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Rhubarb vs. glycerin enema for treatment of critically
ill patients with intra-abdominal hypertension
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Abstract. Rhubarb has been used as an evacuant for thousands
of years. However, recent research has indicated that rhubarb
inhibits inflammation and protects organ function. In the
current study, the use of rhubarb was investigated in patients
with intra-abdominal hypertension (IAH). Specifically, its
dual role in attenuating lung and bowel injury by catharsis and
inhibiting inflammation was evaluated. Patients in the glycerin
group (n=56) received 110 ml of glycerin enema by coloclysis
once daily for 7 to 9 days. Patients in the rhubarb group (n=56)
were treated with a mixture of 0.3 g/kg body weight rhubarb
powder in 100 ml warm water. The Acute Physiology and
Chronic Health Evaluation IT (APACHE II), Sepsis-Related
Organ Failure Assessment (SOFA), intra-abdominal pressure,
procalcitonin (PCT), C-reactive protein (CRP), tumor necrosis
factor-a (TNF-a) and interleukin (IL)-6 levels were recorded.
The duration of mechanical ventilation (MV), respiratory
parameters, first day of enteral nutrition (EN), intensive care
unit (ICU) hospital stay and 30-day mortality were also
recorded. The APACHE II scores were significantly lower in
the rhubarb group compared with the glycerin group from day
3t0 9 (P<0.05 at day 3 and 4; P<0.01 at day 5, 7 and 9). The
SOFA scores were significantly lower in the rhubarb group
compared with the glycerin group from day 5 to 9 (P<0.05).
PCT levels were significantly lower from day 4 to 9 (P<0.05)
and the CRP level was significantly lower from day 3 to 9
(P<0.05) in the rhubarb group compared with the glycerin
group. The TNF-a and IL-6 were significantly lower in the
rhubarb group compared with the glycerin group from day 3
to 9 (P<0.05 at day 3 and 4, P<0.01 at day 5, 7 and 9). The
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positive end-expiratory pressure and peak inspiratory pres-
sure were significantly lower in the rhubarb group compared
with the glycerin group at day 3, 5 and 7 (P<0.05 at day 3
and 5, P<0.01 at day 7), while the oxygenation index (P<0.05)
and alveolar-arterial partial pressure of oxygen (P<0.05 at
day 3 and 5, P<0.01 at day 7) were significantly improved.
Significantly shorter durations of MV and ICU hospital stay,
and earlier EN, were observed in the rhubarb group compared
with the glycerin group (all P<0.05). Rhubarb treatment was
indicated to be beneficial in IAH, by inhibiting inflammation
and restoring intestinal function.

Introduction

Critically ill patients are prone to developing intra-abdominal
hypertension (IAH) and abdominal compartment syndrome
(ACS). IAH has been reported in 35% of intensive care unit
(ICU) patients, 5% of which also manifest ACS (1), which is an
important factor leading to an increased mortality rate in ICU
patients. In critically ill patients, contributing factors often
overlap, leading to elevated intra-abdominal pressure (IAP),
and resulting in multiple organ failure (2-4).

The severity and duration of TAH is associated with
the incidence and mortality of multiple organ dysfunction
syndrome (MODS) (5). Previous results have indicated that
global hemodynamics, oxygenation and organ function are
notably affected by sustained IAH of 12 h combined with
severe acute pancreatitis (SAP) (6). Animal models of SAP
treated with 25 mmHg IAH/ACS undergoing delayed decom-
pression had a higher grade of lung and intestinal injury (7).
Increased oxygenation index and urinary output were the
most pronounced effects of decompressive laparotomy, with
a mortality rate of 49.2% (8). Surgical abdominal incision
decompression resulted in a rapid decline in intra-abdominal
pressure by 50%, without improving the Sepsis-Related Organ
Failure Assessment (SOFA) score (9).

Patients with bowel dysfunction, which leads to ITAH/ACS,
are typically treated using conservative therapy to reduce
intra-abdominal pressure. Currently, glycerin enema is
commonly used for catharsis. The content of 1,2,3-propanetriol
is 42.7 g per 100 g of glycerin enema, which is not absorbed
after entering the rectum and acts as a laxative.
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Table I. Patient clinical demographics.

WAN et al: RHUBARB ALLEVIATE IAP

Parameter Glycerin group Rhubarb group P-value
Number of cases (n) 56 56
Sex (male/female) 46/10 43/13 0.483
Age (years) 43+16 45+15 0.673
Class of intra-abdominal hypertension at admission, n (%)
| 28 (50%) 27 (48.2%) 0.850
1T 18 (32.1%) 21 (37.5%) 0.552
I 10 (17.9%) 8 (14.3%) 0.607
Abdominal compartment syndrome at day 30, n (%) 10 (17.9%) 13 (23.2%) 0.483
Diagnosis, n (%)
Severe acute pancreatitis 36 (64.3%) 30 (53.6%) 0.249
Septic shock 10 (17.9%) 13 (23.2%) 0.483
Post-cardiopulmonary resuscitation 5 (8.9%) 10 (17.9%) 0.165
Bowel obstruction 5 (8.9%) 3(5.4%) 0.463
Co-morbidities, n (%)
Hypertension 11 (19.6%) 6 (10.7%) 0.188
Diabetes 7 (12.5%) 9 (16.1%) 0.589
Hyperthyroidism 2 (3.6%) 0 (0.0%) 0.154
Schistosomal cirrhosis 1 (1.8%) 2 (3.6%) 0.558
Chronic obstructive pulmonary disease 3(54%) 5 (8.9%) 0.463
No co-morbidities 32 (57.1%) 34 (60.7%) 0.701
Liver function
Alanine aminotransferase (U/1) 89.60+25.81 95.18+27.23 0.268
Aspartate aminotransferase (U/1) 88.75+20.56 96.20+26.64 0.101
Kidney function
Blood urea nitrogen (mmol/l) 19.52+7.70 18.85+9.84 0.691
Creatinine (zmol/l) 151.39+45.93 139.96+27 .44 0.113
White blood cells (x10%/1) 17.06+8.51 16.35+7.37 0.636
Body mass index (kg/m?) 23.73+4 .38 25.09+3.77 0.080

TAH/ACS is characterized by declining gastrointestinal
peristalsis as well as intestinal mucosal edema and damage
to the intestinal mucosal barrier, resulting in acute lung
injury/acute respiratory distress syndrome (ALI/ARDS),
acute renal failure and serious systemic inflammatory
response syndrome (SIRS) (10,11). Therefore, catharsis alone
may not be adequate therapy for IAH/ACS. Rhubarb is asso-
ciated with multiple therapeutic effects and is often used to
relieve constipation (12). A recent study also indicated that
rhubarb also promotes intestinal epithelial proliferation
and improves intestinal function in sepsis (13). It has been
reported to inhibit the expression of inflammatory markers
and exert a protective effect against organ damage in
sepsis (14).

Based on these previous results, the current study aimed
to investigate the pharmacological effects of raw rhubarb in
reducing IAP and improving the function of the intestinal tract
and other organs. To this end, a randomized and controlled
clinical trial was conducted to compare rhubarb and glycerin
enemas in IAH/ACS patients. The protective role of rhubarb in
TAH/ACS were evaluated in order to assess its potential as a
therapeutic alternative.

Patients and methods

Patients and groups. The current study was conducted in
the Departments of General Surgery, ICU and Emergency
of the Affiliated Hospital of Jiangsu University. Critically
ill patients with IAH and acute gastrointestinal injury (AGI)
stage [-111, aged 18-80 years, were consecutively recruited into
this study. AGI was defined by the criteria of the European
Society of Intensive Care Medicine Working Group (15).
TAH was defined as a consistently increased IAP value of
=12 mmHg. ACS was defined as IAP >20 mmHg. Single organ
dysfunction or MODS/ACS was diagnosed using the criteria
of the World Society of ACS (16). Patients with mechanical
intestinal obstruction or AGI at stage IV were excluded.
Patients with a high probability of receiving abdominal
surgery were also excluded. From October 2011 to July 2015,
140 patients were assessed for eligibility, and 112 patients
were selected for inclusion in the trial. According to the
order of admission, patients were randomly assigned to the
glycerin enema group or the rhubarb group (Fig. 1). Patients'
clinical demographics at admission are summarized in
Table I.
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l Assessed for eligibilty n=140

» 28 With IAF 12 mmkg

112 With 1AP 212 mmHg

58 Recaived glycerin therapy

56 Received rhubarb therapy

10 With no ACS
4 Died on day 10,13,15,18, respectively
2 Abandoned for family reasons and died on day
10,13, respactivaly
4 Transferred to other hospitals, 3 died on day 10,13,17,
respectively
11 With ACS
3 Underwant surgery, 2 died on day 13,15
5 Received conservative therapy and died on day

20 Received
mechanical ventilation

10,11,14,15,18, respectively
2 Transferred to other hospitals and died on
day 12,17, respectively

13 With no ACS
& Died on day 10,12,15,20,21,23 respectively
2 Abandoned for family reasons and died on day
10,11 respactivaly
5 Transfarred to other hospitals, 2 died on day 13,15,
respactively
12 With ACS
2 Underwent surgery and died on day 14,19
5 Received conservative therapy,4 died on day

23 Recehved
mechanical ventilation

12,15,18.23, respactively

5 Transferred to other hospitals and died on
day 10,13,16,20,23, respectively

37 Survived on day 30 |

| 3€ Survived on day 30

Figure 1. Flow diagram describing enrollment, grouping and follow-up results of the clinical trial. IAP, intra-abdominal pressure.
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Figure 2. Effect of rhubarb or glycerin enema on IAP. No significant differ-
ences between the groups were found at any time point. IAP, intra-abdominal
pressure.

Treatment. All patients with IJAH/ACS underwent necessary
treatment (17). Patients with respiratory failure received
mechanical ventilation (MV) until recovery. The initial param-
eters of MV included a tidal volume of 6-8 ml/kg, platform
pressure of 30-35 cm H,O and a positive end-expiratory pres-
sure (PEEP) of 8-16 cm H,0O. The parameters were adjusted
according to arterial blood gas (ABG) analysis.

Patients in the glycerin group received 110 ml glycerin
enema (Winguide Huangpu Pharmaceutical, Shanghai, China)
via coloclysis once daily for 7-9 days. Patients were main-
tained in the supine position to retain glycerin in the intestine
for more than 10 min.

Patients in the rhubarb group received 0.3 g/kg body weight
rhubarb powder (Gansu Yalan Pharmaceutical Co., Ltd.,
Gansu, China) soaked in 100 ml warm water (80-100°C, for
30 min and cooled down to 37°C) via coloclysis once daily for
7-9 days. Enteral nutrition (EN) was administrated to patients
via the nasogastric tube or oral route. EN suspension was initi-
ated with Peptison (1 kcal/ml; Nutricia Pharmaceutical Wuxi
Co., Ltd) and switched to Nutrition Fibre (1.5 kcal/ml) with
feeding speed from 30 ml/h to 100 ml/h by using a nutrition

pump.

Testing. Acute Physiology and Chronic Health Evaluation 11
(APACHE II) (18) and SOFA scores (19) were conducted twice

on days 1-5, 7 and 9 post-admission, and the scores indicating
greatest severity on each day were recorded.

Peripheral venous blood samples were collected on days
1-5, 7 and 9 post-admission to measure the concentrations of
serum interleukin (IL)-6, tumor necrosis factor-a (TNF-a),
procalcitonin (PCT) and C-reactive protein (CRP) using
ELISA kits (ab178013, ab181421, ab100630 and ab99995;
Abcam, Cambridge, MA, USA).

Arterial blood samples were tested at least twice per day in
patients that received MV and the most severe results of ABG
were used to calculate the oxygenation index (PaO,/FiO,). PEEP,
alveolar-arterial partial pressure of oxygen (P, ,0,) and peak
inspiratory pressure (PIP), duration of MV, duration of ICU
hospital stay, first day of EN and 30-day mortality were recorded.

The bladder inner pressure measured in a recumbent
position was used to assess the level of IAP. A Foley catheter
(18 Fr) was inserted into the bladder, to drain urine, followed
by injection of 25 ml saline. The catheter was connected to
a pressure transducer. The operator selected the zero level of
axillary midline for measurement at the end of the breath. The
measurement was performed three times in total and the mean
of the data was recorded (16,17).

Statistical analysis. The primary endpoints of this study were
the duration of MV, ICU hospital stay, first day of EN and
30-day mortality. The secondary endpoints were the level of
IAP, systemic inflammation and disease severity. Data were
expressed as the mean + standard deviation. Differences
between groups were analyzed using the chi-squared test,
a rank sum test and repeated analysis of variance, on SPSS
20.0 software (IBM SPSS, Armonk, NY, USA). P<0.05 was
considered to indicate statistical difference.

Results

Effect of rhubarb and glycerin therapies on IAP. After inter-
vention with rhubarb or glycerin enema, the IAP of patients
in both groups began to decrease from day 3 (Fig. 2). No
significant differences were observed between the two groups
at any time point.

Effect of rhubarb and glycerin therapies on severity scores.
The APACHE II scores in both groups showed a declining
trend (Fig. 3A). The APACHE 11 scores in the rhubarb group
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Figure 3. Effect of rhubarb or glycerin enema on severity scores and inflammatory marker levels. (A) APACHE II score, (B) SOFA score, (C) PCT level,
(D) CRP level, (E) TNF-a level and (F) IL-6 level after rhubarb or glycerin enema. "P<0.05 and #P<0.01 vs. glycerin group. APACHE II, Acute Physiology and
Chronic Health Evaluation II; SOFA, Sepsis-Related Organ Failure Assessment; PCT, procalcitonin; CRP, C-reactive protein, TNF-a, tumor necrosis factor-a;

IL-6, interleukin-6.

were significantly lower compared with the glycerin group
from day 3 to day 9 (day 3-4, P<0.05; day 5-9, P<0.01). The
SOFA scores showed no significant difference between the
two groups from day 1 to day 4 however, from day 5 to 9,
the SOFA scores of the rhubarb group were significantly lower
compared with the glycerin group (P<0.05; Fig. 3B).

Effect of rhubarb and glycerin therapies on the levels of
inflammatory markers. PCT, CRP, TNF-a and IL-6 levels in
both groups showed a declining trend (Fig. 3C-F). From day
4 to 9, the PCT levels of the rhubarb group were significantly
lower compared with the glycerin group (P<0.05; Fig. 3C).
From day 3 to 9, the CRP levels of the rhubarb group were
significantly lower compared with the glycerin group (P<0.05;

Fig. 3D). Similarly, from day 3 to 9, the TNF-a and IL-6 levels
of the rhubarb group were significantly lower compared with
the glycerin group (day 3-4, P<0.05; day 5-9, P<0.01; Fig. 3E
and F).

Effect of rhubarb and glycerin therapies on the duration
of MV, first day of EN and ICU hospital stay. A total of
20 patients in the glycerin group and 23 patients in the rhubarb
group received MV (20/56 vs. 23/56, x*=0.340, P=0.698). The
duration of MV and the ICU hospital stay in the rhubarb group
were significantly lower compared with the glycerin group
(both P<0.05; Table II). The first day of EN administration
was significantly earlier in the rhubarb group compared with
the glycerin group (P<0.05).
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Parameter Glycerin group Rhubarb group P-value
Duration of mechanical ventilation (days) 8.20+3.93 4.13+2.36" 0.034
First day of enteral nutrition (day) 7.64+2.94 5.91+1.99 0.017
Intensive care unit hospital stay (days) 16.02+4.93 14.29+3.53% 0.039
“P<0.05 vs. glycerin group.
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Figure 4. Effect of rhubarb or glycerin enema on respiratory parameters. (A) PEEP, (B) PIP, (C) P, ,, O,and (D) oxygenation index (PaO,/FiO,) after rhubarb
or glycerin enema. "P<0.05 and *P<0.01 vs. glycerin group. PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; P, , O,, alveolar-arterial
partial pressure of oxygen; PaO,, partial pressure of oxygen; FiO,, fraction of inspired oxygen.

Effect of rhubarb and glycerin therapies on respiratory
parameters in patients with M'V. From day 3 to day 7, the
level of PEEP and PIP in the two groups declined. The levels
of PEEP and PIP in the rhubarb group were significantly
lower compared with the glycerin group (P<0.05 on day 3
and 5; P<0.01 on day 7; Fig. 4A and B). The level of P, , O,
declined from day 1 to 7, and was significantly lower in the
rhubarb group compared with the glycerin group from day 3
to 7 (P<0.05; Fig. 4C). The oxygenation index increased from
day 1 to 7, and was significantly higher in the rhubarb group
compared with the glycerin group from day 3 to 7 (P<0.05 on
day 3 and 5; P<0.01 on day 7; Fig. 4D).

30-day mortality. No significant difference in 30-day mortality
was indicated between the groups (33.9 vs. 37.5%, x*=0.156,
P=0.693; Fig. 5).

Adverse events. In the rhubarb group, there were 23 patients
with abdominal pain (41.1%), 10 patients with nausea (17.9%)
and five patients with vomiting (8.9%). One patient suffered
bleeding from hemorrhoids, which stopped after cessation
of enema. In the glycerin group, there were 30 patients with
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0 5 10 15 20 25 30 35
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Figure 5. Effect of rhubarb and glycerin enema on 30-day mortality rate.
The 30-day mortality rate was 33.9% in the glycerin group and 37.5% in the
rhubarb group, with no significant difference in survival between the groups.
%*=0.156, P=0.693.

abdominal pain (53.6%), 13 patients with nausea (23.2%) and
3 patients with vomiting (5.4%). No specific treatment was
administered to eliminate these adverse symptoms. No signifi-
cant difference in adverse event rate was observed between the
two groups (%*=0.104, P=0.588).
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Discussion

IAH developed with MODS may lead to ACS in critically ill
patients (20). In addition to the abdominal cavity, multiple
organs are affected directly and indirectly, resulting in
decreased cardiac output, pulmonary edema, atelectasis,
increased intracranial pressure, deterioration of conscious-
ness, reduced renal blood flow and even kidney failure (17,21).

APACHE II, CRP and IAP levels are good predictors of
disease severity in critical acute pancreatitis (22). Previous
results indicated that APACHE II and SOFA scores were
positively associated with the severity of IAP (20). The current
study demonstrated that rhubarb inhibited inflammatory
factors, improved APACHE II and SOFA scores, increased
the intestinal tolerance to EN (allowing earlier administration)
and decreased the duration of hospital stay in ICU. Rhubarb
and its active ingredients not only reduce IAP, but also inhibit
inflammatory factors and protect organ function, particularly
gastrointestinal function. (12,23).

ALI is considered to be a risk factor for TAH (9). IAH has
also been reported to dramatically increase the incidence of
ALI/ARDS (24). In previous studies, rhubarb and dexametha-
sone significantly reduced the edema of lung tissue, decreased
the red blood cell exudation, neutrophil infiltration and plasma
protein exudation in the alveoli, and inhibited nitric oxide
(NO) and the activities of inducible NO synthase in acute lung
injury (21,25). Rhubarb has also been reported to protect lung
fibroblast cells against oxidative damage by enhancing cellular
antioxidant activity and modulating cellular signal transduc-
tion pathways (26) These studies could potentially explain the
improvement of oxygenation index and P,_,O, in the rhubarb
group of the current study.

In conclusion, rhubarb enema had a protective effect
against IAH and may be more effective compared with
glycerin enema. However, the current study was limited by
a relatively small sample size and a trial design that was not
fully rigorous due to restrictions involving clinical research
and ethics. The dose of rhubarb could not be further increased
due to ethical restrictions. These factors may have led to bias
in this research results. To address these issues, the current
authors intend to develop an optimized design and conduct
a multicenter observational study. Further clinical and basic
studies are required to confirm these findings and elucidate the
mechanism of action of rhubarb.
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