also noted that the RP weight ratio at 
16 weeks provided a good estimate of clinical results, with bet-
ter clinical outcome associated with a smaller RP weight ratio. 
The completeness of adenoma removal also directly correlates 
with the durability of clinical outcome.18 We hypothesized that 
after complete adenomectomy, the residual PZ remains the only 
source of PSA. Since the volume of PZ remains constant in all 
patients irrespective of the preoperative total prostate volume, we 
noted similar PSAD among both groups, and difference in post-
operative PSAD was statistically insignificant (P-value = .522). 

The limitations of our study include the relatively small numbers 
of patients making it difficult to reach statistical significance, 
but it must be emphasized that postprocedural MRI is not a stan-
dard clinical practice and the fact that these are results of an 
initial pilot study which are being carried forward as an elabo-
rate clinical trial. We also did not correlate postprocedure pros-
tate morphology and clinical outcome. It will be interesting to 
prospectively evaluate the impact of postprocedure RP volume 
on degree and durability of clinical improvement after proce-
dures for BPH. Detection of preoperative prostate volumes of 
patients by USG, CT, or MRI may cause heterogeneity in stan-
dardization. Two patients had volumetric assessment preopera-
tively with DRE; however, they had postoperative MRI volume 
estimation and were therefore included in the study. It would 
also have been preferable to have comparable preoperative pros-
tate volume in both groups. Lastly, there are different formulae 
available for prostate size estimation, and although there may 
be recent evidence in favor of the Bullet formula, there is ample 
evidence to support the use of prolate ellipsoid formula as well. 
Despite these shortcomings, to the best of our knowledge, our 
study is the first to report and compare TZV after HoLEP and 
TURP and provide anatomical evidence regarding the complete-
ness of adenomectomy after both procedures.

Based on the findings of our study and those from the literature, 
we propose that after a complete adenomectomy the RP mea-
surement should be 20 ± 5 g. Patients with higher-than-expected 
RP volume should be an indication of incomplete adenomec-
tomy and should be counseled appropriately about the possibil-
ity of relapse of their urinary symptoms in long term. The option 
of choosing the appropriate procedure should rest with the oper-
ating surgeon and should be based on his expertise.

In conclusion, bladder outlet procedures for BPH, whether 
TURP or HoLEP result in near-complete elimination of the TZ, 
irrespective of the preoperative size of the prostate as confirmed 
by MRI prostate. Additionally, the postprocedural PZ volume 
on MRI prostate remains remarkably constant and independent 
of preoperative prostate size. Further higher-impact prospective 
studies and trials are the need of the hour to validate the impact 
of completeness of resection on durability of outcomes. 
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