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Background and Aims: No studies have compared the effects of ketamine and dexmedetomidine on bowel recovery. We 
evaluated the effects of intraoperative low‑dose ketamine or dexmedetomidine infusion on postoperative bowel recovery in 
patients undergoing gastrointestinal (GI) malignancy surgeries.
Material and Methods: This placebo‑controlled, randomized study was carried out in 84 American Society of Anesthesiologists II 
patients, aged 18–70 years, of either gender, undergoing elective open GI malignancy surgeries. Patients received intraoperative 
infusion of ketamine @ 0.1 mg kg‑1 h‑1 (KET), dexmedetomidine @ 0.25 µg kg‑1 h‑1 (DEX), or normal saline (placebo). Primary 
outcome was the time to first flatus and/or stool. Secondary outcomes included time to extubation, total analgesic requirement, 
postoperative pain scores, time to feeds, duration of intensive care unit (ICU) and hospital stay, and the incidence of adverse 
events. Continuous data were analyzed by the one‑way analysis of variance (ANOVA) or the Kruskal–Wallis test. Categorical 
data were analyzed by the Chi‑square test or the Fisher’s exact test.
Results: Median time to passage of flatus and/or stool was 3 [interquartile range (IQR) 2–3] days in the KET group, 2 [IQR 
2–3] days in the DEX group, and 2 [IQR 2–3] days in the placebo group (P = 0.53 for placebo vs. KET, 0.81 for placebo vs. 
DEX, and 0.99 for KET vs. DEX). Pain scores and analgesic consumption were significantly less in the intervention groups versus 
placebo (P < 0.001). No difference was seen in other secondary outcomes.
Conclusion: Low‑dose ketamine or dexmedetomidine did not result in early bowel recovery despite lower pain scores and 
opioid consumption in patients undergoing open GI malignancy surgeries.
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Key Message:
a. � What is known: Ketamine and dexmedetomidine may promote bowel recovery by improving analgesia and decreasing opioid 

usage.
b. � Main findings: This randomized controlled trial found no evidence of earlier bowel recovery with ketamine or dexmedetomidine 

versus placebo despite lower pain scores and analgesic consumption in the ketamine and dexmedetomidine groups.
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Introduction

Patients undergoing major gastrointestinal (GI) malignancy 
surgeries face a wide range of problems like perioperative 
immunosuppression, postoperative ileus, infection, and 
impaired wound healing, which may delay bowel recovery, and 
this can impact the overall outcome.[1‑3] Therefore, an optimal 
balance is required between anti‑ and pro‑inflammation that 
might result in bowel recovery, and anesthetics which favor 
this balance may thus be desirable.[4]

Infusions of ketamine and dexmedetomidine are commonly used 
intraoperatively for their opioid‑sparing and anti‑inflammatory 
properties. Owing to these properties, ketamine and 
dexmedetomidine have been used as part of enhanced recovery 
after surgery (ERAS) protocols for faster recovery, but studies 
have mostly investigated an opioid‑sparing effect.[5‑8] There is 
limited evidence of the effect of either ketamine or dexmedetomidine 
infusion on postoperative bowel recovery following GI malignancy 
surgeries. Furthermore, there are no head‑to‑head comparisons 
of these two drugs on bowel recovery and other safety profiles, 
which may guide clinicians to choose any one drug over the other.

Against this background, the primary aim of this study was to 
assess the effect of low‑dose intraoperative infusion of ketamine 
or dexmedetomidine on bowel recovery in terms of time to 
passage of first flatus/and or stool. We hypothesized that 
patients receiving either low‑dose ketamine or dexmedetomidine 
infusion will have earlier bowel recovery versus placebo. 
Secondary aims were to assess time to extubation after surgery, 
visual analog scores (VAS) for postoperative pain, total opioid 
and local anesthetic requirement, postoperative nausea and 
vomiting (PONV), time to tolerance of solid diet, duration of 
intensive care unit (ICU) and hospital stay, and the incidence 
of adverse events.

Material and Methods

This parallel‑arm, placebo‑controlled, randomized study 
was conducted after Institutional Ethics Committee 
approval (IEC/AIIMS BBSR/PG THESIS/2017‑18/33). 
Informed written consent was obtained from each patient 
enrolled in the study. The study was prospectively registered 
in the Clinical Trial Registry of India  (CTRI number: 
CTRI/2018/02/011880) before patient enrollment. Study 
start date was 02.19.2018, and the date of last patient 
recruitment was 10.22.2019.

Adult patients of either gender, belonging to American 
Society of Anesthesiologists II, aged 18–70  years, and 
posted for elective open GI malignancy surgery (gastric and 

colorectal cancers) under general anesthesia were enrolled 
into the study. Patients refusing to provide consent, those 
undergoing emergency or re‑do surgeries, patients with 
coagulopathies  (since this would be a contraindication to 
placement of an epidural catheter), uncontrolled diabetics, 
patients with heart blocks or arrhythmias, patients with 
intracranial disease, patients who could not be extubated >6 h 
of surgery, and those who had known contraindications 
or allergy to study drugs were excluded from the study. In 
addition, we excluded patients undergoing laparoscopic 
surgeries, obese patients (body mass index >30 kg m‑2), as 
well as patients with preoperative biochemical abnormalities 
like hypokalemia  (serum potassium  <3.5 mmol l‑1) or 
hypoalbuminemia  (serum albumin  <4  g dl‑1) since these 
could affect bowel and other postoperative recovery profiles.

Following enrollment, patients were randomized into 
one of three groups by a computer‑generated random 
number sequence as follows: group  KET  (n  =  28): 
patients received intravenous  (IV) infusions of ketamine 
@ 0.1 mg kg‑1 h‑1 (1 mg ml‑1 in 50 ml); group DEX (n = 28): 
patients received IV infusions of dexmedetomidine 
@ 0.25 µg kg‑1 h‑1  (4 µg ml‑1 in 50  ml); and group 
placebo (n = 28): patients received varied IV infusions of 
normal saline. 

All infusions were begun after tracheal intubation but before 
skin incision and were continued until skin closure. Allocation 
concealment was carried out with opaque sealed envelopes, 
which were opened when the patients were received in the 
preoperative holding area. The drugs for infusions were 
prepared and administered by an anesthesia resident from 
the adjoining theater who was not part of the study. Primary 
and secondary outcome measures were recorded by anesthesia 
providers or nurses unaware of the group allocation.

As per the institutional protocol, mechanical bowel preparation 
was carried out for patients scheduled for colorectal malignancy 
surgeries and for highly invasive gastric malignancies, the day 
before surgery. Routine mechanical bowel preparation was 
avoided for other gastric malignancy surgeries. Unrestricted 
access to clear fluids was allowed until 2 h before surgery. 
Premedication was not administered.

Inside the theater, monitoring of patients was carried out 
with pulse oximetry, five‑lead electrocardiogram (ECG), and 
noninvasive blood pressure before induction of anesthesia, 
and end‑tidal carbon dioxide (ETCO2) and nasopharyngeal 
temperature monitoring after tracheal intubation. Invasive 
blood pressure monitoring and/or central vein cannulations 
were performed as indicated on per case basis. Anesthesia 
was standardized in all patients and consisted of placement 
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of thoracic or lumbar epidural catheter under local anesthesia 
with the patient awake, followed by IV induction with 
propofol (2–3 mg kg‑1), fentanyl (2 µg kg‑1) and vecuronium 
bromide (0.15 mg kg‑1).

Anesthesia was maintained with isoflurane in a mixture of 50% 
air in oxygen and titrated to a bispectral index (BIS) (BIS 
Quatro; Covidien, Mansfield, MA, USA) of 50–60. Fluids 
were standardized in all patients and consisted of IV lactated 
Ringer’s solution given at a loading volume of 4  ml kg‑1 
followed by a maintenance regimen of 4–6 ml kg‑1 h‑1. Packed 
red blood cells were transfused if the hemoglobin was less than 
8 g dl‑1. Ventilation was adjusted to maintain an ETCO2 of 
35–45 mmHg during the procedure.

A bolus dose of IV paracetamol  (1000  mg in 100  ml) 
and 5 ml of 0.125% bupivacaine were administered via the 
epidural catheter after tracheal intubation and before skin 
incision in all patients. Intraoperative rates of the epidural 
bupivacaine infusions were left to the discretion of the attending 
anesthesiologist. Fentanyl 1 µg kg‑1 bolus was repeated if there 
was a >20% increase in either heart rate and/or systolic blood 
pressure. Intraoperative core temperature was maintained in all 
patients within 35°C–37°C using warm fluids and forced air 
warming blankets. At the end of the surgery, isoflurane was 
discontinued and neuromuscular blockade was antagonized with 
IV neostigmine (50 µg kg‑1) and glycopyrrolate (10 µg kg‑1) 
when there were spontaneous respiratory efforts. The time 
to extubation was noted in minutes from administration of 
neostigmine to removal of the tracheal tube.

Patients were shifted to surgical ICU and were shifted to the 
ward once they met the institutional criteria. Postoperatively, 
1000 mg of paracetamol was administered IV every eighth hour 
for the first 24–36 h. Epidural infusions of 0.125% bupivacaine 
were continued at 4 ml h‑1 and increased by 1 ml h‑1 after 
administering a 5 ml bolus if VAS was >4, till a maximum of 
6 ml h‑1. Fentanyl 1 µg kg‑1 was additionally given IV if VAS was 
still >4. VAS was measured every second hour on days 0 and 
1. Epidural infusions were continued 48–72 h postoperatively. 
Total intraoperative and postoperative opioids and local anesthetic 
consumption were recorded until the first 48 h. Postoperatively, 
patients received a restrictive fluid administration of lactated 
Ringer’s solution @ 1.5–2 ml kg‑1 h‑1 till satisfactory feeds were 
achieved by the oral or feeding jejunostomy route. Blood sugars 
were titrated in all patients between 140 and 180 mg dl‑1.

Vasopressor support (noradrenaline) was initiated if patients’ systolic 
blood pressure was <90 mmHg despite fluid challenges (aliquots 
of 250  ml). PONV was recorded for the first 48 h as a 
binary (present/absent) response. Other adverse events recorded 
were the incidence of bradycardia (heart rate <50 beats min‑1 

with or without the need for vasoactive drugs), and postoperative 
agitation, combative behavior, or hallucination (with or without 
need for treatment) during the duration of ICU stay.

Previous studies have shown that a 1‑day difference in time 
to passage of flatus could be considered significant.[9,10] 
Accordingly, allowing for a standard deviation (SD) of 1 day, 
a total sample size of 84 was calculated (28 in each group) to 
detect a difference of at least 1 day in the time to passage of 
flatus and/or stool. The study was powered to 90%, allowing 
an alpha error of 5%. P < 0.05 (2‑tailed) was considered 
significant. The normality of the data was analyzed by Shapiro–
Wilk test. Continuous data were expressed as mean (SD) or 
median [interquartile range (IQR)] depending on the normality 
and analyzed with the one‑way analysis of variance (ANOVA) 
with Tukey post hoc test for pairwise comparisons or the 
Kruskal–Wallis test followed by post hoc Bonferroni correction 
for pairwise comparisons, respectively. Categorical data were 
expressed as percentages and analyzed by Chi‑square test or 
the Fisher’s exact test. Data analysis was carried out by the 
statistical software R (R Studio Version 3.6, Vienna, Austria).

Results

A total of 95  patients were assessed for eligibility and 
84  patients were enrolled after they were found to meet 
the inclusion criteria over a 1.9‑year period  [Figure  1; 
CONSORT  diagram; CONSORT‑  Consolidated 
Standards of Reporting Trials]. Baseline characteristics are 
presented in Table 1. There was no significant difference in 
the duration of surgery or intraoperative fluid requirement 
which could potentially impact the outcomes.

The median time to passage of flatus and/or stool was 3 [IQR 
2–3] days in the KET group, 2  [IQR 2–3] days in the 
DEX group, and 2 [IQR 2–3] in the placebo group. The 
difference in the primary outcome between the groups was not 
significant (P = 0.53 for placebo vs. KET; 0.81 for placebo 
vs. DEX; and 0.99 for KET vs. DEX).

The median VAS was significantly lower in the intervention 
groups versus placebo on postoperative day 0:  2  [IQR 
2–3] in the KET group, 2 [IQR 2-2] in the DEX group, 
and 3  [IQR 3–4] in the placebo group  (P < 0.001 for 
placebo vs. both KET and DEX). On postoperative day 
1, however, VAS was lower only in the DEX group versus 
placebo (P < 0.001), but not between KET and placebo 
groups (P = 0.13). VAS was comparable between the KET 
and DEX groups on postoperative day 0 (P = 0.39), but a 
significantly lower VAS was seen in the DEX versus KET 
groups on postoperative day 1 (P < 0.001).
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The mean total perioperative fentanyl consumption was 
significantly lower in the intervention groups versus placebo: 
185.7  (SD 80.3) µg in the KET group and 175  (SD 
77.5) µg in the DEX group versus 276.7  (SD 90.7) µg 
in the placebo group (P < 0.001 for placebo vs. both KET 
and DEX groups; P = 0.87 between KET and DEX). 
The mean total perioperative epidural bupivacaine used was 
significantly lower in the intervention groups versus placebo: 
259.3 (SD 39.8) mg in the KET group and 250.5 (SD 
31.7) mg in the DEX group versus 310.5 (SD 45.3) mg 
in the placebo group (P < 0.001 for placebo vs. both KET 
and DEX; P  = 0.68 between KET and DEX). There 
was no difference in the median time to tolerance of solid 
food (P = 0.4 for all intergroup comparisons) [Figure 2]. 
No significant differences were found in the other secondary 
outcome parameters  [Table  2]. No adverse events like 
psychomimetic episodes in the KET group or bradycardia in 
the DEX group were noted.

Discussion

In this study, we failed to find any beneficial effect 
of intraoperative low‑dose infusion of ketamine or 
dexmedetomidine versus placebo on bowel recovery in 
patients undergoing open GI malignancy surgeries. The 
benefits of lower opioid requirements and better analgesia 

seen with ketamine and dexmedetomidine did not translate 
into improved postoperative bowel recovery. Safety profiles 
of the drugs, however, were favorable.

Postoperative ileus is common after major GI surgery and 
results in PONV, abdominal distention, absence of passage 
of flatus or stool, gas and fluid accumulation, and poor 
tolerance to enteral feeds.[1,2] Delayed bowel recovery due 
to postoperative ileus increases morbidity and hospital stays 
and adds to the overall health‑care costs.[1] Apart from bowel 
handling, various other factors like perioperative use of opioids 
and inflammation, sympathetic overactivation, and so forth play 
a major role in delayed bowel recovery.[1,2] This is the basis or 
ERAS principles, which aim to promote anesthetic adjuvants 
with opioid‑sparing and immunomodulatory properties like 
ketamine and dexmedetomidine as part of accelerated care 
pathways to promote gut motility.

Perioperative infusion doses of ketamine ranged from 
1 to 5 µg kg‑1 min‑1 or from 0.06 to 0.3 mg kg‑1 h‑1.[11] Our 
findings are similar to McKay and Donais,[12] who failed 
to find any effect of low‑dose ketamine (1.5 mg kg‑1 bolus 
followed by infusion of 2.5 µg kg‑1 min‑1) on bowel recovery 
in patients undergoing open abdominal surgeries. It has been 
suggested that the incidence of psychomimetic effects increases 
with continuous doses of ketamine  >2.5 µg kg‑1  min‑1.[5] 
Unlike other studies, however,[12,13] we did not find any adverse 
effects like postoperative hallucinations in our patients. This 

Table 1: Baseline characteristics of the three groups

Parameters Group KET (n=28) Group DEX (n=28) Group placebo (n=28)
Age(years) 48 [40–63.2] 59 [53–63] 54.5 [48.7–66]
Male: female 15:13 20:8 21:7
Duration of surgery (min) 224.6 (71.2) 193.4 (62.5) 212.5 (68.4)
Intraoperative fluids (ml) 1992.9 (476.8) 1907.1 (682.5) 1960.7 (610)
ANOVA=analysis of variance, DEX=dexmedetomidine, KET=ketamine. Values are median [interquartile range], mean (standard deviation), or number of patients. P is 
not significant between the groups for the duration of surgery and intraoperative fluids. One‑way ANOVA with Tukey post hoc test was used for testing the difference in 
the duration of surgery and the fluid requirements among the three groups

Figure  2: Box–Whisker plot for time to tolerance for oral feeds. Median is 
depicted by a dark black line in the box, with the box denoting the interquartile 
range; outliers are denoted by the * or  ᴼ symbols. Group  1‑  ketamine; 
Group 2‑ dexmedetomidine; Group 3‑ placebo

Figure 1: CONSORT flow diagram showing enrollment of patients in the study 
CONSORT‑ Consolidated Standards of Reporting Trials
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may be because the infusion dose of ketamine in our study 
was ~1.67 µg kg‑1 min‑1.

Infusion doses of dexmedetomidine in various studies ranged 
from 0.2 to 07 µg kg‑1 h‑1.[11] While some studies reported a 
beneficial effect of dexmedetomidine on postoperative bowel 
recovery,[14‑17] other studies have failed to find such a beneficial 
effect.[18‑20] This may be due to different doses used, patient 
populations with different pharmacokinetics (obese patients), 
nature of surgeries (bowel handling vs. no bowel handling), 
and possibly, an antimotility effect of dexmedetomidine itself,[18] 
which may occur with doses as low as 0.2 µg kg‑1 h-1.[21]

The main limitation of our study was that we included patients 
undergoing both gastric and colorectal cancers, which may 
have affected the results. It has been shown that incidence of 
postoperative ileus varies according to the site of resection, 
with an incidence of 19.2% for small bowel resections versus 
14.9% for large bowel resections.[1,22] Another limitation was 
that the doses of the drugs studied were not equipotent. This 
was borne by the fact that VAS on postoperative day 1 was 
lower in the dexmedetomidine group versus ketamine group. 
It has also been shown that epidural analgesia promotes bowel 
recovery due to sympatholysis.[23] All patients in our study 
received epidural analgesia. Thus, the effect of any drug in 
addition to an epidural technique which itself promotes bowel 
recovery may be minimal. Finally, the rates of infusion of the 
drugs were varied as they were weight based which may have 
affected blinding.

To conclude, intraoperative infusion of low‑dose ketamine or 
dexmedetomidine in patients undergoing open GI malignancy 
surgeries did not result in a faster bowel recovery versus 
placebo, despite lower postoperative pain scores and analgesic 
requirements. Further trials may look at different doses of these 
two drugs to see the effect on bowel recovery.
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