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KEYWORDS Abstract Objective: To find out whether warm bladder irrigation fluid can decrease the
Irrigation fluid; occurrence of perioperative hypothermia, blood loss and shiver in patients treated with benign
Temperature; prostatic hyperplasia (BPH).
Bladder fluid; Method: A comprehensive literature review and meta-analysis that included randomized
Benign prostatic controlled trials (RCTs) related to temperature of irrigation fluid in the perioperative treat-
hyperplasia; ment for BPH was taken by researchers. The relevant literature were searched in Chinese data-
Hypothermia; base, such as Retrieval Chinese Journal Full-text Database, VIP Journal Database, Wanfang
Blood loss; database, as well as in English search engine and database, including Embase, Cochrane and
Shiver Medline till January 2018. The study quality was assessed by recommended standards from Co-

chrane Handbook (version 5.1.0).

Results: A total of 28 RCTs and 3858 patients were included. The results showed that the in-
cidences of shiver (risk ratio [RR] = 0.32, 95% confidence interval [CI]: 0.28-0.36,
p < 0.001, I = 0%) and hypothermia (RR = 0.36, 95% Cl: 0.21—0.59, p < 0.001, I = 67%)
in the group of warm irrigation fluid were lower than the group having room-temperature fluid.
Room-temperature irrigation fluid group caused a greater drop in body temperature compared
to warm irrigation fluid group (p < 0.001, I? = 96%). We performed a narrative descriptive sta-
tistics only because of substantial heterogeneity.
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Conclusions: Warm bladder irrigation fluid can decrease the drop of body temperature and the
incidence of hypothermia and shiver during and after the operation for BPH. Warm irrigation
fluid should be considered as a standard practice in BPH surgeries.

© 2019 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Benign prostatic hyperplasia (BPH) is a common disease in
elderly male that may cause bothersome lower urinary
tract symptoms. There are a number of surgical options for
BPH patients, i.e., transurethral resection of the prostate
(TURP), transurethral plasmakinetic resection of the pros-
tate (TURPK), holmium laser enucleation of the prostate
(HoLEP), or transurethral plasmakinetic vaporization pros-
tatectomy (TUPKVP), all of which require intra- and post-
operative continuous bladder irrigation to prevent blood
clot formation and catheter associated urinary tract
infection. The low temperature of the irrigation fluid may
result in hypothermia, blood loss and shiver, which may
influence the effect of surgery and prolong the length of
hospital stay [1]. In this paper, we used the method of
meta-analysis to include related randomized controlled
trials (RCTs), and evaluate the influence of warm irrigation
fluid on the patients’ body temperature, blood loss and
shiver.

2. Materials and methods

2.1. Study type

All the RCTs articles related to the effect of warm
bladder irrigation fluid for BPH patients on the occurrence
of intra- and postoperative hypothermia, blood loss and
shivering.

2.2. Subject

BPH patients who received bladder irrigation during TURP,
TURPK, HoLEP, or TUPKVP were included in the present
study.

2.3. Literature review strategy

The relevant literature were searched in Chinese database
including Retrieval Chinese Journal Full-text Database, VIP
Journal Database, Wanfang database and English literature
search engine and database, including Embase, Cochrane
and Medline till January 2018, using the following key
words: Irrigation fluid, temperature, bladder irrigation,
shiver, hypothermia, and blood loss. Full text for all rele-
vant key articles were retrieved and reviewed by first
manually screening through titles and abstracts. The au-
thors’ countries, the article’s publication year, type of
surgery, bladder irrigation temperature and risk assessment
items were recorded.

2.4. Selection of studies

A total of 162 Chinese literature and 14 English literature
were retrieved. Two researchers independently screened
the literature according to the following criteria: (1) In-
clusion criteria: RCTs published before January 2018
regarding the influence of warm irrigation fluid on body
temperature, blood loss and shiver, with the intervention of
warm irrigation fluid. (2) Exclusion criteria: Non-RCTs
studies; patients who had not undergone BPH surgeries,
no bladder irrigation, or missing data.

2.5. Data extraction

Data extraction was performed independently by two re-
viewers according to the inclusion and exclusion criteria. If
divergence occurred during the process of data extraction,
a third party was joined in the discussion to solve the
problem. The first author, published date, intervention,
and results were extracted.

2.6. Quality of literature evaluation

According to the Cochrane handbook [2], the following
quality evaluation standard items combined with the
characteristics of studies were selected to test the stability
of the conclusion: (1) Randomized distribution method; (2)
allocation concealment; (3) comparability of baseline pa-
rameters; (4) result integrity; (5) method of blinding; (6)
selective reporting; And (7) other sources of bias.

2.7. Statistical analysis

Revman 5.3, originally developed by the Cochrane
Network, was used to perform the meta-analysis. Relative
risk (RR) was used as the effect indicator of enumeration
data and the 95% confidence interval (Cl) was calculated. Q
test was used to evaluate study heterogeneity. A p >0.1
with /> <50% was regarded as no heterogeneity between
studies, and a fixed effects model was adopted. A random
effects model was used otherwise. Inverted funnel plots
were used to evaluate publication bias. If the funnel is
symmetrical, the publication bias is considered small.

3. Results

Forty-eight studies were included for full-text retrieval from
176 studies screened. Twenty studies were excluded for the
following reasons: (1) Thirteen studies had unspecified vol-
ume of bleeding; (2) Seven studies had unquantified drop in
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body temperature. Finally, 28 RCTs involving 3858 patients
were included (Fig. 1). The general information and quality
assessment of included literature were summarized in
Table 1.

3.1. Perioperative body temperature drop

Six studies reported body temperature drop involving 429
patients, which was shown in Fig. 2. We omitted the com-
bined statistics and performed a narrative descriptive sta-
tistics only because of substantial heterogeneity
(P < 0.00001, I* = 96%). All studies were consistent in the
direction of results, which illustrated that warm irrigation
fluid decreased the occurrence of body temperature drop.

3.2. Incidence of perioperative shiver

Nineteen studies reported the incidence of perioperative
shiver and there was no significant heterogeneity among
these studies (p = 0.99, I> = 0%). The incidence of shiver in
the group of patients receiving warm irrigation fluid was
lower than those receiving room-temperature fluid
(RR = 0.32, 95% CI: 0.28-0.36, p < 0.00001) (Fig. 3).

3.3. Incidence of perioperative hypothermia

Six studies reported the incidence of perioperative hypother-
mia and there was substantial heterogeneity between these
studies (p = 0.010, > = 67%). Warm irrigation fluid group had a
lower incidence of hypothermia compared with room-
temperature group (RR = 0.36, 95% Cl: 0.21-0.59,
p < 0.0001) (Fig. 4).

Xu et al. [3] measured the temperature of lower esoph-
agus and the other five studies measured body surface tem-
perature. These might have caused the heterogeneity,
therefore were excluded from the present study. Fig. 5
showed that after the sensitivity analysis, the heterogene-
ity disappeared (RR = 0.29, 95% Cl: 0.20—0.41, p < 0.0001).

3.4. Perioperative blood loss

The amount of blood loss was recorded in milliliter. Three
studies reported the patients’ blood loss and there was
heterogeneity in between (p < 0.00001, > = 99%), which
was shown in Fig. 6. We used the random effects mode
combined analysis, and the results showed that there was
no statistical significance between warm and room-
temperature irrigation fluid groups on the amount of pa-
tients’ blood loss (mean deviation (MD) = —141.68, 95% Cl:
—250.25 to —33.11, p = 0.01).

3.5. Inverted funnel plots

Inverted funnel plots were used to examine the publication
bias in the literature, and the results showed that the figure
was basically symmetrical, suggesting a small publication
bias. Inverted funnel plot of perioperative blood loss was
statistically insignificant, possibly due to a limited number
of literature being included (Figs. 7—10).

4. Discussion

The incidence of BPH presents a rising trend in aged pop-
ulation. It affects the quality of life of elderly patients [4].

176 studies identified from electronic databases

destription

6 studies excluded because of no original article
94 studies excluded for these reasons:
Non-Rct studies; patients who had not undergome BPH

surgries; no bladder irrigation; no specific data only text

76 studies selected for full texts

[~ >|Eliminate duplicate 4 English literature and 24 Chinese literatures

48 studies selected for full texts

13 studies excluded due to unspecified volume of bleeding

7 studies excluded due to unquantified drop to in body temperature

6 studies reported body temperature drop

3 studies reported the patients’ blood loss

28 full-text articles screened for the eligibility and included in the meta-analysis:

19 studies reported the incidence of perioperative shiver

6 studies reported the incidence of perioperative hypothermia

Figure 1

Flow chart of data selection and extraction. RCTs, randomized controlled trials; BPH, benign prostatic hyperplasia.
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Table 1  General information and quality assessment of included literature.

Study: author, Type of Warmed RT  Temperature of = Temperature of  Monitoring Sequence Allocation  Baseline Loss of  Blinding Selective

year, country surgery group (n) group Irrigation in Irrigationin RT method generation concealment comparability follow-up outcome

(n)  warmed group (°C) group (°C) reporting

Xu et al. TURP 30 30 3638 RT Lower Un Un Good No Un Un
(2008), esophageal
China [3] temperature

Zheng et al. TUVP 29 28 30-35 RT Anal- Random Un Good No Un Un
(2012), temperature  numbers
China [6] table

Ren and Wang TURP 45 45 37-38 RT Anal- Un Un Good No Un Un
(2007), temperature
China [7]

Fu et al.(2004), TURP 31 31 37—-38 RT Anal- Un Un Good No Un Un
China [9] temperature

Guo et al. TURPK 30 30 36—37 RT Anal- Un Un Good No Un Un
(2009), temperature
China [10]

Yang et al. TUVP 38 38 36 RT Anal- Un Un Good No Un Un
(2015), temperature
China [11]

Chen and Ma  HoLEP 54 52 35-37 RT Un Random Un Un No Un Un
(2016), numbers
China [12] table

Yang and Tan TURP 43 43 37 RT Axillary- Un Un Good No Un Un
(2015), temperature
China [13]

Zhang (2006), TURPK 47 49 3637 RT Anal- Un Un Good No Un Un
China [14] temperature

Zuo (2007), TURP 50 30 3738 RT Anal- Un Un Good No Un Un
China [15] temperature

Li (2010), TURP 150 150 Axillary- RT Un Un Un Good No Un Un
China [16] temperature

Zheng (2012), TURP 150 150 Axillary- RT Un Un Un Good No Un Un
China [17] temperature +0.5

Wang et al. TURP 62 57 33—-38 RT Un Un Un Good No Un Un
(2012),
China [18]

Wang and Nin TURP 78 78  Anal-temperature RT Anal- Un Un Good No Un Un
(2007), temperature
China [19]

Xie et TURP 28 28 3638 RT Anal- Random Un Good No Un Un
al.(2009), temperature  numbers
China [20] sequence

‘le 3 0] 1



Okeke (2007),
Nigeria [21]

TURP

Pit et al.(1996), TURP

the
Netherlands
[22]

Chen (2015),
China [23]

Hu et al.
(2013),
China [24]

Li (2008),
China [25]

Rajeev et al.
(2014),
India [26]

Wang 2007),
China [27]

Yang (2013),
China [28]
Zhang (2016),
China [29]
Zhu et al.
(2012),
China [30]
Lu et al.
(2012),
China [31]
Zhong (2015),
China [32]
Li (2014),
China [33]

TURPK

TURP

TURP

TURP

TURP

TURP

TURP

40

50

35

33

20

50

200

600

TUPKVP 25

TURP

TURP

TURP

45

30

21

40

31

50

32

33

20

50

200

500

25

45

30

21

38

Anal-temperature

37

32-35

37-38

37

36—38

Axillary-
temperature
35-37

37

36.5—-37.5

37

34-37

RT

RT

RT

RT

RT

RT

RT

RT

RT

RT

RT

RT

RT

Un

Un

Un

Axillary-
temperature

Anal-
temperature
Un

Anal-
temperature
and axillary-
temperature
Un

Un

Anal-
temperature

Anal-
temperature

Un

Un

Draw lots

Un

Random
numbers
table

Un

Un

Un

Un

Un
Un

Un

Unknown

Un

Visiting
sequence

Un

Un

Un

Un

Un

Un

Un

Un

Un

Un

Unknown

Un

Un

Good

Good

Good

Good

Un

Good

Good

Good

Good

Good

Good

Good

Good

No

No

No

No

No

No

No

No

No

No

No

No

No

Un Un

Single blind Un

Un Un
Un Un
Un Un
Un Un
Un Un
Un Un
Un Un
Un Un
Un Un
Un Un
Un Un

TURP, transurethral resection of the prostate; TURPK, transurethral plasmakinetic resection of the prostate; HoLEP, holmium laser enucleation of the prostate; TUPKVP, transurethral
plasmakinetic vaporization prostatectomy; TUVP, transurethral vaporization; RT, room temperature, the temperature of control groups are room temperatures, which are range from 19

to 28°C; Un, unknown.
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Warmed Room-temperature Std.mean difference
Study of subgroup Mean  SD Total Mean _ SD Total IV, random, 95% Cl Std.meandifference
IV, random, 95% CI
Fu et al. 2004 [9] 0.80 0.36 31 160 042 31 -2.02 (-2.64, -1.40) -+
Okeke 2007 [21] 042 0.21 40 098  0.56 40 -1.31(-1.80, -0.83) +
Pit et al. 1996 [22] 0.74 0.60 26 1.71 1.10 30 -1.06 (-1.62, -0.50) -+
Wang and Nin 2007 [19] 040  0.25 28 130  0.30 28 -3.21 (-4.02, -2.40) -
Wang etal. 2012[18]  0.90  0.10 62 160  0.10 57 -6.96 (-7.92, -5.99) —-+
Xie et al. 2009 [20] 080 0.34 28 150  0.36 28 -1.97 (-2.62, -1.32) +
} t } :
-10 5 0 5 10

Favours warmed Favours room-temperature

Figure 2 The value of perioperative body temperature drop for warmed group and room-temperature group. Std, standard; SD,
standard difference; Cl, confidence interval. Cl, confidence interval.

Warmed

Shud . Room-temperature el Risk ratio Risk ratio
udy or subgroup Events  Total  Events Total ' 9 M—H, fixed, 95% Cl M-H, fixed, 95% Cl
Chen 2015 [23] 4 50 10 50 1.4% 0.40 (0.13, 1.19) —F
Chen and Ma 2016 [12] 2 54 6 52 0.8% 0.32(0.07,1.52) e
Guo et al. 2009 [10] 7 30 19 30 2.6% 0.37 (0.18, 0.74) —_—
Hu et al. 2013 [24] 2 35 8 32 1.2% 0.23 (0.05, 1.00)
Li 2008 [25] 2 33 9 33 1.2% 0.22 (0.05, 0.95)
Li 2010 [16] 40 150 108 150  14.9% 0.37 (0.28, 0.49) -
Okeke 2007 [21] 3 40 13 40 1.8% 0.23 (0.07, 0.75)
Pit et al. 1996 [22] 4 28 15 31 2.0% 0.30 (0.11, 0.78)
Singh et al, 2014 [26] 3 20 9 20 1.2% 0.33(0.11,0.78)
Wang 2007 [27] 8 50 36 50 5.0% 0.22 (0.12, 0.43) —_—
Yang 2013 [28] 53 200 144 200  19.9% 0.37 (0.29, 0.47) -
Yang and Tan 2015 [13] 4 43 13 43 1.8% 0.31(0.11, 0.87)
Yang et al. 2015 [11] 2 38 12 38 1.7% 0.17 (0.04, 0.69)
Zhang 2006 [14] 6 47 17 49 2.3% 0.37 (0.16, 0.85) e —
Zhang 2016 [29] 60 600 150 500  22.6% 0.33(0.25, 0.44) -
Zheng 2012 [17] 30 150 108 150 14.9% 0.28 (0.20, 0.39)
Zheng et al. 2012 [6] 4 29 13 28 1.8% 0.30 (0.11, 0.80)
Zhu et al. 2012 [30] 2 25 9 25 1.2% 0.22 (0.50, 0.93)
Zuo 2007 [15] 3 50 10 30 1.7% 0.18 (0.05, 0.60)
Total (95%Cl) 1672 1551  100.0% 0.32 (0.28, 0.36) ¢
Total events 239 709
Heterogeneity: X2 = 7.30, df= 18 (p = 0.99); P = 0% k + + ]
0.01 0.1 10 100

Test for overall effect: Z=17.18 (p = 0.00001)

Figure 3

After BPH surgeries, clinical nursing staffs usually use the
bladder irrigation to prevent blood clot from forming and
blocking the catheter. Bladder irrigation is a key interven-
tion for urologic patients that are used continuously from
the beginning of the surgery to approximately one day
postoperatively. This article is a meta-analysis of relevant
RCTs to evaluate the influence of warm irrigation fluid on
perioperative hypothermia, blood loss and shiver, which
can help medical staffs to determine the appropriate
temperature of bladder irrigation fluid.

4.1. The advantage of warm bladder irrigation

Perioperative hypothermia is defined as perioperative core

Favours warmed Favours room-temperature

The incidence of perioperative shiver for warmed group and room-temperature group. Cl, confidence interval.

in body temperature is related to the temperature regu-
lating function in different patients, the ambient temper-
ature of the operating room, type of the operation, and the
duration of the operation, especially the operation with
longer time of bladder irrigation. Room-temperature irri-
gation fluid may lower the core and peripheral body tem-
perature [6]. Several researches have concluded that room-
temperature irrigation fluid can cause a drop of body
temperature, which may even lead to perioperative hypo-
thermia [3,7]. Perioperative hypothermia causes a series of
disadvantages, such as delayed awakening from anesthesia,
influence to cardiovascular function, reduce the blood
pressure of the patient, increased risk of surgical site
infection and shiver [8—10]. Shiver may increase patients’

temperature being lower than 36.0°C [5,32]. The difference discomfort, anxiety and oxygen consumption. It also
Warmed Room-temperature X Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Welght M-H, fixed, 95% ClI M-H random,95% Cl
Chen 2015 [23] 4 50 18 50 13.6% 0.22(0.08, 0.61)
Chen and Ma 2016 [12] 1 54 5 52 4.8% 0.19 (0.02, 1.59) -_—
Lu etal. 2012 [31] 5 45 20 45 15.4% 0.25 (0.10, 0.61) —
Ren and Wan 2007 [7] 12 45 41 45 23.0% 0.29 (0.18, 0.48) —_—
Xu et al. 2008 [3] 18 30 29 30 26.6% 0.62 (0.46, 0.84) -
Zhong 2015 [32] 6 30 13 30 16.5% 828 2858 (1)(5)2; |
Total (95%Cl) 254 252 100% S
Total events 46 126
Heterogeneity:y? = 0.23; X2 = 15.15, df=5 (p=0.010); P=67% i + + i
Test for overall effect: Z=4.00 (p < 0.0001) 0.01 0.1 1 10 100

Favours warmed Favours room-temperature

Figure 4 The incidence of perioperative hypothermia for warmed group and room-temperature. Cl, confidence interval.
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Warmed Room-temperature ) Risk ratio Risk ratio

Study or subgroup Events  Total __ Events Tom_ Weight v fixed, 95% CI M-H, fixed, 95% Cl

Chen 2015 [23] 4 50 18 50 18.5% 0.22 (0.08, 0.61) S—

Chen and Ma 2016 [12] 1 54 5 52 5.2% 0.19 (0.02, 1.59) -

Lu et al. 2012 [31] 5 45 20 45 20.6% 0.25 (0.10, 0.61)

Ren and Wan 2007 [7] 12 45 41 45 42.2% 0.29 (0.18, 0.48) .

Xu et al. 2008 [3] 18 30 29 30 0.0% 0.62 (0.46, 0.84)

Zhong 2015 [32] 6 30 13 30 13.4% 0.46 (0.20, 1.05) S |

Total (95%Cl) 224 222 100% 0.29 (0.20, 0.41) P
Total events 28 97

Heterogeneity: X2 =1.75,df=4 (p=0.78); 2= 0% | L . .
Test for overall effect: Z=6.82 (p < 0.0001) 0.01 0.1 1 10 100

Figure 5
fidence interval.

Favours warmed Favours room-temperature

Warmed Room-temperature B
Study or subgroup Weight Meanifierance Mean difference
0,
Mean SD  Total Mean SD Total Random,95% CI IV, Random, 95% Cl

Guo et al. 2009 [10] 357 32 30 529 31 30 33.6% -172.00 (-187.94, -156.06) ]

Li2014 [33] 341 32 21 568 55 21 33.1%  -226.46 (-253.61,-199.31) +

Xie et al. 2009 [20] 235 41 28 262 42 28 33.3%  -27.00 (-48.87,-5.13) L]

Heterogeneity: y2= 9078.68; X?= 156.95, df=2 (p < 0.00001) ; P=99% ’

Test for overall effect: Z=2.56 (p=0.01) f f f t

-500 -250 0 250 500

Figure 6 The value of perioperative blood loss for warmed group and room-temperature group. Cl, confidence interval.

Favours warmed Favours room-temperature

Sensitivity analysis of the incidence of perioperative hypothermia for warmed group and room-temperature. Cl, con-
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Figure 7 Inverted funnel plot of perioperative temperature
drop. SMD, standardised mean difference; SE, standard error. Figure 8 Inverted funnel plot of perioperative shiver. SE,

increases the load on the heart and even lead to onset of
cardiovascular diseases. Excitation of the sympathetic
nerve can reduce renal blood flow and glomerular filtration
rate significantly, which results in renal insufficiency [11].
Some researchers reported that patients with shiver
increased the incidence of myocardial ischemia, and the
drop of body temperature caused various physiological
function changes [12,13]. Zhang and Zuo [14,15] reported
that body-temperature irrigation fluid reduced the occur-
rence of perioperative hypothermia and increased opera-
tion safety. Li and Zheng [16,17] reported that body
temperature fluid did not irritate the bladder, thus

standard error; RR, risk ratio.

reducing the incidence of bladder spasm and keeping the
bladder blood vessels in a normal function.

4.2. The limitations of research

Some literature was not accessible, including unpublished
and grey literature, which may lead to deviation. A small
sample of RCTs was used, which may cause a generally low
study quality. All researches included were not sufficient in
research method information and the methodological

quality was low on hidden, blinded, and other factors such
as bias report.
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Figure 9 Inverted funnel plot of perioperative hypothermia.

SE, standard error; RR, risk ratio.
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Figure 10 Inverted funnel plot of perioperative blood loss.

SE, standard error; MD, mean difference.

5. Conclusion

We now have a deeper understanding on prostate surgery-
related complications through the systematic review
results. We can draw the conclusion that warm bladder
irrigation fluid can decrease the drop of body temperature
and the incidence of hypothermia and shiver during and
after the operation for BPH. Warm irrigation fluid should be
considered as a standard practice in BPH surgeries. Large
sample of RCTs are hoped to be taken to provide more
strengthened evidence in the future.
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