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Abstract: Objective: This randomized controlled trial aim to evaluate the impact of hypertonic sodium chloride
hydroxyethyl starch 40 (HSH 40) on postoperative recovery time after undergoing the gastrointestinal carcinoma
radical resection procedure. Methods: A total of 60 patients with gastrointestinal carcinoma in our hospital from
January 2017 to January 2018 were divided randomly into two groups, each containing 30 cases. The control group
was treated with conventional treatment, and the observation group was treated with HSH 40. The length of hospital
stay and the time of gastrointestinal motility recovery was observed. The volumes of abdominal drainage and urine
output in two groups were analyzed at 24, 48, and 72 hours after operation. The levels of plasma inflammatory
cytokines (complement C3a, IL-6 and IL-8) were compared between two groups at 24, 48, and 72 hours after radical
surgery. Results: HSH 40 significantly shortened the length of hospital stay and the time of gastrointestinal motil-
ity (P<0.05). The plasma levels of complement C3a, IL-6 and IL-8 were reduced significantly by HSH 40 injection
at 24 and 48 hours after operation (P<0.05). Higher volumes of abdominal drainage and urine in the observation
group were recorded at postoperative time of 24 and 48 hours (P<0.05), while it had no significant difference 72
hours (P>0.05) beyond postoperative. The postoperative urine volume peak was earlier in the observation group
than the control group (P<0.05). Conclusions: HSH 40 injection was able to shorten the length of hospital stay and
improved gastrointestinal motility. It is plausible that HSH 40 injections enhance recovery after the gastrointestinal
carcinoma radical resection through the lowering of plasma inflammatory cytokines and improving the third-space
sequestration process.
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Introduction tion on surgical recovery when patients were
undergoing gastrointestinal carcinoma radical
resection, and hopefully to elucidate the under-

lying mechanisms.

Gastrointestinal carcinoma radical resection is
an important way of clinical treatment of gas-
trointestinal cancer, and this surgical approach
in patients produces disorders in immune and
hemodynamic responses, which can delay po-
stoperative recovery [1, 2]. Hypertonic sodium
chloride hydroxyethyl starch 40 (HSH 40) is
increasingly recognized as an important liquid

Patients and methods
Subjects

A total of 60 patients admitted with gastroin-

in clinical practices recently, because it can
suppress plasma inflammatory cytokines re-
lease, maintaining effective circulating blood
volume, and reduce the third-space sequestra-
tion [3]. However, it is unclear whether HSH 40
can improve the recovery process after surgery.
Thus, the purpose of this randomized controlled
trial was to identify the effect of HSH 40 injec-

testinal carcinoma from January 2017 to Ja-
nuary 2018 in our hospital for radical resection
were divided into two groups. The observation
group of patients was selected according to the
random number table method, and there were
30 patients in each group. This study was con-
ducted in accordance with the Declaration of
Helsinki and with the approval from the Ethics
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Committee of the People’s Hospital of Guangxi
Zhuang Autonomous Region. All participants
gave their informed consent to participate in
this biomedical research activity. Inclusion cri-
teria: (a) American society of anesthesiologists
(ASA) physical status of the patients was | to lll;
(b) Ages were between 16 and 80 years old; (c)
Patients were undergoing treatment for gastric
cancer, colon cancer or rectum cancer; (d) TNM
stage was | to lll. Exclusion criteria: (a) concomi-
tant medical disease; (b) reject an operation; (c)
accept the preoperative neoadjuvant therapy;
(d) a need to perform diverting stoma; (€) emer-
gency patients; (f) surgery-related complicatio-
ns

Treatment methods

The patients in two groups accepted the surgi-
cal radical resection procedures, general anes-
thesia and received one drainage tube. Patients
with rectum cancer were given low anterior
resection; patients with gastric cancer were
given D2 radical gastrectomy with billroth I
gastrojejunostomy; patients with colon cancer
were given D3 radical colonic cancer surgery.
The two groups were given similar conventional
treatment, such as antibiotics, nutritional sup-
port and any other suitable treatment after the
operation. The observation group was given the
HSH 40 by using intravenous medication and
infusion in addition to the basic treatment; the
whole process was completed within 15 min-
utes; the applied dosage was 2.0 mL/kg/day of
drugs at 24, 48, and 72 hours after surgery.
The control group received an equal volume of
saline solution at the same time.

Outcome measures

The primary outcome measure was length of
hospital stay and the time of gastrointestinal
motility recovery which was assessed by the
time of first bowel sounds, first flatus, and toler-
ating solid food. Secondary outcome measure
was volume of abdominal drainage and urine
output at 24, 48, and 72 hours after the opera-
tion. Third outcome measures was levels of
plasma inflammatory cytokines (C3a, IL-6 and
IL-8) at 24, 48, and 72 hours after the opera-
tion. General assessments involved demo-
graphic characteristics (age, BMI, gender, ASA,
nicotine abuse, type of cancer, TNM stage and
type of operation) and intraoperative data
(duration of surgery, blood loss, fluid resuscita-
tion, and intraoperative urine output).
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Data collection

The length of hospital stay was decided by the
time when patients returning to a painless sta-
tus with oral analgesics, absence of increased
infectious parameters, wound healing distur-
bances, light diet without nausea and vomiting,
self-care ability, and bowel movements. To
determine the exact time towards gastrointesti-
nal motility recovery, bowel sounds were aus-
cultated and the patients were asked (twice a
day) about their first flatus and whether defeca-
tion had occurred.

Blood samples for measuring plasma cytokine
were taken 2 hours after receiving an injection
of HSH 40 postoperatively at 24, 48, and 72
hours. Quantitative measurements of plasma
cytokine levels were made using commercial
enzyme-linked immunosorbent assay kits ac-
cording to the manufacturer’'s instructions.
C3a (Quidel, USA). IL-6, IL-8 (Shibayagi, Gunma,
Japan), Sensitivities of the assays used were
0.7,4.4,3.9,0.5,0.3, 4.0 pg/mland 1.0 ng/ml,
respectively. Intra-assay and inter-assay coeffi-
cients of variation were all less than 10% in
each measurement. Cross reactivity with other
factors was negligible. All samples and stan-
dards were run in duplicate.

Statistical analysis

Statistical analysis was performed using SPSS
version 13.0 for Windows (SPSS Inc., Chicago,
IL, United States). Measurement data are ex-
pressed as mean = Sd. Baseline values were
compared using Student t test, Wilcoxon test,
and Fisher exact test. The effect of treatment
on gastrointestinal motility, piritramide consu-
mption, and length of hospital stay was ana-
lyzed by Student t test or Mann-Whitney U test,
depending on distributional properties. Diffe-
rences in cytokine plasma levels were assess-
ed using repeated-measures analysis of vari-
ance and corrected with a post hoc Bonferroni
test. A value of P<0.05 was considered as sta-
tistically significant difference.

Results

Demographic characteristics and intraopera-
tive data

A total of 71 patients undergoing gastrointes-

tinal carcinoma met our research criteria. Of
those, 9 patients refused to operation. Thus,
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Table 1. Demographic data

Observation group (n=30) Control group (n=30) P value

Age (yr)

BMI

Gender (M/F) (n)

ASA score (I/11/111) (n)

Nicotine abuse (Y/N) (n)

Gastric cancer/Colon cancer/Rectum cancer (n)
TNM stage (I/11/111) (n)

Operation method (L/0) (n)

60.95+10.95 60.64+13.28 0.725
27.13+3.21 26.73+7.33 0.821
14/16 17/19 0.547
3/20/7 5/17/8 0.353
7/23 6/24 0.571
9/11/10 7/12/11 0.734
6/10/14 5/10/15 0.684
14/16 16/14 0.587

Data are mean £ SD, BMI: Body Mass Index, Y/N, yes or no, TNM: Tumor, Node, Metastasis, L/O: Laparoscopic/Open.

Table 2. Intraoperative data

Observation group Control group P value
Duration of surgery (min) 136.14+40.98 122.05+£20.81 0.055
Blood loss (ml) 169.09+96.11 177.05+95.90 0.599
Fluid resuscitation (ml) 3113+107.14 2917+176.18 0.374
Intraoperative urine output (ml) 883.77+640.34 725.01+326.64 0.306

Data are mean + SD.

Table 3. Data of length of hospital stay and gastrointestinal motility

Observation group Control group P value
Length of hospital stay (d) 6.13+1.33 8.81+1.55 0.032
Return of gastrointestinal motility (h) 49.16+8.33 69.35+10.18 0.029

Data are mean + SD, d: day, h: hour after operation.

62 patients were randomized and assigned
equally to both groups. Because 2 patients dr-
opped out because of preoperative unrecog-
nized chronic drug abuse (analgesics). Alto-
gether, 60 patients (30 in the observation
group and 30 in the control group) completed
the study and were analyzed. Among the 60
subjects, there were 29 females and 31 males
aged 50-71 years. All the relevant demographic
and intraoperative data, such as age, BM|, etc.,
showed no significant differences between the
two groups (P>0.05) (see Tables 1 and 2). Th-
erefore, the two groups were able to compare
directly.

HSH 40 could shorten length of hospital stay
and accelerat gastrointestinal motility

Analysis of the primary endpoint showed a sig-
nificant difference (P<0.05) in length of hospi-
tal stay. Patients treated with HSH 40 were dis-
charged home about 2 days earlier than their
control counterparts (see Table 3). Additionally,
return of bowel function was significantly accel-
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erated in patients receiving HSH 40 injection.
Bowel sounds and first flatus occurred approxi-
mately 20 hours earlier compared with control
and time until first defecation was significantly
decreased in patients after injection of HSH
40. The time until to tolerating solid food was
also earlier in observation group than the con-
trol group (see Table 3).

HSH 40 could decrease the volume of abdomi-
nal drainage and increase urine output after
operation

The total volume of abdominal drainage and
urine output is shown in Table 4. Observation
group showed a significant decrease in the
abdominal drainage especially at 24 and 48
hours after operation (P<0.05), whereas there
was not significant difference at 72 hours
(P>0.05). Meanwhile, the urine output was sig-
nificantly increase in observation group at 24
and 48 hours after the operation (P<0.05),
whereas there was no significant difference at
72 hours (P>0.05). The time of postoperative
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Table 4. Volume of abdominal drainage and urine at different times after surgery

Time Observation group Control group P value
Volume of abdominal drainage (ml) 24 h 38.63+10.27 53.24+11.25 0.014
48 h 20.04+6.25 35.47+7.19 0.033
72 h 15.51+5.08 23.51+8.94. 0.759
Volume of urine (ml) 24 h 2319.09+446.93 1836.36+663.76 0.007
48 h 2961.36+732.59 2064.77+669.8 0.003
72h 2772.18+589.59 2795.45+627.76 0.218

Data are mean + SD, h: hour after operation.

Table 5. Data of plasma inflammatory cytokines at different

times after operation

ethyl starch 40 (HSH 40) injecti-
ons has increased in recent yea-

Time  Observation group Control group P value rs [5]. A large number of studies
C3a(pg/ml) 24h 152413 20216  0.023 revealed that HSH 40 is a hyper-
48h 146424 297+18 0.014 tonic coIIc_>idaI vol.ume expar_wder
79 h 114419 148421 0.067 ;th?t sustjln _effiptlve blgod cwcua
IL-6 (pg/mL) 24 h 63+12 88+11 0.043 ation, r? ucing tissue e ema an
decreasing the release of inflam-
48 h 52+14 152+27 0.003 .
matory mediator [6-8]. Therefore,
72h 44:17 62113 0.082 this randomized controlled trial
I8 (pg/mL) 24N 3816 4913 0.037 was conducted to assess the inf-
48 h 27+8 554 0.002 luence of HSH 40 on patient rec-
72 h 24+3 3148 0.158

overy after undergoing a gastroi-

Data are mean + SD, h: hour after operation.

urine volume peak in observation group also
showed earlier than control group.

HSH 40 could decrease the production of plas-
ma inflammatory cytokines at different times
after operation

HSH 40 injection could significantly change the
patient plasma complement C3a, IL-6, and IL-8
levels relative to those of the control group
after gastrointestinal carcinoma radical resec-
tion. As shown in Table 5, the levels of plasma
complement C3a, IL-6, and IL-8 in observation
group was lower than control group (P<0.05).
However, there was not significant difference
between two groups at postoperative 72 hours
(P>0.05).

Discussion

Although the risk of gastrointestinal carcinoma
has declined for the past few years, it is still the
most common malignant neoplasm around the
world [4]. Radical resection is currently the pri-
mary therapeutic option [2]. Enhancing recov-
ery after surgery is a primary consideration for
the gastrointestinal surgeons, because it will
significantly affect the prognosis of patients.
The use of hypertonic sodium chloride hydroxy-
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ntestinal carcinoma radical rese-
ction.

For the first time, HSH 40 injection was demon-
strated to significantly shorten the length of
hospital stay, and accelerate gastrointestinal
motility. In addition, HSH 40 injection enhanc-
ed patient recovery after undergoing the gas-
trointestinal carcinoma radical resection, alth-
ough the plausible mechanism remains elu-
sive. Plasma inflammatory cytokines have im-
portant recovery roles after surgery and in this
case complement C3a, IL-6, and IL-8 were the
most important inflammatory cytokines for tis-
sue repair [9]. Yu and his colleagues showed
that after the injection of HSH 40, plasma an-
ti-inflammatory mediator level was increased,
and inflammatory mediator was reduced in pa-
tients with lung injuries [10]. Consistent with
previous studies, this research also found that
HSH 40 injection could decrease plasma com-
plement C3a, IL-6, and IL-8 at 24 and 48 hours
after the operation. This indicated that HSH 40
can suppress plasma inflammatory cytokines
release in the early stage of post-operation,
alleviating tissue injury, and promoting patient
rehabilitation. Secondly, the concept of third-
spacing was not new, typically implying that a
space which has no effect or useful activity,
exists in lung, peritoneum and the bowel wall
[11, 12]. The third-space sequestration often
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referred to burns, massive ascites, crush inju-
ry, and operational section [13]. Some medical
colleagues revealed that the long operations
and especially those involving extensive inci-
sion would cause intravascular fluid moving
into the abdominal cavity or interstitial fluid of
the peritoneum and the bowel wall, and subse-
quently causing third-space sequestration [13-
15]. The common clinical features of third-sp-
ace sequestration include lower urine output
and increase in volume of abdominal drainage
after surgery [16]. This pathology phenomenon
will impede the recovery after surgery. Here,
the volume of abdominal drainage was reduced,
and urine output was increased when the
patients were injected with HSH 40 at 24 and
48 hours after the operation. The time of post-
operative urine volume peak was also earlier.
The data further indicate that HSH 40 injection
alleviated the problem of third-space seques-
tration, which led to enhanced recovery after
surgery. The possibility of tissue swelling occur-
ring exists and especially when the third-space
is full of fluid, and this may be found in any of
the dependent parts, such as lung or the intes-
tinal wall [17, 18]. In practice, it is difficult to
assess any patient’s third-space accurately
[19] and further research is needed.

In summary, for patients undergoing gastroin-
testinal carcinoma, injection of HSH 40 can
enhance the recovery process after operation
by suppressing the plasma inflammatory cyto-
Kines release and alleviating the third-space
sequestration. The experiment may provide an
inexpensive and convenient approach to en-
hance patient recovery after undergoing gas-
trointestinal carcinoma radical resection.

Acknowledgements

This work was supported by grants from the
Natural Science Foundation of China (No. 81-
660416) and Shanghai Wu Mengchao Medical
Science Foundation special for volume therapy
(C2005018).

Disclosure of conflict of interest
None.

Address correspondence to: Wei Mai and Lei Li,
Department of Gastrointestinal and Peripheral Va-
scular Surgery, People’s Hospital of Guangxi Zhuang
Autonomous Region, Nanning 530021, People’s

6138

Republic of China. Tel: +86-0771-2186306; Fax:
+86-0771-2186306; E-mail: 13977154858@139.
com (WM);, 1982li@sina.cn (LL); Fan-Biao Kong,
Department of Surgery, People’s Hospital of Guangxi
Zhuang Autonomous Region, Nanning 530021,
People’s Republic of China. Tel: +86-0771-2186306;
Fax: +86-0771-2186306; E-mail: kfb.32@163.com

References

[1] llson DH. Advances in the treatment of gastric
cancer. Curr Opin Gastroenterol 2018; 34:
465-468.

[2] Osland E, Memon B and Memon MA. Pha-
rmaconutrition administration on outcomes of
elective oncological surgery for gastrointesti-
nal malignancies: is timing everything?-a re-
view of published meta-analyses until the end
of 2016. Transl Gastroenterol Hepatol 2018; 3:
52.

[3] WangT, Jiang IH, Zhu JB, Wei XY, Li L and Liu B.
Effect of hypertonic sodium chloride hydroxy-
ethyl starch 40 on ET, TXB2, 6-keto-PGF1lq,
and ANP of preeclampsia in caesarean sec-
tion. Clin Exp Obstet Gynecol 2015; 42: 36-39.

[4] Zbhang J, Quadri S, Wolfgang CL and Zheng L.
New development of biomarkers for gastroin-
testinal cancers: from neoplastic cells to tumor
microenvironment. Biomedicines 2018; 6.

[5] Nascimento P Jr, de Paiva Filho O, de Carvalho
LR and Braz JR. Early hemodynamic and renal
effects of hemorrhagic shock resuscitation
with lactated Ringer’'s solution, hydroxyethyl
starch, and hypertonic saline with or without
6% dextran-70. J Surg Res 2006; 13: 98-105

[6] Hanke AA, Maschler S, Schochl H, Fléricke F,
Gorlinger K, Zanger K and Kienbaum P. In vitro
impairment of whole blood coagulation and
platelet function by hypertonic saline hydroxy-
ethyl starch. Scand J Trauma Resusc Emerg
Med 2011; 19: 12.

[71 Barros JM, do Nascimento P Jr, Marinello JL,
Braz LG, Carvalho LR, Vane LA, Castiglia YM
and Braz JR. The effects of 6% hydroxyethyl
starch-hypertonic saline in resuscitation of
dogs with hemorrhagic shock. Anesth Analg
2011; 112: 395-404.

[8] Bentsen G, Breivik H, Lundar T and Stubhaug
A. Hypertonic saline (7.2%) in 6% hydroxyethyl
starch reduces intracranial pressure and im-
proves hemodynamics in a placebo-controlled
study involving stable patients with subarach-
noid hemorrhage. Crit Care Med 2006; 34:
2912-2917.

[9] Btogowski W, Zuba-Surma E, Satata D, Bud-
kowska M, Dotegowska B and Starzynska T.
Peripheral trafficking of bone-marrow-derived
stem cells in patients with different types of

Int J Clin Exp Med 2019;12(5):6134-6139


mailto:13977154858@139.com
mailto:13977154858@139.com
mailto:1982li@sina.cn
mailto:kfb.32@163.com

[10]

[11]

[12]

[13]

(14]

HSH 40 enhances recovery after gastrointestinal cancer radical resection

gastric neoplasms. Oncoimmunology 2015; 5:
e1099798.

Yu G, Chi X, Hei Z, Shen N, Chen J, Zhang W
and Li S. Small volume resuscitation with 7.5%
hypertonic saline, hydroxyethyl starch 130/0.4
solution and hypertonic sodium chloride hy-
droxyethyl starch 40 injection reduced lung in-
jury in endotoxin shock rats: comparison with
saline. Pulm Pharmacol Ther 2012; 25: 27-32.
Redden M and Wotton K. Clinical decision
making by nurses when faced with third-space
fluid shift. How well do they fare? Gastroenterol
Nurs 2001; 24: 182-191.

Jacob M, Chappell D and Rehm M. The ‘third
space’-fact or fiction? Best Pract Res Clin
Anaesthesiol 2009; 23: 145-157.

Chan ST, Kapadia CR, Johnson AW, Radcliffe
AG and Dudley HA. Extracellular fluid volume
expansion and third space sequestration at
the site of small bowel anastomoses. Br J Surg
1983; 70: 36-39.

Honma K, Koles NL, Alam HB, Rhee P, Roll-
wagen FM, Olsen C, Keith JC Jr and Pollack M.
Administration of recombinant interleukin-11
improves the hemodynamic functions and de-
creases third space fluid loss in a porcine mod-
el of hemorrhagic shock and resuscitation.
Shock 2005; 23: 539-542.

6139

(15]

(16]

(19]

Chappell D, Jacob M, Hofmann-Kiefer K, Co-
nzen P and Rehm M. A rational approach to
perioperative fluid management. Anesthesi-
ology 2008; 109: 723-40.

Redden M and Wotton K. Third-space fluid
shift in elderly patients undergoing gastroin-
testinal surgery: Part 1: pathophysiological
mechanisms. Contemp Nurse 2002; 12: 275-
283.

Frost EA. The rise and fall of the third space:
appropriate intraoperative fluid management.
J Med Assoc Thai 2013; 96: 1001-1008.
Premaratna R, Ragupathy A, Miththinda JK
and de Silva HJ. Timing, predictors, and prog-
ress of third space fluid accumulation during
preliminary phase fluid resuscitation in adult
patients with dengue. Int J Infect Dis 2013; 17:
e505-509.

Gelderblom H, Loos WJ, Verweij J, de Jonge MJ
and Sparreboom A. Topotecan lacks third
space sequestration. Clin Cancer Res 2000; 6:
1288-1292.

Int J Clin Exp Med 2019;12(5):6134-6139



