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Abstract

Objective: To estimate the incidence of excessive distension absorption in the patient went through hysteroscopic surgery

distended with 5% mannitol solution, to evaluate the use of 5% mannitol solution for hysteroscopic surgical procedure specif-

ically and to testify the safe threshold for distension absorption. Design: Retrospective. Setting: Academic medical center.

Patients: 10693 patients went through inpatient hysteroscopic surgery distended with 5% mannitol solution using monopolar

electrosurgical instrument from Jan. 2015 to Sep. 2020. Intervention(s): None. This study has been approved by the Ethics

Committee of Sun Yat-sen Memorial Hospital. Measurements and Main Results: Fluid deficit more than 1000mL is defined

as excessive distension absorption. Incidence of excessive distension absorption in all the inpatient hysteroscopic surgeries is

0.46% (49/10693). It is 2.57% (16/623) in transcervical resection of fibroid (TCRF), 2.36% (9/381) in retained products of

conception (RPOC) removal, 1.20% (6/501) in hysteroscopic uterine septum resection (HSR), 0.53% (14/2621) in transcervical

resections of adhesion (TCRA) while in the severe cases it was 2.34% (14/598), 0.48% (4/828) in transcervical resection of

the endometrium (TCRE). Excessive distension absorption developed within ten minutes in two cases. Twelve of thirty nine

patients with fluid deficit under 2500mL presented with clinical consequences related to circulation overload. Conclusion: Inci-

dence of excessive distension absorption could be low generally however it would be five times higher in TCRP, RPOC removal

and TCRA. Resection by needle electrode may contribute to the excessive distension absorption developed within short time.

30.77% of the patients could not tolerate the less than 2500mL distension absorption.

Introduction

As a minimal invasive surgical approach, hysteroscopy is widely used for intrauterine examination and
surgery. Hysteroscopic approach has been irreplaceable for evaluating the cervical canal and uterine cavity,
correcting intrauterine malformation and treating intrauterine pathology. Uterine distention by distend-
ing media for adequate visualization of the intrauterine cavity is demanded during the procedure. The
traditional electrosurgical instrumentation included monopolar radiofrequency(RF) system and bipolar RF
system depending on their different mechanism of electronic current initiation. Despite the advantage of min-
imal invasive approach and adequate visualization, hysteroscopy could also be complicated with unpleasant
conditions such as inflammation, hemorrhage, uterine perforation and fluid overload[1].

Fluid overload is initiated by the excessive absorption of distending media. At the very beginning it was
described as female TURP (transurethral resection of prostate) syndrome[2]. Distending media could be
classified according to their tonicity, electrolyte content and viscosity. Electrolyte-free distending media is
required for monopolar electrosurgical procedure. Excessive absorption of 5% mannitol solution which is
isotonic, electrolyte-poor, low-viscosity could lead to fluid overload along with hyponatremia and hyposmo-
larity with the potential developing pulmonary edema, congestive heart failure and cerebral edema[3]. When
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. hyponatremic encephalopathy develops, menstruant women were supposed 25 times more likely to die or
have permanent cerebral damage when compared with either men or postmenopausal women[4].

The maximum fluid deficit for 5% mannitol was set at 1000mL in the ACOG (American College of Ob-
stetricians and Gynecologists) guideline in 2020. In the earlier 2016, BESG/ESGE (British Society For
Gynecological Endoscopy/ European Society For Gynecological Endoscopy) defined more than 1000mL hy-
potonic fluid deficit as threshold to fluid overload. For isotonic distending media the threshold was set at
2500mL based on expert opinion [5]. 5% mannitol solution is isotonic but electrolyte-free. Upper safe thresh-
old for such media should be testified based on clinical data. Even through extensive distension absorption
is a well known hysteroscopic complication, due to the variable nomination, definition, multiple choice of
distending media and setting of distension pressure, the incidence, clinical presentation, management and
prognosis of such complication lack specific description.

Materials and Methods

We searched the electronic medical record system for potentially eligible records. From Jan. 2015 to Sep.
2020, 10693 inpatient hysteroscopic surgeries including 623 transcervical resections of fibroid (TCRF), 2621
transcervical resections of adhesion (TCRA), 381 hysteroscopic retained product of conception (RPOC) re-
movals, 501 hysteroscopic uterine septum resections (HSR) , 828 transcervical resections of the endometrium
(TCRE) have been completed in our hospital using monopolar instrument distended with 5% mannitol so-
lution in our hospital. The inflow pressure was set at 120mmHg conventionally for adequate intrauterine
visualization during the hysteroscopic procedure. All these inpatient surgeries were arranged in the oper-
ation theatre under general anesthesia. Fluid deficit more than 1000mL is defined as excessive distension
absorption[1]. These electrosurgical procedures were performed using standard rigid monopolar resectoscope
( Storz, Germany).

Hysteroscopic scissor, Hysteroscopic Endo Operative System (HEOS), MyoSure Hysteroscpoic Tissue Re-
moval System (MyoSure) and bipolar electrosurgical instrument have been introduced since 2017. Hys-
teroscopic surgical procedures using these operative instruments were distended with normal saline are not
recruited in this retrospective study.

The results are reported as the mean ± SD. Data were analyzed with SPSS version 25 (IBM, Armonk, NY).

This retrospective study has been approved by the Ethics Committee of Sun Yat-sen Memorial Hospital.

Result(s)

From Jan. 2015 to Sep. 2020, forty nine patients suffered excessive distention absorption defined more than
1000mL fluid deficit. Forty nine cases are including sixteen cases of TCRF, fourteen cases of TCRA all of
them were diagnosed severe IUA (European Society for Gynegological Endoscopy Grade[?]III), nine cases of
RPOC removal, six cases of HSR and four cases of TCRE. Incidence of the excessive distention absorption
is 0.46% (49/10693) generally, 2.57%(16/623) in TCRF, 2.36% (9/381) in RPOC removal, 1.20%(6/501) in
HSR, 0.53% (14/2621) in TCRA and 2.34% (14/598) in severe IUA cases, 0.48% (4/828) in TCRE (Table
1).

Ten of these forty nine patients went through laparoscopy combined hysteroscopy, general endotracheal
anesthesia was arranged at the beginning of the procedure. Six of the rest thirty nine patients was arranged
intravenous anesthesia at the beginning underwent endotracheal intubation in the middle of the surgery in
order to manage the respiration and circulation. Fluid deficit was from 1000mL to 4500mL. Two patients
were transferred to the intensive care unit due to unsatisfied postoperative oxygenation. Operative time
had been recorded. One patient went through HSR developed excessive distention absorption within seven
minutes and another patient went through TCRA developed fluid overload with pulmonary edema within
ten minutes. The fluid deficits of these two cases were 1500mL and 1800mL respectively.

Clinical consequences were recorded in eighteen cases that varies from vomiting, nausea to cardiovascular dis-
turbance such as hypoxemia, tachycardia, bradycardia, hypotension, pulmonary edema and laryngeal edema.
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. (Table 2). Postoperative and intraoperative hyponatremia were detected in all these patients from 95mmol/L
to 129 mmol/L while the preoperative serum sodium were within normal range from 136-142mmol/L. Three
patients were recorded severe hyponatremia with serum sodium lower than 100mmol/L. All of these three
patients presented with cardiovascular disturbance such as bradycardia and hypotension. When the serum
sodium was ranging from 100 to 110 mmol/L, 50% (3/6) of them were complicated with clinical consequences.
When the serum sodium was between 110 to 120mmol/L, 36.36% (4/11) developed clinical consequences.
And the incidence of clinical consequence is 27.59% (8/29) when the serum sodium was between 120 to
130mmol/L(table 3).

All the clinical consequences and laboratory abnormalities were corrected before the patients’ discharge. No
sign or symptom of hyponatremic encephalopathy was detected in all the patients in the postoperative follow
up.

Discussion

The incidence of fluid overload seems low. In Jansen FW’ s study in 2000, five cases were recorded fluid
overload defined as more than 1500 ml distention absorption with clinical consequences, the reported inci-
dence is 0.2% [6]. In Aydeniz B and his colleagues’ multicenter study in 2002, thirteen cases were recorded
fluid overload syndrome defined as hyponatremia caused by at least 2000 mL hypotonic distension absorp-
tion. The reported incidence is 0.06%[7]. Based on the 2020 ACOG guideline, in our study the incidence
of excessive distension absorption is 0.46% (49/10693). In certain kind treatment such as TCRP, RPOC
removal and adhesiolysis in severe IUA cases, it is 5 times higher. Incidence of fluid overload would be low
and variable due to different definition or diagnostic criteria ,the excessive distension absorption should call
attention.

Distension absorption is pressure dependent[8]. It was illustrated in a series of myomectomies, the disten-
sion absorption during the procedure depends on the degree of myometrial penetration also[9]. From the
first 250 endometrial resections experience the distension absorption seems time dependent and it was also
influenced by the endometrial preparation and tubal patency [10]. Using vasopressin during hysteroscopic
myomectomy had been shown to decrease the distension absorption [11][12]. In Colacurci N’s study compar-
ing two hysteroscopic treatments of uterine septum, the uterine cavity was distended with sorbitol-mannitol
in resectoscopic metroplasty at the pressure of 60 to 90 mm Hg. In the small-diameter hysteroscopy group
the uterus was distended with normal saline at the pressure of 90 to 100mmHg. The fluid deficit in the
group distended with sorbitol-mannitol was 486.4 +-169.9mL. In the small-diameter hysteroscopy group dis-
tended with saline the fluid deficit was 222.1 +- 104.9mL. Operative time was significantly longer in the first
group[13]. It seems that the prolonged operative time compensated the lower distending pressure influence
on distension absorption.

Fourteen patients underwent TCRA were recorded excessive distension absorption. It was probably resulted
from myometrial integrity damage during the procedure. Especially in the severe cases majority of the
endometrium was damaged and replaced by fibrous scar tissue. In our study, one patient went through HSR
developed excessive absorption within 7 minutes and another one went through TCRA developed excessive
distention absorption within 10 minutes. The hysteroscopic surgical procedures in them were performed
by monopolar needle electrode. Mechanical dissection is free from thermal damage which may exist in the
electrosurgical treatment. Adhesiolysis using cold scissor may also contribute to a better postoperative AFS
score and pregnancy outcome [14]. Hysteroscopic scissor (cold scissor) has been introduced to this center
since 2017. No cases of excessive distension absorption were recorded in the IUA dissections using cold scissor
yet. Without electronic energy the scissor does not have any hemostasis function. When the myometrial
was broken, the bleeding would be more likely to be detected by the operator. The surgical procedure would
be adjusted to avoid advanced myometrial damage. Since distension absorption was supposed to depend on
the degree of myometrial penetration in the myomectomy series study[9]. The surgical protocol adjustment
would possibly help to avoid advanced myometrial penetration and decrease distension absorption. Since
mechanical dissection using cold scissor does not require electrolyte-poor distending media which would
permit a larger fluid deficit[1]. The operator needs to improve surgical proficiency in order to complete the
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. surgical procedure by new instrument within the time no longer than the old way. That’s how will the new
technology benefit the patient.

Depends on the operator’s proficiency and the intrauterine visualization not all of the hysteroscopic procedure
would be completed when the fluid deficit reach the threshold. If fluid deficit of 1000 mL was set as a stopping
point for the hysteroscopic procedure, the incidence of excessive distension absorption would be zero. But
in our study we find that when the fluid deficit was between 1000-1500mL, 77.78% (14/18) patients seems
tolerable to the excessive mannitol absorption, free from clinical disturbance except for decreasing serum
sodium from 124.8 to 129.4mmol/L. When the fluid deficit was between 1500-2500mL, 38.10% (8/21) may
suffer from various clinical consequences,19.05% (4/21) of them developed pulmonary edema. When the fluid
deficit was higher than 2500mL, 20% (2/10) of these patients required intensive care unit treatment, 60%
(6/10) of them presented with clinical consequences. For health adult 2500mL was set as the maximal fluid
deficit for electrolyte-containing isotonic distending solution based on the expert opinion[1]. But in our study
30.77%(12/39)of the patients with fluid deficit from 1000 to 2500mL presented with clinical sign or symptom
related to fluid overload other than hyponatremia. 10.26% (4/39) of them developed pulmonary edema the
fluid deficits were 1700mL, 1800mL, 2160mL and 2170mL. No patients developed pulmonary edema when
the fluid deficit was within 1500mL. Since all the clinical consequences were related to circulation overload
other than hyponatremia, this finding should also call attention to the hysteroscopic surgery using normal
saline as distending media when the fluid deficit exceeding 1500mL.

Major disadvantage of 5% mannitol solution absorption seems to be the risk of developing hyponatremia
and hyposmolarity besides circulation overload when compared with electrolyte-containing solution. The
serious sequelae of hyponatremia included confusion, seizures, cerebral edema and death[15]. Since all the
hysteroscopic surgeries in our study were performed under general anesthesia, no seizure or confusion were
detected during the surgery. The intervention was initiated immediately by the anesthesiologist once the
fluid overload was detected. Three patients developed severe hyponatremia with serum sodium lower than
100mmol/L, the serum sodium was corrected higher than 130mmol/L within four hours. No sign or symptom
of hyponatremic encephalopathy was detected in them on the day of surgery after anesthetic resuscitation
and the day after surgery before leaving the hospital. No sign or symptom of hyponatremic encephalopathy
sequelae was reported in their one month later postoperative follow-up also.

Treating RPOC through hysteroscopic approach seems to have a high rate of complete removal of RPOC
in one step and no detrimental effect on reproductive outcome[16][17]. Complications such as bleeding,
uterine perforation, pelvic inflammation were reported [18]. One of one hundred fifty nine patients (0.63%
1/159)went through hysteroscopic removal of RPOC in Abraham’s study developed pulmonary edema. The
hysteroscopic percedure in Abraham’s study was performed using bipolar resectoscope. Uterus was distended
with normal saline at a pressure of 90 to 110mmHg [19]. In our study we also find that excessive distension
absorption would develop in hysteroscopic procedure treating RPOC using monopolar instrument when the
uterus was distended with isotonic electrolyte-poor solution. The interval to the termination of last pregnancy
were from eighteen days to twelve weeks. The incidence of excessive distension absorption in treating RPOC
through hysteroscopic approach in this study is 2.36% (9/381). 0.52% (2/381) of these patients developed
pulmonary edema. The fluid deficits in these two cases were 1700mL and 3800mL respectively. Incidence of
pulmonary edema was not increased in this study when the uterus was distended with mannitol solution.

Circulation overload is a universal consequence of excessive distension absorption regardless the different
choice of distending media . The incidence of clinical consequences increase along with the fluid deficit. In
certain kind treatment the operator should be aware of that the incidence would be five times higher. And
the excessive distension absorption could develop within 7 minutes when the procedure was performed using
needle electrode.

Limitation

This is a retrospective study. Since all the inpatient surgeries were performed under general anesthesia,
clinical symptoms related to hyponatremia such as confusion and seizure would probably not be detected

4



P
os

te
d

on
A

u
th

or
ea

23
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

87
34

69
.9

39
71

64
3/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. before anesthetic resuscitation. In the laparoscopy combined hysteroscopy procedures, time of hysteroscopic
procedure was not recorded separately.
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Table 1. Demographic characteristics of the excessive distension absorption cases

Type of
procedure TCRF TCRA

RPOC
removal HSR TCRE

Incidence of
excessive
absorption

2.57%(16/623) 0.53%(14/2621) 2.36%(9/381) 1.20%(6/501) 0.48%(4/828)

Age (year) 38.69±9.36 29.21±5.51 31.78±5.51 29.00±6.54 42.50±3.00
Bodyweight
(kg)

57.38±9.81 54.12±9.18 53.00±6.15 48.83±4.54 52.38±6.02

Preoperatove
systolic pressure
(mmHg)

114.50±12.49 111.57±10.05 101.44±12.71 109.83±9.41 106.00±3.46

Preoperatove
diastolic pressure
(mmHg)

76.13±8.15 74.71±8.53 67.67±4.87 71.67±9.85 72.00±2.94

Menstrual
cycle(day)

28.50±4.43 28.93±2.37 28.56±3.09 32.17±6.34 32.25±8.54

Mestruation
duration (day)

5.69±1.92 6.07±1.33 5.56±1.67 5.67±1.21 9.50±7.05

Heart rate
(bpm)

82.06±11.64 76.50±12.06 85.22±8.89 77.83±9.39 86.75±9.03

Gravida 1.69±1.49 2.79±1.76 2.78±1.39 2.33±3.86 2.75±1.50
Parity 0.81±0.91 0.71±0.91 0.67±1.00 0.5±0.84 0.75±0.50
Preoperative
serum sodium
(mmol/L)

139.19±1.38 138.74±1.01 139.20±1.08 138.17±0.98 138.75±2.06

Intraoperative
serum sodium
(mmol/L)

117.64±10.51 117.02±10.15 119.28±10.00 122.58±6.85 123.68±3.37

Fluid deficit
(mL)

2153.10±1059.27
(1060-4500)

2172.10±997.55
(1220-4400)

1992.20±962.96
(1000-3800)

1558.30±681.57
(1110-2600)

1507.50±341.41
(1070-1850)
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. Type of
procedure TCRF TCRA

RPOC
removal HSR TCRE

Surgical time
(minute)

67.25±33.35 68.07±49.65 45.56±24.93 59.00±50.44 81.25±69.93

No. of clinical
consequence

7 7 2 1 1

Table 2. Sign and symptom presented in different fluid deficit range

Fluid Deficit No. of Procedure
No. of Case With
Clinical Symptom

No. of Case with
Clinical Sign

No. of Case
Without Clinical
Consequence

¿2500ml N=10 Myomectomy
3 Adhesiolysis 4
RCOP 2 HSR 1

N=2 Coughing 2 N=5 Hypotension 2
Hypoxemia 2
Tachycardia 1
Laryngeal Edema 1
Pulmonary Edema 1

N=4

1500—2500ml N=21 Myomectomy
8 Adhesiolysis 6
RCOP 4 HSR 1
TCRE 2

N=4 Coughing 1
Nausea 1 Vomiting
2

N=4 Hypotension 1
Hypoxemia 3
Pulmonary Edema 4

N=13

1000—1500ml N=18 Myomectomy
5 Adhesiolysis 4
RCOP 3 HSR 4
TCRE 2

N=2 Vomiting 2 N=2 Hypoxemia 1
Bulbar Edema 1

N=14

Table 3 Sign and symptom presented in different serum sodium range

Serum Sodium No of Procedure No. of Case With Clinical Symptom No. of Case with Clinical Sign No. of Case Without Clinical Consequence

[?]100mmol/L N=3 N=0 N=3 N=0
100-110mmol/L N=6 N=2 N=2 N=3
110-120mmol/L N=11 N=2 N=2 N=7
120-130mmol/L N=29 N=4 N=4 N=21
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