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Irrigation with water during transurethral resection of
the prostate (TURP) induces intravascular hemolysis
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Background: The transurethral resection syndrome TUR syndrome is the most serious complication following
transurethral resection of prostate (TURP).

Obijective: We compared 5% dextrose in water with sterile water as an irrigating solution and evaluated
postoperative intravascular hemolysis.

Methods: A prospective, randomized, controlled trial of 41 benign prostatic hypertrophy (BPH) patients who
underwent TURP. The differences between preoperative and postoperative free plasma hemoglobin were measured
by using a spectrophotometric method to determine the degree of intravascular hemolysis. Serum glucose and
electrolytes were measured preoperatively and postoperatively. Signs and symptoms of TUR syndrome were
recorded. Prostatic tissues were weighed. Volumes of irrigating fluid were recorded.

Results: Free plasma hemoglobin was significantly increased in the sterile water group (n = 21) and higher than
in the 5% dextrose in water group (n = 20) (p < 0.001). The postoperative plasma glucose was higher in the 5%
dextrose in water group (p = 0.007). None of patients developed a TUR syndrome. There was no difference in
other serum electrolytes between both groups.

Conclusion: Intravascular hemolysis can be prevented by using 5% dextrose in water instead of sterile water.
No correlation between hemolysis and TUR syndrome was found in TURP patients with postoperative stable
serum sodium.
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transurethral resection syndrome

Benign prostatic hypertrophy (BPH) is the most
common benign tumor of ageing men. It is caused by
proliferation of epithelial and smooth muscle cells of
the prostate. Symptoms of BPH include urinary
discomfort, hematuria, bladder stones, recurrent
urinary tract infection, bladder outlet obstruction, and
sexual dysfunction [1-3], but up to 19% patients are
asymptomatic [4]. The incidence of acute urinary
retention in BPH patients is about 2% [5]. Several
medical treatments and surgical procedures are
approved to relieve the BPH symptoms, such as
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a-adrenoreceptor antagonists, Sa-reductase inhibitors,
or combined medications [6-8]. Novel and less invasive
surgical techniques, including laser enucleation,
transurethral microwave thermotherapy, and
transurethral needle ablation are emerging [9-12].
However, 2003 AUA guidelines recommend that
transurethral resection of the prostate (TURP) remains
the criterion standard surgical intervention. This is
especially true for patients who have moderate to
severe lower urinary tract symptoms, experience
acute urinary retention, or other BPH-related
complications and medical treatment failure. [4, 9, 11].
The TURP operation is safe, requires short-stay
hospitalization and a short period of catheterization to
eradicate urinary symptoms and BPH complications.
The recurrence rate of BPH that needs additional
operations is as low as 5% over 5 years [13].
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Postoperative complications include severe
perioperative bleeding, which requires blood
transfusion, intraoperative infection, urinary
incontinence, retrograde ejaculation, sexual
dysfunction, and fluid overload. These complications
can be expected in less than 20% of cases [14-16].
Fluid overload is the most common complication
and is caused by significant intraoperative fluid
being absorbed into the systemic circulation. In an
uncomplicated procedure, approximately 5%—-10% of
the fluid used for irrigation during the operation
(approximately 1-2 liters) would be absorbed into
the circulation. However, in rare circumstances, the
amount of absorbed fluid is much greater. Sudden fluid
overload can cause postoperative renal damage, brain
edema, and hyponatremia [15]. Other risk factors for
TUR syndrome include prolonged operating time and
surgical complications. Other adverse consequences,
such as bleeding, infection, stricture, sexual
dysfunction, urinary incontinence, and urinary retention
are infrequent [16, 17].

The risk of excessive fluid absorption during TURP
depends on skill of the urologists, the operating time,
and type of fluid used for irrigation. Sterile water,
glycine solution, normal saline, and 5% dextrose in
water are common irrigating solutions used. Sterile
water was observed to be associated with higher
chances of intravascular hemolysis and acute renal
failure compared with other irrigating fluids [18].
Nesbitt and Glickman reported that 1.1% and 2.1%
glycine induced a significantly lowered the degree
of hemolysis compared with sterile water, and
lowered the incidence of the TUR syndrome [19].
TUR syndrome is uncommon, but it can cause serious
surgical complications caused by severe hyponatremia
because of massive absorption of low sodium irrigating
fluid. However, recent studies reported that glycine
irrigation is associated with a higher prevalence of
the TUR syndrome than normal saline, 5% dextrose
in water or sterile water. Collins reported that no patient
developed TUR syndrome post-TURP when using 5%
dextrose in water, but it occurred in the 1.5% glycine
group. This finding is supported by findings from
numerous investigators including those from a previous
study [20]. Collins also revealed that TUR syndrome-
free patients seemed to have insignificant changes in
pre- and postoperative levels of sodium, potassium,
urea, creatinine, osmolarity, calcium, hematocrit, and
albumin serum level (defined as a change from before
to after TURP in hemoglobin level, accounting for

transfusion) [21], while many evidences indicated that
hyponatremia and hyperkalemia are common in
postoperative TURP patients using 1.5% glycine
irrigation [22].

It is unfortunate that urologists in most of the
hospitals in Thailand and some other countries use
sterile water as an irrigating fluid during TURP. This
inevitably increases the risk of fluid absorption,
intravascular hemolysis, and TUR syndrome.
Intravascular hemolysis is a result of abruptly
decreased plasma osmolarity, and can be found in
massive hypo-osmolar fluid-absorbing patients. It was
believed that 1 liter of sterile water, absorbed within
an hour, can reduce plasma sodium level by 8 mEq/L,
and abruptly decreased serum osmolarity and could
aggravate intravascular hemolysis and TUR syndrome-
like symptoms. Some urologists prefer to use 5%
dextrose in water or normal saline, which are isotonic,
as an irrigating fluid to prevent massive hemolysis
postoperatively. This study aimed to investigate the
association between intravascular hemolysis and the
type of irrigating fluid used intraoperatively, and the
risk for TUR syndrome development postoperatively.

Patients and methods
Subject and specimen collection

Forty-one patients who underwent TURP at
King Chulalongkorn Memorial Hospital were enrolled
in this prospective, randomized, controlled trial and
randomly allocated to either irrigation during TURP
with sterile water or 5% dextrose in water. The sample
size of this study was calculated by using a pilot study
of differences between free plasma hemoglobin pre-
and post-TURP in both sterile water and 5% dextrose
in water groups. The mean and standard variation of
free plasma hemoglobin inthe sterile water group were
59.01 and 42.84 mg/dL, and in the 5% dextrose in water
group were 12.95 and 34.02 mg/dL, respectively.
Patients who had diabetes mellitus, chronic hemolysis,
rhabdomyolysis, or had received blood transfusions
within 3 months before or during TURP were
excluded. Informed consent was given in writing by
all participants. The research protocol was approved
by the Ethics Committee, Faculty of Medicine,
Chulalongkorn University.

Preoperative blood samples were collected
individually in the morning before TURP. Complete
blood count, fasting plasma glucose, blood urea
nitrogen, creatinine, sodium, potassium, chloride,



Vol. 7 No. 6
December 2013

bicarbonate, and free plasma hemoglobin were
measured.

Immediately after TURP, a second blood sample
was collected. Prostatic tissues were weighted.
Volumes of input and output irrigating fluids were
recorded.

A third blood sample was taken in the late
postoperative TURP period, which is about 24 hours
after TURP was performed.

Symptoms and signs of TUR syndrome were
observed. Postoperative hyponatremia is defined
by a sodium level after TURP of <125 mEqg/L. Fully
developed TUR syndrome included hyponatremia with
two or more symptoms or signs of the TUR syndrome
such as nausea, vomiting, bradycardia, hypotension,
hypertension, chest pain, mental confusion, anxiety,
paresthesia, or visual disturbances.

Free plasma hemoglobin measurement

Free plasma hemoglobin was calculated by
spectrophotometry. Blood samples were collected in
an EDTA container and sent to the laboratory within
1 hour for immediate centrifugation and plasma
separation. Plasma was treated with Na,(CO,) and
measurement of absorbance (OD) at the wavelength
of 415, 450, and 700 nm calculated by the equation:

Free plasma Hb (mg/dL) = 154.7 A, . — 130.7
A.,—1239A  (CarlA.B., Tiezt Textbook of Clinical

700
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Chemistry 2" edition (1994), WB Saunders Company).

Statistical analysis

SPSS for Windows, version 13 was used to test
for differences between the plasma variables in both
participating groups. ANCOVA was used to assess
the change of free plasma hemoglobin preoperatively
and postoperatively. An unpaired t test was used to
assess other blood values and variables. To verify the
correlation between free plasma hemoglobin and
serum sodium Pearson’s correlation coefficient was
examined. Statistical significance was defined as
p < 0.05.

Results

Of 41 patients, 21 were enrolled into the sterile
water and 20 into the 5% dextrose in water group.
Average age of all participants was 69.4 + 9.3 years
old (range 49 to 88 years old). There was no significant
difference in age, operative time, irrigating fluid volume
used during the operation or the weight of prostate
tissue resection (Table 1). Amongst these patients,
76% underwent TURP (81% in sterile water and 76%
in 5% dextrose in water groups), while the rest have
simultaneously additional operations. Prostatic cancer
was diagnosed in 4 patients (10% in sterile water and
10% in 5% dextrose in water).

Table 1. Baseline characteristics of participants in sterile water and 5% dextrose in water groups

Sterile water 5%DW

Number 2 20
Age (year) 67.43+9.90 7145+8.33
Operation time (minute) 57.14+26.81 51.75+22.32
\Volume of irrigating fluid (liter) 15.66+8.72 13.86+7.77
Weight of prostatic tissue (gram) 24.71+16.64 16.30+11.60
Type of operation (person)

- TURP 17 14

- TURP with cystolitholapaxy 1 2

- TURP with cystolitholapaxy and herniorrhaphy 0 1

- TURP with TRUS-biopsy 1 1

- TURP with transperineal prostatic biopsy 1 0

- TURwith TUI-BN 1 0

- TUR with TUI-BN with visual urethrotomy 0 1

- TURP with bilateral orchidectomy 0 1
Pathological report

- Benign prostatic hypertrophy 19(91%) 18(90%)

- Prostatic cancer 2(10%) 2(10%)

5%DW = 5% dextrose in water, TURP = transurethral resection of prostate, TRUS = transrectal ultrasound,

TUI-BN = transurethral incision of bladder neck
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Preoperative, immediate postoperative and late
postoperative total hemoglobin, BUN, creatinine and
electrolyte were not significantly changed (Table 2),
although hyperglycemia was observed in immediate
postoperative patients who underwent TURP with
5% dextrose in water irrigating fluid. Immediate
postoperative plasma glucose level was 105.1 +32.3
and 169.2 + 91.3 mg/dL in the water and 5% dextrose
in water groups, respectively, p = 0.007.

Regarding intravascular hemolysis and TUR
syndrome, we found a markedly increased free plasma
hemoglobin level in the sterile water group (280% of
baseline level) as shown in Table 3 and Figure 1.
Conversely, plasma free hemoglobin concentration
in the 5% dextrose in water group was slightly
decreased (—20.7% of baseline level). Changes in free
hemoglobin level between both groups were significant
(p < 0.001) whereas none of participants in either
group developed any symptoms or signs of TUR
syndrome. This finding suggested that, although sterile
water irrigation potentially aggravates intravascular

hemolysis in postoperative TURP patients, the
subsequent TUR syndrome should be rare, or
irrelevant. We also found that the increased level of
plasma free hemoglobin in the sterile group was
neither associated with the operative time nor irrigating
fluid volume (data not shown).

Regarding the hyponatremia, none of these
participants had serum sodium lower than 125 mEq/
L. However, five patients in the sterile water group
and three in the 5% dextrose in water group had mild
symptoms of nausea or vomiting, and only a single
patient in the sterile water group experienced self-
limiting elevated blood pressure within 24 hours after
TURP. Because of this, we concluded that none of
these subjects had fulfilled the criteria for diagnosis
of TUR syndrome. We analyzed the correlation
between free plasma hemoglobin and serum sodium
measured immediately postoperatively and late
postoperatively, but no significant correlation was
found (data not shown).

Table 2. Plasma biochemical markers in pre- and post-TURP operation periods, divided by sterile water and 5% dextrose in
water groups. Plasma glucose was increased significantly in the 5% dextrose in water group in immediate
postoperative period compared with the sterile water group (p = 0.007).

Sterile water 5%DW
pre- immediate late- pre- immediate late-
operative post-operative  operative  operative  post-operative  operative
Total hemoglobin (g/dL) 14.8+6.8 131+17 123+15 135+18 127+16 120+17
Plasma glucose (mg/dL) 94.3+£9.2 105.1+32.3 - 95.7+93  169.2+91.3* -
Blood urea nitrogen (mg/dL) 15.0+5.9 145+4.4 139+45 140+66  13.2+6.1 11.8+52
Serum creatinine (mg/dL) 11403 1.0+0.2 1.0+0.2 11+04 09+0.2 1.0+0.2
Serum electrolyte
- Sodium (mEg/dL) 1405452 138.8+45 139.14+50 1389+33 1365+56 137.2+5.2
- Potassium (mEg/dL) 4.1+05 39405 3.94+05 43405 3.7+04 3.9+04
- Chloride (mEg/dL) 102.1+36 102.9+4.4 1034445 101.0+32 101.9+47 102.9+4.1
- Bicarbonate (mEg/dL) 26.7+3.2 249+238 246+31 262+34 25+21 249+2.6

Table 3. Comparison of free plasma hemoglobin and its change between pre- and post-TURP in sterile
water and 5% dextrose in water group (*p < 0.001)

Intravascular hemolysis and TUR syndrome Sterile water 5%DW
Free plasma hemoglobin (mg/dL)
- Before TURP 25.02+32.79 31.07+30.81
- After TURP 95.12+84.05 24.65+33.61
- Change 71.53+73.82 —6.42+33-79*
(+280%) (~20.7%)
TUR syndrome 0 0
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Figure 1. Comparison of free plasma hemoglobin preoperatively and immediately postoperative TURP using sterile
water and 5% dextrose in water. Immediate postoperative free hemoglobin level is higher in sterile water group
than in 5% dextrose in water group. *p < 0.001 compared with sterile water

Discussion

Fluid irrigation is a necessary procedure in any
endoscopic surgery of the genitourinary tract. This
may result in undesirable, but unavoidable, fluid
absorption [23]. It is very difficult to estimate the
absorbed fluid volume, even though many techniques
for volume evaluation have been introduced, such as
the use of serum acid phosphatase level testing [24],
load cell transducer [25], the absorption of ethanol
[26, 27], the dilution of plasma fluorescein [28], or
even plasma electrolyte and glucose changes [22, 29].
All these techniques have limited accuracy in
predicting the degree of intravascular hemolysis,
subsequent hyponatremia or TUR syndrome.

Intraoperative fluid is absorbed intravenously
when venous sinuses are torn; meaning that most of
the fluid is in the periprostatic space. Surgeons are
concerned of the dangers of irrigant absorption, and
attempt to limit the duration of TURP, although the
TUR syndrome still occurs. To minimize the risk,
several types of irrigating solutions are recommended:
including sorbitol-mannitol and glycine. The former is
preferred in Europe, but glycine is most commonly
used in the UK and North America. There is now

increasing evidence highlighting the toxicity of both
sorbitol-mannitol and glycine solutions when absorbed
during TURP [15, 30, 31].

In Thailand, sterile water is used because it is
widely accessible and of low viscosity. The magnitude
risk of TUR syndrome with sterile water is
controversial, while many are convinced that TUR
syndrome occurs only in patients who receive sterile
water as an irrigant more frequently than other
solutions [18, 20, 27, 32]. Moharari reported that using
sterile water was not associated with significant
changes in sodium, creatinine and hematocrit,
supporting the safety of sterile water [33].

The mechanism of TUR syndrome is massive
absorption of hypo-osmolar irrigating fluid into the
circulation, causing plasma osmolarity to decrease
and fluid leakage from the brain cells, leading to brain
edema [34]. Intravascular hemolysis is another
complication observed with abrupt change in serum
osmolarity. Our objectives in this study were to
measure the risk of intravascular hemolysis in TURP
patients using sterile water and compare it with 5%
dextrose in water, and to determine if the degree of
intravascular hemolysis corresponds with TUR
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syndrome. We hypothesized that the absorption of
hypo-osmolar sterile water irrigant could induce
intravascular hemolysis compared with isotonic 5%
dextrose in water. However, in the present study, we
could not demonstrate the correlation between degree
of intravascular hemolysis and TUR syndrome,
because none of our participants was diagnosed to
have developed TUR.

Isotonic 5% dextrose in water is a common
crystalloid used in TURP because glucose is
metabolized throughout the body. It requires
approximately 13 liters to be absorbed intravenously
to expand the intravascular compartment by 1 litre.
Normal serum osmolarity is about 290 mOsm/kg. The
osmolarity of 5% dextrose in water is 285 mOsm/kg,
compared with 1.5% glycine and sterile water, which
have an osmolarity of about 190 mOsm/kg and 0
mOsm/kg, respectively [21]. This isotonic property
contributed by 5% dextrose in water may be beneficial
in reducing the possible side effects of cerebral edema
that can occur after inadvertent absorption of irrigating
fluids [21, 34]. In addition, our study shows that 5%
dextrose in water is more beneficial than sterile water
in the prevention of intravascular hemolysis.

However, 5% dextrose in water as an irrigant
can induce transient hyperglycemia, an undesirable
intraoperative condition in a diabetic patient. Some
urologists claim that using 5% dextrose in water can
make the operation more difficult because of its
viscosity and turbidity. Recent studies reported the
same beneficial results with normal saline, another
isotonic solution, which is comparable to 5% dextrose
in water except for a slightly increased serum sodium
level postoperatively [20, 35, 36]. In our opinion, using
any isotonic solution will minimize fluid absorption,
and stabilize fluid and electrolyte levels pre-, during,
and post-TURP. Isotonic solutions also reduce
intravascular hemolysis and the likelihood of the TUR
syndrome, especially in high-risk patients (large
prostate volume, advance age, cardiovascular or
cerebral comorbidity).

The present study demonstrated the higher degree
of intravascular hemolysis in TURP patients using
sterile water than when using 5% dextrose in water.
Although we could not show a direct correlation
between the severity of intravascular hemolysis and
TUR syndrome because none of our study subjects
fulfilled the TUR syndrome criteria, we could not find
any correlation with any other risk factor associated
with TUR syndrome, such as the serum sodium level.

Our prior hypothesis was that the degree of
intravascular hemolysis represented the severity of
serum osmolarity changes, which mostly is a function
of serum sodium fluctuation and a crucial factor
for TUR syndrome development. We could not
demonstrate a correlation between free plasma
hemoglobin and serum sodium in each and the
combined group in the immediate postoperative and
late postoperative periods. This could be because of
intravascular hemolysis is not usually associated with
TUR syndrome, or that the free plasma hemoglobin
is not a sensitive index. For this hypothesis, we are
aware that free plasma hemoglobin may not precisely
reflect the degree of fluid absorption, as massive
volume absorption can trigger hemolysis (increased
free plasma hemoglobin concentration) and
hemodilution (decreased free plasma hemoglobin
concentration). Hemodilution was demonstrated in the
past literature in patients who had lower free plasma
hemoglobin postoperatively [37]. In our study, we
assumed that the decreased free plasma hemoglobin
in the 5% dextrose in water-treated patients could be
aresult of hemodilution. According to this, free plasma
hemoglobin or the degree of intravascular hemolysis,
could be an indicator for the rapid change in serum
osmolarity, but not for causing the TUR syndrome.

Our data show that serum sodium was not
significantly changed in the immediate postoperative
period even in moderately hemolytic patients in
the sterile water group. We concluded that in TURP
patients, using sterile water as an irrigant, lowers the
risk for TUR syndrome if one can preserve the stability
of serum sodium. A negative aspect of using sterile
water is an increase in intravascular hemolysis. The
significance of this needs further study.

A limitation of this study is that none of the
participants had fulfilled the criteria of TUR syndrome
or developed hyponatremia. This leads to inconclusive
results regarding whether sterile water irrigant could
induce the TUR syndrome. The prevalence of
the TUR syndrome is 0.3%-0.5%, in prospective
controlled trials. One would thus have to enroll more
than a thousand patients into each future study group.
The present study, with only 41 patients recruited, was
too small to arrive at a definitive conclusion.

Conclusion

Sterile water irrigating fluid induces intravascular
hemolysis post-TURP because of the sudden change
in plasma osmolarity from hypotonic fluid reabsorption.
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Although we did not observe hyponatremia or TUR
syndrome in either the sterile water or 5% dextrose
in water groups, surgeons who use sterile water as
an irrigating fluid should be cautious and minimize
the duration of TURP to reduce the risk of TUR
syndrome.

Acknowledgments

We pay our gratitude to Assistant Professor Dr
Chanchai Boonla for revising the manuscript, and all
of the nurses and surgical staff of the Division of
Urology, Department of Surgery, King Chulalongkorn
Memorial Hospital, who provided a generous help.
None of the authors has any conflict of interest to
report.

References

1. Gonzalez RR, Kaplan SA. First-line treatment for
symptomatic benign prostatic hyperplasia: is there a
particular patient profile for a particular treatment?
World J Urol. 2006; 24:360-6.

2. Rosen RC. Assessment of sexual dysfunction in
patients with benign prostatic hyperplasia. BJU Int.
2006; 97 Suppl 2:29-33; discussion 44-25.

3. Rosen RC, Giuliano F, Carson CC. Sexual dysfunction
and lower urinary tract symptoms (LUTS) associated
with benign prostatic hyperplasia (BPH). Eur Urol.
2005; 47:824-37.

4. McNaughton-Collins M, Barry MJ. Managing patients
with lower urinary tract symptoms suggestive of
benign prostatic hyperplasia. Am J Med. 2005; 118:
1331-9.

5. Fitzpatrick JM. The natural history of benign prostatic
hyperplasia. BJU Int. 2006; 97 Suppl 2:3-6; discussion
21-2.

6. Logan YT, Belgeri MT. Monotherapy versus
combination drug therapy for the treatment of benign
prostatic hyperplasia. Am J Geriatr Pharmacother.
2005; 3:103-14.

7. Milani S, Djavan B. Lower urinary tract symptoms
suggestive of benign prostatic hyperplasia: latest
update on alpha-adrenoceptor antagonists. BJU Int.
2005; 95 Suppl 4:29-36.

8 Sandhu JS, Vaughan ED, Jr. Combination therapy for
the pharmacological management of benign prostatic
hyperplasia: rationale and treatment options. Drugs
Aging. 2005; 22:901-12.

9. Martin DJ, Mulhall JP. Enlarging the scope of managing
benign prostatic hyperplasia: addressing sexual
function and quality of life. Int J Clin Pract. 2005; 59:

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

Irrigation during TURP and hemolysis 801

579-90.

Wilson LC, Gilling PJ. From coagulation to enucleation:
the use of lasers in surgery for benign prostatic
hyperplasia. Nat Clin Pract Urol. 2005; 2:443-8.
Alschibaja M, May F, Treiber U, Paul R, Hartung R.
Recent improvements in transurethral high-frequency
electrosurgery of the prostate. BJU Int. 2006; 97:243-6.
Rocco B, Albo G, Ferreira RC, Spinelli M, Cozzi G,
Dell’orto P, et al. Recent advances in the surgical
treatment of benign prostatic hyperplasia. Ther Adv
Urol. 2011; 3:263-72.

Wasson JH, Bubolz TA, Lu-Yao GL, Walker-Corkery E,
Hammond CS, Barry MJ. Transurethral resection of
the prostate among medicare beneficiaries: 1984 to
1997. For the Patient Outcomes Research Team for
Prostatic Diseases. J Urol. 2000; 164:1212-5.

Hoffman RM, MacDonald R, Monga M, Wilt TJ.
Transurethral microwave thermotherapy vs
transurethral resection for treating benign prostatic
hyperplasia: a systematic review. BJU Int. 2004; 94:
1031-6.

Hahn RG. Fluid absorption in endoscopic surgery.
Br J Anaesth. 2006; 96:8-20.

Rassweiler J, Teber D, Kuntz R, Hofmann R.
Complications of transurethral resection of the prostate
(TURP)—incidence, management, and prevention.
Eur Urol. 2006; 50:969-79; discussion 980.

Glazener C, Boachie C, Buckley B, Cochran C, Dorey
G, Grant A, et al. Urinary incontinence in men after
formal one-to-one pelvic-floor muscle training following
radical prostatectomy or transurethral resection of
the prostate (MAPS): two parallel randomised
controlled trials. Lancet. 2011; 378:328-37.

Hung CL, Wu CJ, Yang S, Chen HH, Lin JS. Acute
renal failure directly caused by hemolysis associated
with transurethral resection of the prostate. Urology.
2002;59:137.

Nesbit RM, Glickman SlI. The use of glycine solution
asan irrigating medium during transurethral resection.
JUrol. 1948; 59:1212-6.

Yousef AA, Suliman GA, Elashry OM, Elsharaby MD,
Elgamasy Ael N. A randomized comparison between
three types of irrigating fluids during transurethral
resection in benign prostatic hyperplasia. BMC
Anesthesiol. 2010; 10:7.

Collins JW, Macdermott S, Bradbrook RA, Keeley FX,
Jr., Timoney AG. A comparison of the effect of 1.5%
glycine and 5% glucose irrigants on plasma serum
physiology and the incidence of transurethral resection
syndrome during prostate resection. BJU Int. 2005; 96:




802

22.

23.

24,

25.

26.

27.

28.

29.

T. Dissayabutra, et al.

368-72.

Gupta K, Rastogi B, Jain M, Gupta PK, Sharma D.
Electrolyte changes: An indirect method to assess
irrigation fluid absorption complications during
transurethral resection of prostate: A prospective
study. Saudi J Anaesth. 2010; 4:142-6.

Hoekstra PT, Kahnoski R, McCamish MA, Bergen' W,
Heetderks DR. Transurethral prostatic resection
syndrome—a new perspective: encephalopathy with
associated hyperammonemia. J Urol. 1983; 130:704-7.
Hahn RG. Acid phosphatase levels in serum during
transurethral prostatectomy. Br J Urol. 1989; 64:500-3.
Coppinger SW, Lewis CA, Milroy EJ. A method of
measuring fluid balance during transurethral resection
of the prostate. Br J Urol. 1995; 76:66-72.

Hahn RG, Ekengren JC. Patterns of irrigating fluid
absorption during transurethral resection of the
prostate as indicated by ethanol. J Urol. 1993; 149:
502-6.

Hulten JO, Tran VT, Pettersson G. The control of
haemolysis during transurethral resection of the
prostate when water is used for irrigation: monitoring
absorption by the ethanol method. BJU Int. 2000; 86:
989-92.

Bender DA, Coppinger SW. Estimation of irrigant
absorption during transurethral resection of the
prostate. Assessment of fluorescein as a marker.
Urol Res. 1992; 20:67-9.

Piros D, Fagerstrom T, Collins JW, Hahn RG. Glucose
as a marker of fluid absorption in bipolar transurethral
surgery. Anesth Analg. 2009; 109:1850-5.

30.

3L

32.

33.

35.

36.

37.

Zhang W, Andersson BS, Hahn RG. Effect of irrigating
fluids and prostate tissue extracts on isolated
cardiomyocytes. Urology. 1995; 46:821-4.

Lee GY, Han JI, Heo HJ. Severe hypocalcemia caused
by absorption of sorbitol-mannitol solution during
hysteroscopy. J Korean Med Sci. 2009; 24:532-4.
Chen SS, Lin AT, Chen KK, Chang LS. Hemolysis in
transurethral resection of the prostate using distilled
water as the irrigant. J Chin Med Assoc. 2006; 69:
270-5.

Moharari RS, Khajavi MR, Khademhosseini P,
Hosseini SR, Najafi A. Sterile water as an irrigating
fluid for transurethral resection of the prostate:
anesthetical view of the records of 1600 cases. South
Med J. 2008; 101:373-5.

Gravenstein D. Transurethral resection of the prostate
(TURP) syndrome: a review of the pathophysiology
and management. Anesth Analg. 1997; 84:438-46.

Issa MM, Young MR, Bullock AR, Bouet R, Petros JA.
Dilutional hyponatremia of TURP syndrome: a
historical event in the 21st century. Urology. 2004; 64:
298-301.

Starkman JS, Santucci RA. Comparison of bipolar
transurethral resection of the prostate with standard
transurethral prostatectomy: shorter stay, earlier
catheter removal and fewer complications. BJU Int.
2005; 95:69-71.

Aghamir SM, Alizadeh F, Meysamie A, Assefi Rad S,
Edrisi L. Sterile water versus isotonic saline solution
as irrigation fluid in percutaneous nephrolithotomy.
Urol J. 2009; 6:249-53.




