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Abstract. Objective and DesignTo study the potential placebo group developed more than one complication
effect of ranitidine on postoperative infectious complicationscompared with 5 patients (6.5%) in the ranitidine group.
following emergency colorectal surgery. A randomized,Conclusion: Ranitidine may have a beneficial effect on
placebo-controlled, double-blind trial was carried out inpostoperative infectious complications in patients following
three university clinics and two county hospitals in Denmark.acute colorectal surgery.
Patients and TreatmentOne hundred and ninety-four
consecutive patients undergoing acute colorectal surgeryey words: Wound infection — Infectious complications —
for perforated and/or obstructed large bowel were randoRanitidine — Colorectal surgery — Immunology
mized in a double-blind fashion to receive ranitidine 100 mg
i.v. twice a day commencing at induction of anesthesia and
continued for five days (group 1) or i.v. placebo (group II).
All patients were given 1.5g metronidazole plus 3.0glntroduction
cefuroxime at the time of surgery. Patients with perforation
of the colon or rectum were given metronidazole andDespite advances in the antibiotic treatment of aerobic and
cefuroxime for further 3 days. All patients were assesse@naerobic bacteria, infectious complications remain a major
daily until discharge from the hospital. Thirty patients were cause of postoperative morbidity and mortality, particularly
withdrawn from the study (for reasons such as othemfter emergency operations [1-5]. Transient impairment in
diagnosis, refused to continue, medication not given agmmunocompetence is induced by major surgery, trauma,
prescribed). and burns [6-8], and preoperative and postoperative
Main Outcome Measure®atients were observed for signs immunosuppression correlates with the risk of developing
of infectious complications; such as wound infection, intra-postoperative infectious complications [9—-12]. The mechan-
abdominal abscess, septicemia, and pneumonia. ism leading to trauma-induced immunosuppression is still
Results:Both groups were similar with respect to age, sex,only partially elucidated, but several peptides and suppressor
weight, duration of surgery, blood transfusions, and site ofmolecules [13, 14] are thought to be involved in the process
the procedure, as well as the histologic nature of theén which down-regulation of interleukin-2 (IL-2) production
underlying disease process. However, the Mannheinand release plays a key role [15, 16].
Peritonitis Index (MPI) was significantly higher in group | Hitherto, histamine has been considered primarily as an
compared with group Il f<0.05). Wound infection, effector molecule in immediate hypersensitivity responses,
intraabdominal abscess, septicemia, and pneumonia weklait much evidence has accumulated to suggest that
12.9%, 5.2%, 3.8% and 14%, respectively in group I. Inhistamine is also a strong regulator of the immune system
group Il, the infectious complications were 16.1%, 6.8%,acting on specific histamine receptors expressed by immune
6.9% and 22%, respectively. Twelve patients (13.8%) in thecompetent cells [17-19]. It is well known that histamine is
released from mast cells and basophils immediately after
- traumatic events [20, 21] and that it may be involved in the
Correspondence td=. Moesgaard inflammatory response [17, 22].
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Experimental studies have suggested thatreteptor sutures. Intra-abdominal drains, if used, were brought out separated
antagonists (FRA) reduce trauma-induced immunosuppres_from the main incision. Abdominal closure was conducted with either
sion [23] and improve IL-2 production [24] We and others braided or monofile absorbable sutures. Subcutaneous drains were not

; o . permitted. Samples were taken from pus during drainage of abscesses
have previously shown that;RA’s improve postoperative and from blood if septicemia was suspected. The duration of the

trauma-, blood transfusion- and sepsis-induced immMuUNOgperation (time from skin incision to completion of wound dressing),
suppression [23, 25, 26] and, therefore, the purpose of th@traoperative blood loss, and perioperative blood transfusion were
present study was to evaluate the potential effect ofecorded.
perioperative ranitidine in reducing postoperative infectious
complications after emergency colorectal surgery.

Definitions of surgical infections, mortality and follow-up

Patients and methods Patients were assessed daily until discharge from the hospital.
Postoperative complications, cause of death, and the use of other
gintibiotics were recorded. Wound infection was defined as presence of
pus, either discharged spontaneously or requiring drainage. Intra-
:flbdominal abscess was verified by either surgical drainage or by
ultrasound-guided aspiration of pus. Septicemia was defined as clinical
symptoms of bacteremia with positive blood culture. Pneumonia was
defined as a temperature above@&nd a positive X-ray examination.
Patients whose treatment was not carried out in accordance with that
stated in the protocol were withdrawn from the study. Skin sutures were
removed primarily on the tenth postoperative day. Mortality was
Unless otherwise excluded all adult patients (aged 18 years or oldegefined as death within 30 days of surgery. In all cases of death a careful
suspected of having either perforation or obstruction of the colon werexamination of the course was made. All patients were examined before
considered. The diagnosis was based on the findings at operation. Thischarge from hospital and they were followed up in the outpatient
criteria for exclusion were known allergy to the antibiotics used, orclinic one month after surgery.

treatment with systemic steroids, non-steroidal anti-inflammatory

drugs, B receptor antagonists, cytostatic drugs, antiviral drugs and/or

other known immunomodulating drugs within four weeks prior to ; ;

surgery. Furthermore, patients treated with antibiotics within 24 hRecordmg and evaluation of data
before the operation, and pregnant and lactating women were als
excluded. Age, malignancy, surgical procedure, operation time, an

The study was designed as a multicenter prospective randomized tri
comparing ranitidine vs. placebo. Three university clinics and two
county hospitals participated in the study. The study was carried ou
during the period April, 1991 to June, 1993.

Patient selection

ata were recorded on standard forms and entered for computer

intraoperative loss of blood, and perioperative blood transfusion wer nalysis. Differences between groups were assessed statisti(_:ally using
considered as possible risk factors for infections. Patients WithghS%/Ch"Sqf%are teslt_ a.?d ;\/Iang_;fWhltney U-test Whlenlatpé%rgpélgge. The
peritonitis were evaluated using the Mannheim Peritonitis Index>>"° coniidence limits for dirierences were calculateds= 0.U5,

(MPI) [27]. Informed consent was obtained from all included patientsﬁ =0.20.
and the study protocol was approved by the Ethics Committee of all
participating hospitals according to the Declaration of Helsinki Il.

Results

Randomization and antibiotic administration Thirty patients were withdrawn from the study (Table 1). Of

_ _ the remaining 164 patients, 77 received ranitidine and 87
Patients were randomly allocated to the following two groups: group Iplacebo. The two groups of evaluable randomized patients
received 100 mg ranitidine i.v. at induction of anesthesia and the sam&are well matched with respect to age, sex, height, weight

dose every 12h for the next 5 days; group Il received placebo af . .. : : . .
induction of anesthesia and continued as described for group I. Patierﬁ%?monms and number of patients with colonic obstruction

with intraoperative diagnosis other than perforation of the colon or largel | able 2). However, the MPI was significantly higher in the
bowel obstruction were withdrawn from the study, as were patients whdanitidine group (median 23, range 15-42 compared with
died within the first 48 h postoperatively. Patients entered the study iplacebo, median 18, range 15-4Q < 0.05). Diagnosis,
ascending numerical order, according to a randomization table. surgical procedure, use of drains, operative time, loss of
blood intraoperatively, and perioperative blood transfusion
were equally distributed between the two groups (Table 3).
Table 4 shows the infectious complications in the two
. , . ) groups. The frequency of wound infection, intra-abdominal
Patients with perforation of the colon or rectum were given 1.5¢g . . .
metronidazole plus 3g cefuroxime at surgery followed by 1gabscesos’ septlcem_la, an(.j pneumonia was 12.9%, 5.2%, %‘8%
metronidazole plus 1.5g cefuroxime every 12h for 3 days. Patient@nd 14%, respectively, in the ranitidine group and 16.1%,
who underwent operation for large bowel obstruction without 6.8%, 6.9% and 22%, respectively, in the placebo group.
perforation were given 1.5g metronidazole plus 3g cefuroxime asThere were no statistically significant differences between
"single dose prophylaxis”. Cefuroxime was administered as a bolus, anthe individual complications in the two groups. In the
the infusion time of 1.5g metronidazole was about 60 min. No Othearglacebo group 45 infectious complications occurred in 27

Antibiotics

antibiotics were given‘ thgreaf_te_r, unless an estab_lished infectio_n Wasatients compared with 28 infectious complications in 21
documented or a patient’s clinical course was highly suggestive of” . in th itidi | . oy i
developing septic complications. patients in the ranitidine group. Twelve patients (13.8%) in
the placebo group developed more than one complication
compared with 5 patients (6.5%) in the ranitidine group
Operative procedure (Fig. 1), chi-squares 2.2y = 0.14, odds ratie=0.39 (95%
confidence limits 0.09, 1.59). Fascial rupture occurred in 4
All anastomoses were conducted in two layers, using polyfilamenpatients in each group. Two patients in each group had
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Table 1. Patients withdrawn after randomization. Table 3. Diagnosis and operation characteristics.
Ranitidine Placebo Ranitidine Placebo
No. of randomized patients 98 96 No. of patients 77 87
Other diagnosis .
other G-I tumours 2 0 Malignant tumour 57 (74%) 57 (66%)
perforated ulcer 4 1 No tumour 20 (26%) 30 (34%)
small bc_)vyel obstruction 2 2 Surgical procedure
‘appendicitis ) 0 1 right hemicolectomy 12 (16%) 17 (20%)
Died within 48 h_postoperatlvely 4 2 ileotransversostomy 1 (1%) 2 (2%)
Refused to continue o 2 1 left hemicolectomy 5 (6%) 8 (9%)
Preglms_,olonellj _blocker/other antlblotlcs 4 1 sigmoid resection 34 (44%) 33 (38%)
Medication not given as prescribed 3 1 two or more procedures 13 (17%) 19 (22%)
Total number of withdrawals 21 9 colostomies only 12 (16%) 8 (9%)
Evaluable patients 77 87 Colostomies 42 (55%) 41 (47%)
) ) Drain 35 (46%) 28 (32%)
*Randomized by a mistake.
Duration of surgery 132 (30-270) 120 (30-300)
(min, median and range)
Table 2. Pre- and perioperative data. I([r]rglragqpeﬂiaat;vgrlgsr?ar?;g)loc’d 300 (50-1800) 300 (50-2700)
Ranitidine Placebo Perioperative blood transfusion 600 (0—1500) 600 (0—1500)
, (ml, median and range)
No. of patients 77 87
Age 68 (18-82) 69 (18-79)
Sex (F/M) 43/34 52/35
Height (cm) 170 (145-189) 167 (170-190)
Weight (kg) 70 (42-110) 65 (37-116) Table 4. Postoperative infectious complications.
Concurrent diseases 28 (36%) 32 (37%)
Creatinine, micromol/L 80 (38-347) 83 (42-174) Ranitidine Placebo
Albumin, micromol/L 570 (242-756) 565 (219-706)
Hemoglobin, mmol/L 7.7 (5.4-11.5) 8.0 (5.1-11.5) No. of patients 77 87
Number of patients with Infectious complications
peritonitis 18 (23%) 22 (25%) Abdominal wound infection 10 (12.9%) 14 (16.1%)
Number of patient with colonic Intra-abdominal abscess/peritonitis 4 (5.2%) 6 (6.8%)
obstruction 56 (72%) 59 (68%) Septicemia 3 (3.8%) 6 (6.9%)

Pneumonia 11 (14%) 19 (22%)

anastomotic leaks which required re-operation. Seventeen
patients died within one month after the primary operationabdominal surgery have major problems because of the
(Table 5). Two patients died because of spread of tumour, heterogeneity of the patients. In order to overcome some of
patients because of acute myocardial infarction, 4 patientthese problems only patients undergoing acute colorectal
following pulmonary or cerebral embolism, and 2 patients ofsurgery were included, and a standardized recording was
pneumonia. Three patients died from multiorganic failureused and patients were evaluated with an index system.
and 2 patients after re-operation for anastomotic leakage. The present study supports the observation that a
There was no significant difference in mortality rate betweerconsiderable number of patients undergoing acute colorectal
the two groups. Postoperative death occurred between 3 arsdirgery still develop postoperative infectious complications
31 days after the operation, with no difference between thelespite adequate use of antibiotics [29, 30]. These findings
two groups. Preoperatively, 1 patient in the placebo groupuggest that a limit exists for the efficiency of antibiotics to
(17%) who died had verified cardiac disease compared witheduce rates of postoperative infectious complications after
4 patients (36%) in the ranitidine group. The severity of thecolorectal surgery [4]. This view is further supported by the
intra-abdominal disease evaluated by the MPI and currerfact that a combination of systemic antibiotics plus topical
cardiac disease may explain the higher preponderance @pplication of antibiotics in wounds has failed to reduce rates
death in the active group (Table 6) [28]. of wound infection any further [31-34].
Furthermore, in a recent trial which assessed high risk

patients undergoing colorectal surgery, prolonged antibiotic
Discussion prophylaxis had no impact on surgical infections, not even

when this was correlated with preoperative delayed type
Randomized controlled clinical trials are the preferredhypersensitivity (DTH) response [9]. The evidence that
scientific method for comparing clinical efficacy of treat- major surgical trauma impairs postoperative immuno-
ment strategies. Deviation from this standard (e.g. studiesompetence is substantial [23] and a reduction of post-
with historical controls, prospective studies without controls)operative infectious complications may be obtained by
have potential drawbacks. In particular, studies of acutémmunomodulating drugs [35].
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Nw cath Table 6. Mannheim peritonitis index in 40 patients with perforation of
© complications the colon or rectum.
6 Nthree {
ElFour compications MPI Placebo Ranitidine
0 5 (n=22) (n=18)
5
= 15 5 1
8’ 16 3 0
5 17 4 0
E 18 2 0
E , 19 0 0
3 20 0 1
21 0 0
1 e 22 1 2
: 23 1 3
o 24 0 2
Placebo group Ranitidine group 25 3 5
Fig. 1. Number of patients with two or more complications (wound 26 1* 1*
infection, intraabdominal abscess, septicemia, pneumonia) after 27 0 1
emergency colorectal surgery. Twelve patients in the placebo group 28 0 2%
developed more than one complication compared with 5 patients in the 29 1 1
ranitidine group. 30 0 1*
> 30 1* 1*
Table 5. Mortality. *** Postoperative death.
Ranitidine Placebo
Number of patients 77 87 The exact mechanism by which histamine is involved in

trauma-induced immunosuppression is not known. However,

Mortality . . major operations appear to induce complement activation,
Z‘,’Vrﬁ/ad of tumour 1 (1.3%) 1 (1.1%) specifically of the C3a and Cb5a subclasses, and endotoxin
cardiac failure 4 (5.2%) - . . .
pulmonary or cerebral embolism 1 (1.3%) 2 (2.2%) release, which subsequently may lead to enhanced histamine
pneumonia 1 (1.3%) 2 (2.3%) release by mast cells and basophils [39-41]. Histamine
multiorganic failure 2 (2.6%) 1(1.1%) appears to be one of the important molecules regulating
anastomotic leakage 2 (2.6%) - immune functions, as immunoactive cells express histamine
Total number 11 (142%) 6(6.9%)Ns 'eceptors on their surface [17-19]. Histamine is an
immunostimulant in physiological concentrations, acting
NS= not significant. primarily on H; receptors [17]. Increased concentrations, as

observed during the early postoperative period and in the
septic response [21,40] are followed by binding tg H

When focusing on single infection parameters, thereceptors [17,23]. This seems to lead to suppression in
present study showed a trend in reduced rates of woungeveral parts of the immune system by reducing lymphocyte
infection, intra-abdominal abscess, septicemia, and pneublastogenesis, lymphokine production, antibody formation,
monia in patients treated with ranitidine compared with thoseNK-cell activity and granulocyte chemotaxis [17, 23, 42, 43],
given placebo. Several factors may influence the interpretaand by activating CD& suppressor lymphocytes [44].
tion of the results, e.g. intraoperative blood loss, presence of Results from previous studies suggest thatRA’s may
malignancy, duration of surgery, and spread of tumourimprove posttraumatic immune reaction [23,25,26], and
Blood transfusion impairs the immune function andtherefore, it was anticipated that ranitidine would reduce
increases the susceptibility to postoperative infectiougpostoperative infectious complications in the present study.
complications [36,37]. In the present study all patientsHowever, the treatment lead to only marginal reduction in
received SAG-M blood [38] and there was no significantinfectious complications compared to placebo. Among
difference in intraoperative blood loss or perioperativepossible explanations may be a too short treatment course
amount of blood transfused between the two groups. of only five days as infectious complications in colonic

Patients with malignant tumours have a decreasedurgery often are observed from the 4.—10. postoperative
immune response and hence an increased risk of postlay. Furthermore, the beneficial effect of, IRA on the
operative infectious complications [23]. In the present studyimmune system after perioperative whole-blood transfusion
the number of patients with malignant tumours was equallycannot be expected after transfusion with SAG-M blood as
distributed between the two treatment groups, as was thesed in the present trial. The explanation may be less
number of patients with disseminated tumours. Perforatiorhistamine release from transfused SAG-M blood compared
of the colon or rectum is a further risk factor, and this waswith whole blood transfusion [37, 45].
also distributed equally between groups. However, the In conclusion, H receptor blockade may be of potential
ranitidine group had a significantly higher MPI, i.e. more benefit as adjuvant treatment in major surgery to reduce
severely ill patients, compared with the placebo group, angbostoperative immunosuppression and thereby postoperative
this may explain the higher, but non-significant difference ininfectious complications. No dose-response study in humans
mortality rate [28]. is available at present, but to date standard anti-ulcer doses
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have been found to be effective in our studies evaluating17] Beer DJ, Rocklin RE. Histamine modulation of lymphocyte
immmunological effects in elective patients [23]. However, biology: Membrane receptors, signal transduction, and functions.

the effect of ranitidine in reducing postoperative infectious ;. gg::;‘;‘s’ 'Tﬂné“”ﬂi éi%:figgébtors_ An overview. Scand J
compllcatlons may be improved if administration of the drug Gastroenterol 1991:26:46-52.

is prolonged since recent studies have shown an extendqglg] pearce FL. Biological effects of histamine: An overview. Agents
immunosuppression following emergency surgery [46].  Actions 1991:33:4—7.
Results from the present and recent studies [47—49] seelia0] Lorenz W, Rder HD, Doenicke A, Ohmann CH. Histamine
to disprove the theories raised of enhanced risk 9iRA- re_Ie_ase ir_1 a_naesthesia_ and surgery: A new method to evaluate its
induced pneumonia in critically ill patients. ,Hblockers clinical significance with several types of causal relationships.

: P Clin Anaesthesiol 1984;2:403-26.
should be evaluated as a potential treatment modality i

; higher d d | d %1] Sitter H, Lorenz W, Klotter HJ, Duda D, Buess G, Sattler J.
acute surgery using a higher dose and prolonged treatme Elevated plasma histamine concentration as a sensitive real-time

period [23]. parameter for distinct phases of the surgical trauma: A tool for
technology assessment. Agents Actions 1991;33:203-7.

[22] Falus A, Meretey K. Histamine: An early messenger in inflam-

matory and immune reactions. Immunol Today 1992;13: 154—6.
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