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ABSTRACT

Objective: The primary purpose was to compare the completeness of adenomectomy and zonal anatomy 
of prostate on magnetic resonance imaging prostate after transurethral resection of prostate and Holmium 
enucleation of prostate. The secondary purpose was to investigate the relationship between preoperative total 
prostate volume and postoperative transition zone and peripheral zone volume after both procedures.

Material and methods: A retrospective review of all patients who underwent transurethral resection of pros-
tate or Holmium enucleation of prostate over 3 years (2017-2020) and had at least 1 postoperative magnetic 
resonance imaging prostate was performed. Volume estimations of the prostate and individual zones were per-
formed, and statistical comparisons were made to evaluate morphometric changes between the 2 procedures. 

Results: A total of 9 patients (mean age, 71.8 years) underwent transurethral resection of prostate and 
12 patients (mean age, 66.9 years) underwent Holmium enucleation of prostate. The median pre-operative 
prostate volume in the Holmium enucleation of prostate group was higher than the transurethral resection of 
prostate group (101.5 g vs. 62 g; P = .102). However, there was a significant difference in the resected tissue 
weight favoring Holmium enucleation of prostate over transurethral resection of prostate (P value = .004). 
The postoperative transition zone and peripheral zone volume as calculated by magnetic resonance imaging 
remained relatively constant in both procedures. The peripheral zone volume on postoperative magnetic res-
onance imaging was found to be independent of transition zone volume even for very large-sized prostates. 

Conclusion: A well-performed transurethral resection of prostate or Holmium enucleation of prostate can 
nearly completely eliminate the transition zone volume, irrespective of the size of the prostate as confirmed 
by magnetic resonance imaging prostate. Additionally, the peripheral zone volume is consistent across the 
entire spectrum of the prostate size.

Keywords: Transurethral resection of prostate, holmium laser enucleation of prostate, magnetic resonance 
imaging of prostate, prostate zonal anatomy, incidental prostate cancer, prostate-specific antigen

Introduction

Benign prostatic hyperplasia (BPH) and lower 
urinary tract symptoms (LUTS) are known 
to affect 70% of US men 60-69 years of age 
and 80% of those 70 years of age or older.1 
Despite widespread use of medical manage-
ment for symptomatic prostate enlargement, 
a significant number of patients need surgical 
intervention. Transurethral resection of the 
prostate (TURP) continues to be considered the 
gold standard for the surgical management of 
BPH. Complete resection of all adenomatous 
tissue is recommended by most resectionists as 
the standard TURP technique.2 Holmium laser 

enucleation of prostate (HoLEP) allows com-
plete enucleation of even large adenomas leav-
ing behind only the peripheral zone (PZ).3 It is 
therefore recommended as a size-independent 
procedure for the treatment of an enlarged pros-
tate by the American Urology Association.4

There is evidence to suggest that clinical 
improvement after TURP correlates signifi-
cantly with the completeness of resection of the 
obstructing adenoma.5 In real life, the definition 
of completeness of adenomectomy after TURP 
and HoLEP is more subjective and depends 
widely on surgeon’s experience. Although 
there has been extensive literature comparing 
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functional outcomes after TURP and HoLEP,6 there is no radio-
logical evidence comparing completeness of adenomectomy 
between the techniques. Few randomized trials have measured 
the residual weight of prostates after these procedures. However, 
the individual contributions of the PZ and the transitional zone 
(TZ) to the total residual prostate (RP) tissue mass has not been 
studied.7,8 Hence, it is unclear if postoperative residual total pros-
tate volume (TPV) represents only the PZ and anterior fibro-
muscular stroma or some residual TZ as well. In other words, 
magnetic resonance imaging (MRI) estimation of postoperative 
TPV has not been well studied as a tool to assess completeness 
of adenomectomy after these procedures. Improvements in pros-
tate imaging with MRI have provided excellent insight into the 
visualization of the zonal anatomy of the prostate.9 The primary 
objective of our study was to compare the completeness of ade-
nomectomy and zonal volumes of postoperative PZ and TZ with 
respect to the TPV after TURP and HoLEP. The secondary objec-
tive was to investigate the relationship between preoperative TPV 
and postoperative TZ and PZ volume after both the procedures. 

Material and Methods

Patients
This was an Institutional Research Board (IRB)-approved study 
(IRB Approval Number: 20180511). The IRB approval included 
Ethics Committee approval as well. Medical records of all patients 
who underwent either a TURP (group 1) or HoLEP (group 2) for 
the treatment of BPH at the study institution over 3 years between 
February 2017 and February 2020 were retrospectively reviewed to 
identify those patients who had at least 1 postoperative MRI prostate 
within a year of the procedure. After informed consent had been 
obtained from all included patients, all subjects with an elevated 
prostate-specific antigen (PSA) preoperatively were evaluated with 
MRI and/or 4K score, followed by prostate biopsy, when appropri-
ate to rule out prostate cancer (PCa). Patients diagnosed with PCa 
before TURP or HoLEP were excluded from the present study. 
Postoperative MRIs were performed in these patients either as a part 
of active surveillance for incidentally diagnosed low-risk PCa on 
histopathological examination of resected prostate specimen after 

the procedures or for evaluation of persistently elevated PSA (>1 
ng/mL) after HoLEP. All patients with Prostate Imaging Reporting 
and Data System (PIRADS) 4 or 5 lesions on postoperative MRI 
were excluded from the study as the size of these lesions might have 
influenced PZ volume. At present, although the PIRADS classifi-
cation is not universally accepted post-debulking surgeries of the 
prostate, the institutional and departmental protocols do utilize the 
classification as the biopsy correlation results have been consistently 
accurate and there is no better radiological substitute available. 

The choice of the surgical procedure was arrived at after a 
process of informed decision-making between the operating 
surgeons and the patient. Preoperative prostate volume was esti-
mated by ultrasound, computed tomography scan, or MRI in all 
except 2 patients in whom estimation was based on digital rec-
tal examination. All HoLEP were performed by a single surgeon 
(HNS) with experience of > 2000 HoLEP/TURP surgeries, and 
TURPs were performed by 1 of the 3 surgeons with experience of 
>1000 TURPs with the aim of complete adenoma resection. The 
volume of resected tissue was noted by a single uro-pathologist. 
All patients had a postoperative PSA estimation at 3 months. 

The time interval between surgical procedure and first MRI was 
noted. Every MRI performed was independently reviewed by 
a single radiologist (RC). Other peri-operative data analyzed 
included patients’ age, BMI, PSA values, weight of resected tis-
sue, and histopathological diagnosis. The data of patients from 
both groups were compared to look for differences in prostate 
zonal anatomy after each procedure. The impact of preoperative 
prostate size and resected prostate weight on postoperative TZ 
and PZ volume was studied. 

Magnetic Resonance Imaging
All MRI examinations were performed on a 3.0 T MR scan-
ner (Trio and Skyra, Siemens Healthineers, Erlangen, Germany 
or Discovery, General Electric, Milwaukee, Wis, USA). The 
patients were imaged in supine position with a phased-array 
body coil placed over the pelvis. An endorectal coil was not 
utilized. The standard prostate MRI protocol used at our insti-
tution includes a single shot turbo/fast spin-echo T2-weighted 
axial and coronal localizer images through the pelvis; turbo/fast 
spin-echo T2-weighted axial, coronal, and sagittal small field 
of view images without fat saturation through the prostate and 
seminal vesicles; turbo/fast spin-echo T2-weighted axial images 
with fat saturation through the pelvis; echo-planar axial diffu-
sion-weighted images through the prostate and gradient-echo 
T1-weighted axial images without fat saturation through the 
pelvis. Dynamic contrast-enhanced axial T1 images without fat 
saturation are obtained through the pelvis after injecting 0.1 mm/
kg of multi-hance at 2.0 cm3 per second followed by a 20 mL 
saline flush. Dynamic contrast-enhanced images are obtained 
every 9.4 seconds for 5 minutes following injection of contrast.

Main Points

•	 Debulking procedures for benign prostatic hyperplasia such 
as transurethral resection of the prostate and Holmium laser 
enucleation of prostate involve resection or enucleation of the 
transition zone (TZ).

•	 A well-performed bladder outlet procedure results in near-
complete elimination of the TZ irrespective of the size of the 
prostate as confirmed by magnetic resonance imaging prostate

•	 The volume of peripheral zone is consistent across the entire 
spectrum of prostate size.
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The transverse size was measured in the axial plane at the area 
of maximal diameter, from the inner margin of the external pros-
tatic capsule and the longitudinal diameters were measured in the 
midsagittal plane. The craniocaudal dimension was measured by 
using coronal images. For study purposes, the anterior fibromus-
cular stroma was considered as part of PZ volume. Total prostate 
volume (TPV), transition zone volume (TZV), and PSA density 
(PSAD) were evaluated. Peripheral zone volume was evaluated 
by subtracting TZV from the TPV. The prostate volume was 
calculated on T2-weighted images according to the “Prolate 
Ellipsoid” formula: volume = AP × transverse × length × 0.52.10

Statistical Analysis
Statistical analysis was performed with Statistical Package for 
the Social Sciences 24 software (IBM SPSS Corp.; Armonk, NY, 
USA). Continuous variables were presented as mean ± standard 
deviation or medians and interquartile ranges [25th-75th] in accor-
dance with data distribution and were analyzed with the Welch, 
Mann–Whitney U test, or Wilcoxon test as required. Categorical 
variables were presented as absolute variables and frequencies 
and were analyzed with the chi-square test or Fisher exact test as 
required. A P value <.05 was considered statistically significant.

Results

A total of 21 patients met the inclusion criteria for this pilot study. 
Nine patients underwent TURP and the remaining 12 patients 
underwent HoLEP. Patients’ demographic data including age, 
body mass index (BMI), and pre- and postprocedural PSA levels 
were comparable between both groups (Table 1). Although the 
median preoperative prostate volume in the HoLEP group was 
higher than the TURP group, the difference was not found to 
be statistically significant (101.5 g vs. 62 g; P = .102), and the 
weight of resected prostate in HoLEP was significantly greater 
than TURP (63.2 g in HoLEP vs. 15 g in TURP, P value = .004). 

Preprocedure prostate biopsy was performed in 8/9 patients in 
the TURP group versus 4/12 patients in the HoLEP group and 
was negative for PCa. However, more than 75% of the patients 
in both groups (9/9 in the TURP group and 8/12 in the HoLEP 
group) were diagnosed to have varying grades of incidental 
PCa on postoperative histopathological evaluation of pros-
tate tissue. Majority of patients were diagnosed with low-risk 
(Gleason Grade group 1) PCa. All patients with Gleason Grade 
group 1 continued to be on active surveillance, whereas men 

Table 1.  Comparison of the Perioperative Variables Between Patients Who Underwent TURP Versus HoLEP

Variables
TURP

n = 9 (42.9%)
HoLEP

n = 12 (57.1%) P
Age (year) 71.8 ± 11.2 66.9 ± 7.7 .281a

BMI (kg/m2) 28.3 ± 5.4 28.9 ± 5.6 .779a

Preprocedure prostate volume (cm3) 62 [41.5-84] 101.5 [44.5-164.3] .102b

Preprocedure PSA (ng/mL) 3.2 [1.3-5.3] 3.9 [2.8-7.1] .434b

Preoperative biopsy 

  Yes (%) 8 (88.9%) 4 (33.3%)

  No (%) 1 (11.1%) 8 (66.7%) .024d

Weight of resected tissue (g) 15 [5.8-30.5] 63.2 [35.8-131.5] .004b

Postoperative PSA (ng/mL) 1.1 [0.9-2.5] 0.7 [0.4-1.2] .270b

Biopsy diagnosis after procedure

  BPH (%) 0 2 (16.7%)

  Gleason Grade group 1 (%) 5 (55.6%) 6 (50%)

  Gleason Grade group 2 (%) 2 (22.2%) 2 (16.7%)

  Gleason Grade group 3 (%) 1 (11.1%) 0

  Gleason Grade group 4 (%) 0 1 (8.3%)

  Gleason Grade group 5 (%) 1 (11.1%) 1 (8.3%) .588c

Time interval between procedure and MRI (day) 160 [74-335] 121 [75.8-26.8] .644b

Postprocedure TPV (cm3) 27 [21.9-38] 24.1 [16.7-28.3] .393b

Postprocedure TZV (cm3) 5.80 [2.60-12.65] 4.50 [2.15-5.75] .302b

Postprocedure PZV (cm3) 21.2 [11.8-30.3] 18.5 [13.9-22.3] .670b

Postprocedure TZ index 0.22 [0.09-0.36] 0.20 [0.10-0.24] .592b

Postprocedure PSA density (ng/mL) 0.051 [0.028-0.097] 0.036 [0.020-0.088] .522b

BPH, benign prostatic hyperplasia; BMI, body mass index; MRI, magnetic resonance imaging; PSA, prostate-specific antigen; TPV, total prostate volume; PZV, peripheral 

zone volume; TZV, transition zone volume. Mean ± standard deviation; medians and interquartile ranges [25th-75th].
a Welch test, b Mann–Whitney U test; cChi-square, d Fisher exact test.
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with intermediate-risk and high-risk PCa have been treated with 
either radiation therapy or radical prostatectomy.

The median postprocedure TPV was approximately the same in 
both groups (24.1 g in HoLEP group vs. 27 g in TURP group, 
P = .393). In terms of the prostate morphology on the MRI, there 
was no significant difference between TPV, the PZV, and there-
fore the TZ Index (TZI) which was 0.22 in group 1 and 0.20 in 
group 2 (Figure 1A). The difference in postoperative PSAD 
was also found to be statistically insignificant (P value = .522) 
(Table 1). The postoperative TZV and PZV remained rela-
tively constant irrespective of preoperative prostate size. The 
median PZV on postoperative MRI ranged between 11.8 and 
22.3 cm3 and was found to be independent of preoperative TPV 
(Figure 1b, 1c, 1d). The demonstration of this can be seen in 
3 patients of varying prostate sizes treated with HoLEP wherein 
the entire TZ can be seen to be enucleated leaving behind a 

similar-sized PZ in prostates of all sizes (Figures 2A, 2B, 2C, 
3A, 3B, 4A, 4B, 4C). Additionally, the comparison of pre- and 
postprocedure MRI in selected patients from our study provides 
an anatomical proof of concept that “a complete removal of 
prostate adenoma” by any surgical technique results in complete 
removal of TZ thereby leaving behind PZ of prostate along with 
a widely open prostatic urethra (Figures 2A, 2B, 2C, 3A, 3B, 
4A, 4B, 4C, 5A, 5B).

Discussion

Hastak et al11 initially reported the morphological changes in 
the prostate on transrectal ultrasound (TRUS) after 6-10 weeks 
post-TURP. Subsequent studies confirmed that the TPV mea-
sured by TRUS is comparable with findings on multiparamet-
ric MRI and both have excellent agreement with real prostate 

Figure 1.  a-d. Comparison between zonal anatomy post-TURP and HoLEP. TURP, Transurethral resection of the prostate; HOLEP, 
Holmium laser enucleation of prostate.
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weight of the surgical specimens.12,13 However, TZV mea-
surement on TRUS is operator dependent and its accuracy is 
controversial.14 Some authors report significant discrepancies 
between TRUS determination of TZV when compared with 
enucleated adenoma weight.15

In our pilot study, we evaluated the RP morphology after TURP 
and HoLEP by multiparametric MRI. Although the median 

preprocedure prostate volume was almost double in the HoLEP 
group as compared to the TURP group and the resected pros-
tate in HoLEP was significantly greater than TURP, the median 
postprocedure TPV was approximately the same in both groups. 
The resected volume variation between HoLEP and TURP in our 
series was similar to other contemporary studies which also dem-
onstrated increased resected tissue volume with HoLEP.16 The 
median resected weight was only 15 g in TURP group when the 

Figure 2.  a-c. T2 weighted axial MRI images before and 6- week and 3 year after TURP procedure (volume in cc).

Figure 3.  a,b. T2 weighted coronal MRI images before and 7 month after HoLEP procedure (volume in cc).
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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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