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Purpose: Benign prostatic hyperplasia-associated massive hemorrhage is a urological emergency. We evaluated the outcome from immediate transurethral plasma kinetic enucleation of the prostate gland (i-TUPKEP) for BHM treatment.

Methods: We retrospectively analyzed the records of 49 patients with acute BMH who underwent i-TUPKEP between January 2014 and November 2018 at our institution. The hemostatic effect, International Prostate Symptom Score (IPSS), and quality of life (QoL) score were evaluated preoperatively as well as 3, 6, and 12 months postoperatively. Postoperative follow-up also included measurement of the peak flow rate (Qmax) and post-void residual urine volume (PVR). Clinical characteristics, weight of resected tissue, duration of bladder irrigation, duration of hospital stay, complications, as well as the time required for enucleation and resection, were recorded.

Results: BMH causes were attributed to transurethral surgery (17/49, 34.7%), violent catheterization (13/49, 26.5%), cystoscopy (10/49, 20.4%), and urethral dilatation (9/49, 18.4%). Bleeding was from different sites of prostate-gland tissues during i-TURKEP. i-TUPKEP-controlled BMH effectively induced immediate, notable, and lasting improvements in the IPSS and QoL score. Qmax was close to normal, and the PVR was within the physiological range, postoperatively. Long-term complications were not observed.

Conclusion: Our preliminary data suggest that i-TUPKEP is a feasible method for controlling BHM and relieving BPH symptoms.
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INTRODUCTION

Hematuria is a common complication of benign prostatic hyperplasia (BPH), which is often caused by injury to the prostatic urethra and gland (1). Although mild bleeding can be controlled through conservative treatment methods (2, 3), massive hemorrhage due to transurethral examination and/or surgery can develop into a urological emergency (4, 5). Rapid and extensive deposition of blood clots in the bladder can lead to catheter blockage, induction of bladder contractions, and aggravation of pain. Moreover, persistent blood loss without effective control can induce cardiovascular and cerebrovascular complications or lead to hemorrhagic shock and, sometimes, death (6, 7). Therefore, eliminating blood clots from the bladder and controlling BPH-associated massive hemorrhage (BMH) at the earliest opportunity is crucial.

In general, BMH indicates a need for surgical intervention. However, most patients with BPH patients are elderly and likely to have one or more diseases, so the risks of surgery and anesthesia increase exponentially (5, 8). Transurethral resection of the prostate gland (TURP) is a minimally invasive method to treat BMH. During TURP, blood clots can be cleared and the bleeding points can be found and treated by electrocoagulation. Nevertheless, good control of bleeding is a major challenge for the urologists (9). Some of the bleeding sites may be hidden in prostate-gland tissue, which will be shrunken and edematous. Moreover, residual prostatic tissue after TURP in this setting is likely to become a new bleeding site. In some cases, patients have to undergo another surgical procedure to stop the bleeding, which leads to an overall increased risk of complications (5, 6).

Transurethral plasma kinetic enucleation of the prostate gland combines the traits of a bipolar plasma kinetic device and enucleation of the prostate gland. TUPKEP has notably improved the efficacy and safety of transurethral surgical procedures for patients with BPH, especially with respect to bleeding control (10, 11).

Reports on TUPKEP application for BMH are rare. In consideration of the advantages of TUPKEP, we postulated that this method may be an alternative method for controlling BMH. After accumulating sufficient experience in using TUPKEP for BPH, we explored the efficacy and safety of TUPKEP for controlling BMH.

Our institution employs TUPKEP to eliminate blood clots and enucleate and resect the hyperplastic prostate gland in a one-stage emergency procedure for treating BMH, which is defined as “immediate TUPKEP” (i-TUPKEP). Here, we focused on evaluating the outcomes of i-TUPKEP for treating BMH.



MATERIALS AND METHODS


Ethical Approval of the Study Protocol

The patients provided written informed consent before i-TURKEP. The study protocol was approved by the Ethics Review Board of Third Xiangya Hospital at Central South University (Changsha, China).



Study Design

We retrospectively analyzed the records of 837 consecutive patients who underwent TUPKEP between January 2014 and November 2018 at Third Xiangya Hospital.



Inclusion Criteria

The criteria for study inclusion were patients receiving TUPKEP for the following reasons: (i) BPH with active hemorrhage and extensive blood clots deposited in the bladder; (ii) continuous bladder irrigation was obstructed frequently and failed to alleviate pain and bladder contractions; (iii) BMH occurred immediately after inappropriate transurethral surgery or actions (e.g., repeat violent catheterizations, urethral dilatation, and cystoscopy).



Exclusion Criteria

The exclusion criteria were a history of: (i) carcinoma in the prostate gland; (ii) taking anticoagulants or coagulation disorders in the perioperative period; (iii) myocardial infarction, cerebral infarction, or cerebral hemorrhage within 3 months before TUPKEP; (iv) neurogenic bladder, urethral stricture, or surgery of the lower urinary tract.



Assessment Parameters

The patients underwent tests for the prostate-specific antigen (PSA) level; the hemoglobin level; serum levels of electrolytes, glucose, lipids, myocardial enzymes, brain natriuretic peptide, D-dimer; coagulation function; and liver and kidney functions. After hospital admission, blood-pressure measurement, electrocardiography, chest radiography, abdominal ultrasonography, and computed tomography were also conducted. Lower urinary tract symptoms (LUTS) were evaluated by the International Prostate Symptom Score (IPSS) and the Quality of Life (QoL) score based on status over the previous month before hospital admission. The prostate volume was assessed using transrectal ultrasonography (12). Owing to indwelling catheters, the patients did not undergo testing of the urinary flow rate or post-void residual urine volume (PVR) before surgery.



Preoperative Treatments

Intravenous access was established rapidly. Central venous catheterization was undertaken if the patient had complications related to anemia and reduced blood pressure. Fluid rehydration and blood transfusion were carried out, and vasoactive drugs were administered (if necessary) based on the patient's condition. The preoperative blood pressure was maintained above 100/60 mmHg. All the patients were given antibiotics 30 min before the surgical procedure and received general anesthesia. All surgical procedures were undertaken by the same senior surgeon, who had >10 years of extensive experience in carrying out minimally invasive surgical procedures for BPH.



Instruments and i-TUPKEP Procedure

An isoionic bipolar electrical cutting system (Gyrus Medical, Cardiff, Wales) used 200 W and 100 W for cutting and coagulation, respectively. Physiologic (0.9%) saline served as the irrigation fluid. A 27-Fr resectoscope with a loop was placed in the bladder through video-assisted endoscopic guidance system. Initially, blood clots were removed from the bladder using an Ellik evacuator. If removal of blood clots by the Ellik evacuator was difficult, the loop could be used for cutting them into small pieces. Overall observation of the urethra, verumontanum, prostatic urethra, bladder, and bilateral ureter orifices was done to determine the bleeding site. The main method of TUPKEP was based on the experience described by Xu and colleagues (13). The improvement we made was that the hyperplastic gland in the 12 o'clock position was resected in a retrograde fashion from the apex toward the bladder neck by the loop electrode instead of enucleation. A small and thin “pad” of the gland located between the 12 o'clock position of the urethral glands and apex was retained to improve urinary continence.



Definition of “Surgical Success” and Postoperative Treatments

The success of the surgical procedure was defined as no-active bleeding after the surgical procedure. An indwelling, standard 20-F three-way catheter was used after the procedure, which was connected with a pump containing.9% saline for continuous irrigation of the bladder. Drainage was halted until hematuria had resolved sufficiently. As a routine procedure, the catheter was extracted 5 days after completion of the surgical procedure.



Follow-Up

The patients were evaluated using the IPSS, QoL score, PSA level, hemoglobin level, blood pressure, the weight of all the prostatic fragments (in g), as well as the time needed for enucleation and resection and postoperative bladder irrigation during the perioperative period. Follow-up was conducted at 3, 6, and 12 months after surgery, which included assessment of the IPSS, QoL score, maximum urine flow rate (Qmax) and the PVR. Postoperative complications were classified using the Clavien–Dindo system (14).



Statistical Analyses

Data are the median, with minima and maxima. Mann–Whitney U test was used to analyze the differences between two independent samples, while Wilcoxon signed-rank test was used to analyze the differences between two related samples. Statistical analyses were conducted using SPSS 20.0 (IBM, Armonk, NY, USA). p < 0.05 was considered significant.




RESULTS


Bleeding Causes

Of the 837 participants, 49 patients satisfied the inclusion criteria mentioned above. Table 1 outlines the baseline demographic data (including vital signs, anemia severity, and LUTS). The major cause of massive hemorrhage was TURP: 17 patients (17/49, 34.7%) had received TURP before hospital admission. Of the 17 patients who had a history of TURP, eight patients (8/17, 47.1%) had received an emergency transurethral procedure one to two times to control bleeding and to clear blood clots before being transferred to Third Xiangya Hospital. Six patients (6/17, 35.3%) had suffered from hemorrhagic shock before the surgical procedure, with one of them being assisted by mechanical ventilation for pulmonary dysfunction before hospital admission. Other causes included inappropriate transurethral actions (e.g., repeatedly violent catheterization; 13/49, 26.5%), cystoscopy (10/49, 20.4%), and urethral dilatation (9/49, 18.4%).


Table 1. Perioperative characteristics of the patients with BMH (median, minima to maxima).
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The systolic blood pressure upon hospital admission was significantly lower in the patients who had ever received TURP (median 95 mmHg, p < 0.05) than that for other patients. Anemia was much more severe in the patients who had a TURP history (hemoglobin: median 88 g/L, p < 0.05), and 10 (10/17, 58.8%) of these patients required an infusion of homotypic concentrated erythrocyte suspension before the surgical procedure, whereas only three (3/32, 9.4%) patients without a TURP history needed a transfusion.



Bleeding Locations

The bleeding site was demonstrated to be from the prostatic urethra intraoperatively. The patients without a TURP history commonly had edema, hyperemia, and ulceration in the prostatic urethral mucosa, along with dilated submucosal veins. Parts of the urethral mucosa or urethral glands were injured, which were mainly located in the mid lobe (23/32, 71.9%) and lateral lobes (9/32, 28.1%). Edema was present in the prostatic urethral mucosa of all the patients with a TURP history. The wound surface of these patients was uneven and, in general, had active bleeding, located mainly at the 12 o'clock position (8/17, 47.1%) and apex of the prostate gland (7/17, 41.1%), followed by the lateral urethral glands (2/17, 11.8%) (Table 1).



Intraoperative Situation

i-TUPKEP was achieved for all the patients. In the patients with a TURP history, several residual hyperplastic glands were retained, and the surgical capsule could be identified readily from the verumontanum position for enucleation.

The surgical procedure was completed with stable vital signs and without transurethral resection syndrome for all the patients. Only one (1/49, 2%) patient needed a blood transfusion intraoperatively, and no patient (0/49) needed a blood transfusion postoperatively. Also, bleeding was controlled effectively in all the patients (Table 1).



Follow-Up

All the patients completed the first follow-up 3 months after the surgical procedure. Also, 91.8% (45/49) of the patients returned to Third Xiangya Hospital for review 6 and 12 months after the surgical procedure, whereas four (4/49, 8.2%) patients were lost to follow-up. The IPSS and QoL score improved significantly compared with that before surgery (p < 0.05). During 12-month follow-up, the IPSS and QoL score remained relatively stable. The mean value of Qmax was close to normal, and the PVR was within the physiological range (Table 2).


Table 2. Follow-up data stratified by the causes of BMH (median, minima to maxima).
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Treatment-Related Adverse Events

Dysuria was identified in two patients (2/49, 4.1%) after the first time the catheter was extracted. The catheter was inserted again, and antibiotic therapy was used for 1 week. Two patients could urinate by themselves after extubation again. Seven cases (7/49, 14.3%) were complicated with a urinary-tract infection within 2 weeks of completion of the surgical procedure, and nine cases (9/49, 18.4%) had irritation or pain within the urinary tract, but relief was obtained after receiving symptomatic treatments. Only one patient (1/49, 2%) with a TURP history suffered from transient urinary incontinence, but his symptoms resolved within 2 weeks with daily training of the levator ani muscle. Anterior urethral strictures occurred 3 months after the surgery for three patients (3/49, 6.1%). The optimal treatment method was regular urethral dilation after anesthesia of the urethral mucosal surface using 2% lidocaine. Recurrent active hematuria, secondary operation, or death was not recorded (Table 3).


Table 3. Treatment-related adverse events.
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DISCUSSION

Several aggressive transurethral actions [e.g., catheterization (15), urethra dilation (16), and cystoscopy (17)] can injure the mucosa, submucosal vessels, and, in particular, the hyperplastic mid lobe of the prostate gland, which may result in formation of a false passage and bleeding. We observed the mid lobe to be the most common bleeding site in the patients without a TURP history.

Massive hemorrhage is a severe complication of TURP (5, 18). In our study, the apex (7/17, 41.2%) and top lobe (12 o'clock position, 8/17, 47.1%) were the most common bleeding sites in the patients with a TURP history. For inexperienced surgeons, incomplete electrocoagulation on the uneven wound surface resulting from incomplete resection of hyperplastic glands, especially at sites of a relatively blinded area of the resectoscope (e.g., the 12 o'clock position of glands), may lead to severe bleeding. Moreover, to protect the external sphincter, some surgeons do not undertake efficient hemostasis at the apex of the prostatic urethra (which was also a common bleeding site in the patients in the present study). We observed that it was more urgent to deal with BMH secondary to TURP.

In addition to systemic support, the basic principles of BMH treatment are: (i) removing blood clots from the bladder; (ii) controlling bleeding; (iii) keeping the bladder drainage unobstructed (of which controlling bleeding is the core procedure). The means of hemostasis are compression of the bladder neck by a catheter balloon (19), transurethral surgery (5), and open surgery (20). Furthermore, if the patient suffers excessive loss of blood and cannot tolerate anesthesia or surgery, selective prostatic artery embolization (PAE) may be considered (21, 22). However, compression of the bladder neck and PAE cannot be employed to remove blood clots and relieve obstruction of the bladder outlet, and the hemostatic effect of these actions is uncertain. Open surgery is not first-line treatment if minimally invasive surgery is possible and safe. Therefore, if the condition permits, transurethral surgery is an ideal option for BMH because it meets all of these three principles stated above and elicits less trauma.

TURKEP combines the advantages of transurethral surgery, open prostatectomy, and a bipolar plasma kinetic system. TUPKEP is characterized by complete hemostasis, little bleeding, safety, and effective relief of bladder-outlet obstruction (10, 23, 24). During TUPKEP, a relatively loosened gap between the peripheral (surgical “capsule”) zone and the transitional zone can be exposed readily by blunt dissection (25). The surface of the capsule is smooth and characterized by a pale color and clear supply vessels. In our i-TUPKEP procedure for the patients with a TURP history, we could obtain access to the capsule and carry out enucleation. The residual glands after the previous TURP procedure can be utilized as indicators to expose the capsule.

Our single-center experience indicated that complete enucleation of proliferative glands with active bleeding and coagulation on the capsule surface could achieve effective hemostasis from the source. The bipolar plasma kinetic system can produce localized high-frequency energy, which passes through the conductive irrigation solution (0.9% saline) to tissue. In the cutting mode, if energy is sufficient, the solution is converted into a vapor layer with energy-charged particles, which touch the tissue to be resected directly, and cause its disintegration with low thermal damage to surrounding tissue. In the coagulation mode, a locally limited energy field with high power density is produced to coagulate bleeding vessels at the tissue surface. The energy is focused without being wasted on deeper tissue layers, which is efficient and safe. Owing to these traits of the system, during i-TUPKEP, the view of the surgical field upon the capsule surface is clear without damage after coagulation. Furthermore, after enucleation, electrosurgical excision of ischemic glands becomes safer and more rapid. Postoperatively, owing to improvement of contraction of the surgical capsule, the risk of re-bleeding on the wound surface is decreased markedly (26).

None of our patients suffered from active bleeding again after i-TUPKEP. The relief of symptoms due to BPH after i-TUPKEP was also satisfactory. During 12-month follow-up, the subjective indicators (the IPSS and the QoL score) of LUTS were improved, and the objective indicators (Qmax and PVR) were in the physiological range. However, the patients completed the questionnaires in a state of pain, which could have caused a bias in the rating process. In the future studies, more indicative parameters (e.g., the pain score) should be used for correction and evaluation.

Transient incontinence is a common complication associated with TUPKEP (27). During the surgical procedures, we carried out a small part of glands at the 12 o'clock position of the capsule and was kept as an “isolation pad.” The latter can protect the urethral sphincter from thermal damage during electrocoagulation. In our study, only one patient suffered from temporary incontinence. Infection is another common adverse event during transurethral surgery. Postoperatively, especially for the patients with small glands, inflammatory stenosis is prevalent in the prostatic urethra, which can result in dysuria after extubation (28, 29). Two cases in this setting were observed in our study, but, after placement of an indwelling catheter for 1 week and infection control, the urination symptoms improved.

Our study had five main limitations. First, our study had a retrospective design. Second, this was a single-center study. Third, the follow-up period was short (12 months). Fourth, the study cohort was small (49 cases). Fifth, i-TUPKEP was first-line treatment for BMH in our institute during the study period. Hence, there was no other method (e.g., TURP) for comparison with i-TUPKEP.

Prospective controlled studies with long-term follow-up can provide a more detailed description of the efficacy and safety of i-TUPKEP and aid exploration of the best treatment method for BMH.



CONCLUSIONS

This was a preliminary study. Nevertheless, if preparation is satisfactory, i-TUPKEP can be employed to treat patients with BPH with BMH. Ideally, i-TURKEP should be carried out by a surgeon with experience in TUPKEP.
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Patients number (n = 49) 9 13 10 17
Age (year) 72 (66-78) 72 (65-82) 71(65-79) 74 (67-80)
PV/(mi) 84 (62-87) 79 (66-107) 82 (61-97) 60 (49-73)
PSS 33 (28-36) 30 (20-35) 29 (27-36) 30 (28-33)
QoL 435 4(3-5) 4(8-5) 4(4-5)
PSA (ng mi~") 26(1.1-35) 25(1.7-35) 24(1.58.1) 27(2.2-36)
Bleeding site

Apex lobe 0 0 4 7

Lateral lobe 2 4 3 2

Top lobe" 0 0 0 8

Mid lobe 7 9 7 Y
Operative time (min) 51(41-75) 56 (41-64) 52 (43-69) 31(26-42)

Enucleation time 25 (17-39) 25 (18-32) 23 (18-27) 17 (14-20)

Resection time 26 (21-42) 27 (20-39) 28 (25-34) 14(9-24)
SBP (mmHg)

Pre-operation 109 (100-121)* 106 (97-123)* 1105 (108-123)* 95 (86-108)

Post-operation 123 (17-134) 130 (114-141) 121 (111-135) 130 (116-139)
Preoperative hemoglobin (g 1) 99 (©1-107) 97 (87-110) 101.5 (96-108) 88 (84-95)*
Decrease in hemoglobin (g di~") 15(06-2.2) 1.3(06-2.8) 1.6(1-25) 1.6(1.1-2.5)
Decrease in sodium (mmol I-) 03(0.2-0.5) 04(0.2-0.8) 0.4(0.2-15) 0.4(0.2-0.8)
Resected tissue weight () 34 (26-39) 34 (24-45) 355 (26-45) 27 (19-34)
Blood transfusion 0 0 0 1

Pre-operation 1 0 2 10

During operation 0 0 0 1

Post-operation 0 4 0 0
Irrigation time (hour) 300 4-1) 35(2-6) 4(2-5)
Hospitalization (day) 6(6-7) 6(6-7) 6(6-7) 6(5-6)

BMH, benign prostatic hyperplasia-associated massive hemorrhage; IPSS, international prostate symptom score; PSA, prostate-specific antigen; QoL, quality of life; SBF, systolic blood
pressure; TRUS, transrectal ultrasonography; UTI, urinary tract infection; VUR, vesicoureteral reflux; PV, prostate volume; Mann-Whitney U test was used to analyze the differences
between the TURP group and urethral dilatation, catheterization or the cystoscopy group with *denoting p < 0.05; #Top lobe is located in the 12 o'clock position.
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3 months
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PVR (m)
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Urethral
dilatation

9

31(20-35)
14
(13-19)*
12 (8-16)"
14
(10-16)°

4(8-5)
3-8y
29
2022

12 (10-16)
12(11-14)
13 (12-15)

28 (27-84)
29 (27-30)
28(25-29)

Catheterization

31 (20-35)
14 (10-19)"

12 (8-16)"
15 (11-15)*

4(3-6)
2(2-8)
2(2-9)
2(2-9)

13 (11-16)
12 (10-16)
14 (12-15)

27 (24-31)
25 (25-30)
25 (21-28)

Cystoscopy

33 (29-35)
17 (18-19)"

15 8-17)"
13 (9-16)"

4(4-5)
3 (297
2(2-9)”
22y

14 (10-15)
13(11-14)
13 (12-15)

20 (27-34)
29 (27-30)
27 (25-29)

TURP

30 (28-33)
14.(11-17)"

13 (10-16"
12 (10-15)"

4 (4-5)
2(2-9)"
22
229

15 (12-16)
14 (12-16)
14 (12-15)

27 (23-84)
27 (26-30)
25 (23-30)

Qmax, maximum flow rate; PVR, post-void residual urine volume; Wilcoxon signed-rank
test was used to analyze the differences between the baseline and 3 months, 6 months,
or 12 months with *denoting p < 0.05.
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