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A B S T R A C T

Despite the advances in surgical techniques and anaesthesia, there are still a significant 

number of postoperative complications in surgery, the most common being, surgical wound 

infections, sepsis, respiratory and cardiovascular complications, and thromboembolic 

events. All of these complications increase hospital stay, health costs and mortality. Different 

pharmacological perioperative strategies have been employed to reduce their incidence, 

but these have varied widely between hospitals, and even among professionals in the same 

hospital. In this article we review the recommendations of clinical practice guidelines 

on the medication routinely used in this situation, such as antibiotics, antithrombotics, 

analgesics and antiemetics.

© 2009 AEC. Published by Elsevier España, S.L. All rights reserved.
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Recomendaciones sobre el tratamiento farmacológico perioperatorio

R E S U M E N

A pesar de los avances en las técnicas quirúrgicas y en la anestesia, todavía se produce 

un número significativo de complicaciones en el postoperatorio de la cirugía mayor. Las 

más frecuentes son las infecciones de la herida quirúrgica, la sepsis, las complicaciones 

cardiovasculares y respiratorias y los fenómenos tromboembólicos. La aparición de estas 

complicaciones aumenta la estancia hospitalaria, los costes sanitarios y la mortalidad. Para 

reducir su incidencia, se han introducido diferentes estrategias farmacológicas periopera-

torias que, sin embargo, han estado sometidas a una gran variabilidad de unos hospitales 

a otros e incluso entre los profesionales de un mismo centro. En el presente artículo se re-

visan las recomendaciones de las guías de práctica clínica más establecidas sobre la medi-

cación habitualmente empleada en esta situación, como los antibióticos, antitrombóticos, 

analgésicos y antieméticos.

© 2009 AEC. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Introduction

Despite the advances in surgical techniques and anaesthesia, a 

significant number of complications still arise in postoperative 

stages after major surgery.1,2 The most frequent are infections 

of surgical wound, sepsis, respiratory and cardiovascular 

complications, and thromboembolic phenomena. These 

complications extend hospital stay and increase health 

costs and mortality.3,4 Different therapeutic strategies have 

been introduced in order to reduce their incidence, among 

which perioperative pharmacological therapy should be 

highlighted. 

However, the use of drugs in this situation has been subject 

to large variability from some hospitals to others, and even 

between health professionals at the same health center.5 This 

has resulted in significant differences in prevention outcomes 

of postoperative complications at different hospitals. Some 

studies have demonstrated that, with certain frequency, 

administration and dosage guidelines at perioperative stage 

are not in agreement with recommendations from clinical 

practice guidelines.6 On the other hand, indiscriminate use 

of medication at perioperative stage leads to unnecessary 

economic expenditure and, in some cases, it can cause 

adverse pharmacologic reactions in the patients undergoing 

treatment.

Because of this, the introduction of control programs in 

hospitals is necessary for the appropriate use of perioperative 

medication. The first step to start these programs is based 

on thorough knowledge of the clinical practice guidelines for 

perioperative pharmacological therapy. This article reviews 

recommendations on medication most frequently used in this 

situation, such as antibiotics, antithrombotics, analgesics, 

and antiemetics.

Antibiotic prophylaxis

Surgical site infection (SSI) is the second most frequent 

cause of nosocomial infection,7,8 with a resulting increase 

in morbidity and mortality and derived health costs.7,9 Its 

incidence varies from 2% to 20% of the interventions and 

depends on the type of surgery.10

Most SSIs are caused by microorganisms from the skin 

flora, digestive mucosa, and genitourinary system, but they 

may also come from health staff or the environment. There 

are multiple causes, being worthy to mention bacterial 

inoculum and their virulence, clinical situation of patient and 

incorrect use of preventive measures. A significant number 

of these infections could be prevented by compliance with 

antibiotic prophylaxis (AP) guidelines. It is essential to set AP 

protocols for surgery in hospitals, as well as to implement 

responsive multidisciplinary systems for epidemiologic 

surveillance, with periodic evaluations and that are in fluent 

communication with all those involved in the process to 

develop improvement procedures.

Various AP guidelines have been published regarding 

surgical wound treatment; whose recommendations are 

included below.11-15

Indications: AP is indicated to eliminate residual 

inoculum from the most common pathogen agents from 

each intervention that may have remained after exhaustive 

perioperative aseptic measures. Generally speaking, it is 

indicated for clean surgery with prosthetic material, clean-

contaminated surgery, and contaminated surgery (although 

in this case it would not be true prophylaxis, but antibiotic 

treatment). It is important to bear in mind the infection risks 

and factors inherent in each particular patient. In the future, 

introduction of mildly invasive techniques may force to 

revise AP indications.

Choice of antibiotic: SSI, except when implanting prosthetic 

material, is generally caused by a small number of common 

pathogen agents, that are the target of the antibiotics used 

in prophylaxis. Consequently, the medication used should 

be updated continually depending on bacterial sensitivity 

patterns.

The antibiotic of choice should be the right one against 

those bacteria that are most likely to contaminate the surgical 

wound, and it should depend on the area where the incision 

will be practiced. Moreover, it should be safe for the patient, 

with the less impact as possible over normal bacterial flora 

and at an economically accessible cost. On the other hand, 

the use of broad spectrum antibiotics should be avoided, in 

order to prevent bacterial resistance (indiscriminate use of 

3rd and 4th generation cephalosporin may cause diarrhoea by 

Clostridium difficile, increase of enterobacteria with extended 

spectrum betalactamase and appearance of Methicillin-

resistant Staphylococcus aureus [MRSA]). With all these factors 

in mind, antibiotics of choice are the older ones and with a 

narrower anti-bacterial spectrum; the Beta-lactam antibiotics 

are first line agents for most surgical procedures. The most 

usually recommended antibiotics depending on type of 

surgery are shown in Table 1.

Patients that are Staphylococcus aureus or MRSA carriers 

have an especially high risk of infection, mostly in high risk 

procedures, and it is recommended that they are subjected 

to prior prophylaxis with an adequate antibiotic for local 

sensitivity.

Optimal dose: dose to be administered should max out in 

order to reach values above minimal inhibitory concentration 

during a time longer than the necessary for the intervention 

to take place. Doses and administration guidelines for 

antibiotics most commonly used in prophylaxis are shown 

in Table 2.

Starting on AP: the antibiotic should be administered 

at a favourable moment to reach an effective serum and 

tissue concentration to eliminate microorganisms introduced 

during intervention, that is, it should be around the onset 

of surgical incision. It is currently recommended to start 

administration 30 minutes before intervention and no more 

than 3 hours after starting intervention. In the case of 

vancomycin, administration should be started 120 minutes 

before incision to prevent reactions associated with this drug 

administration.

AP duration: it has been proven that for most surgical 

interventions one single antibiotic dose is enough as long 

as its half-life is adequate to be active during the length of 

time covered by the intervention. Additional doses should 
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be administered if surgical intervention extends beyond 

2 antibiotic half-lives from initial dose, or if blood loss is 

more than 1500 mL after fluid administration. Prolonging 

prophylaxis beyond 24 hours has not been shown to be useful 

in most surgical procedures.

Administration route: the antibiotic is usually administered 

by IV route. Oral administration is habitually used, associated 

or not with IV route, for AP in colon surgery. Topical antibiotics 

have shown to be effective to prevent SSI in contaminated 

surgery, in prosthetic articulatory replacements, and in 

cataracts surgery or for penetrating ocular lesions.

Thromboembolic prophylaxis

Various reasons justify prophylaxis for vein thrombosis at 

perioperative stage. On the one hand, most patients undergoing 

major surgery have one or more classical risk factors for 

venous thromboembolism (VTE), such as immobility, varicose 

veins, obesity, neoplasia, smoking, advanced age, or treatment 

with oestrogens.16 Besides, additional factors may add up 

during surgery, such as general anaesthesia (of higher risk 

than spinal or epidural), dehydration, and blood transfusions. 

Similarly, certain types of surgery, such as major orthopaedic 

interventions, are associated with increased risk of venous 

thromboembolism. On the other hand, thromboembolic 

complications are frequently asymptomatic and it is difficult 

to predict which patient will present with them. Without 

thromboprophylaxis, incidence of deep vein thrombosis is 

15% to 40% in patients undergoing surgery and it rises to 60% 

for those undergoing major orthopaedic surgery.17,18

Thromboembolic complications at postoperative stage 

suppose morbidity and considerable resource consumption, 

the possibility of chronic consequences with ensuing clinic 

and economic consequences, and risk of death due to severe 

pulmonary embolism. A patient suffering VTE, apart form 

extending his/her stay at hospital, requires anticoagulant 

therapy, with the added risk of haemorrhage. In addition, a 

significant number of patients that presented with deep vein 

thrombosis have recurrent thrombosis in the future, while 

others present with stenosis or obstruction to the affected 

veins, or vein valve insufficiency, late complications that are 

not frequently taken into account.19

Various studies have shown that thromboprophylaxis 

reduces incidence of vein thrombosis and pulmonary 

embolism, as well as mortality derived from these 

complications,20,21 therefore improving prognosis for patients 

and reducing health costs significantly.22 Although the use of 

antithrombotic drugs favours haemorrhaging, many studies 

have shown that, with appropriate thromboprophylaxis 

guidelines, risk-benefit and cost-effectiveness ratio are clearly 

favourable.23,24

Thromboprophylaxis guidelines for each patient should 

be based on predisposing factors, disease presented, and 

intervention to be performed. Individualization is, however, 

difficult, and thromboprophylaxis is usually decided for 

groups of patients, according to surgical specialty, type of 

surgery (minor or major), patient age (<40 years, 40 to 60 years, 

and >60 years), and presence of thromboembolism risk 

factors.25,26

It has repeatedly been proven that early mobilization 

and thromboprophylaxis may reduce perioperative 

thromboembolic complications in more than 70%; clinical 

practice guidelines recommend both for all major surgery 

procedures.27 Non-fractionated heparin in low doses as well as 

low-molecular weight heparin (LMWH) have similar efficacy, 

but LMWH has the advantage of allowing administration 

once a day and present with less risk of thrombocytopaenia.

Guidelines recommend prophylaxis by mechanical means 

(intermittent pneumatic compression, graduated compression 

 

Antibiotic Standard dose Administration Duration of infusion,  Interval between 
  route min doses, h

Amoxicillin plus clavulanic acid 1–2 g IV Bolus: 3–5 6
   Infusion: 15–60 
Aztreonam 1–2 g IV Bolus: 3–5 3–5
   Infusion: 20–60 
Cefazolin 1–2 g IV Bolus: 3–5 2–5
   Infusion: 15–60 
Cefuroxime 1.5 g IV Bolus: 3–5 3–4
   Infusion: 15–60 
Cefamandole 1 g IV Bolus: 3–5 3–4
   Infusion: 15–60 
Cefoxitin 1–2 g IV Bolus: 3–5 2–3
   Infusion: 15–60 
Clindamycin 600–900 mg IV 10–60 3–6
Erythromycin 1 g 19, 18, and 9 h before Oral – –
Gentamicin 1.5 mg/kg IV 30–60 3–6
Neomycin 1 g 19, 18, and 9 h before Oral – –
Metronidazole 0.5–1.0 g IV 30–60 6–8
Vancomycin 1 g IV 60 6–12

Table 2 – Most usual antibiotics for perioperative prophylaxis with administration guidelines
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stockings, or foot venous pump) for patients with high 

risk of haemorrhaging. It is also advisable to associate 

mechanical measures to pharmacological prophylaxis in 

patients with high risk of venous thromboembolism. The 

use of aspirin alone is not recommended as prophylaxis 

for vein thrombosis. The guidelines recommend to follow 

manufacturer dosing indications for each drug and reduce 

dosing in case of significant renal insufficiency, in the elderly 

and in patients with high risk of haemorrhage.

In major orthopaedic surgery LMWH may be started 

before or after intervention, but it is recommended to start 

on fondaparinux 6 to 8 hours after surgery or the day after 

it. It is also recommended not to use VTE sieving methods 

systematically in asymptomatic patients. Due to its particular 

risk, it is recommended to perform thromboprophylaxis with 

LMWH, vitamin K antagonists (international normalized ratio 

[INR], 2.0-3.0) or fondaparinux (first choice for hip fracture) 

for at least 10 days and up to 35 days after intervention. 

Guidelines for thromboprophylaxis recommended for each 

type of surgery are shown in Table 3.

Pain management

It is considered perioperative pain that which was present in 

a surgical patient caused by a previous disease, the surgical 

procedure, or by a combination of both. Up to 75% of the 

patients undergoing surgery experience significant pain,28 

which represents an important social, clinical and economic 

impact.29,30

Deficient perioperative control is related to cardiovascular, 

thromboembolic, pulmonary, gastrointestinal, infectious, and 

neuroendocrine complications. All these complications affect 

quality of life for the patient, interfere with rehabilitation, 

extend hospital stay, cause re-admissions and may predispose 

to chronic pain. Because of all this, it is necessary to extend 

the correct usage of effective analgesic measures for all 

surgical patients. 

Effectiveness in relieving postoperative pain is related 

to each patient’s needs, as it depends on his/her own 

assessment, and such needs vary during surgical process. Up 

to 30% of the patients undergoing major surgery experience 

moderate to intense pain when receiving standard analgesia. 

The use of more potent drugs may, however, be associated 

to adverse effects that counterbalance their benefit. For this 

reason, postoperative analgesic treatment requires measures 

towards achieving equilibrium between satisfactory pain 

relief and minimal adverse effects.

All the guidelines for clinical practice cover a series of 

strategic points for postoperative pain management.30-32 The 

basic measure consists in an ongoing training program that 

guarantees health staff competence in postoperative pain 

management. An update in knowledge of pain physiology, 

pharmacology of analgesics, basic pain assessment, and 

anaesthetic and non-pharmacological techniques is called 

for. 

Since these guidelines appeared, it has been proposed to 

set up multidisciplinary acute pain units formed by surgeons, 

anaesthetists, physical therapists, nurses and pharmacists. 

The North American model, mainly private, has more 

availability of medical and nursing staff. Contrastively, the 

European model is based mainly on nursing staff and the unit 

functions as an integrating element in pain management.

The approach, however, starts with providing the patient 

with adequate information orally as well as in written 

form. Following that, a preoperative evaluation should be 

performed, including a physical pain-targeted exploration by 

using a visual analogical scale, or otherwise a simple verbal 

scale. After that, the following should be considered: type of 

intervention, expected pain intensity, risk-benefit ratio of 

different analgesic modalities and patient preferences.

Patient preoperative preparation should include adjusting 

habitual medication to prevent sudden drug removal that 

might cause withdrawal symptom, with special emphasis on 

analgesic treatment. 

Pain management should be programmed preoperatively, 

for example, by selecting candidates for continuous 

percutaneous analgesia (CPA), and it should be initiated 

during the intervention.

As long as it is possible, a multimodal approach should be 

used by employing different analgesic patterns, occasionally 

administered in distinct anatomical areas and with varied 

action mechanisms. This allows using lower pharmacological 

doses and thus reduces adverse effects. Treatment is to 

be chosen depending on postoperative stage and patient 

response; also, follow-up is to be carried out, and effectiveness 

and adverse effects should be recorded in the case history. All 

these aspects should be periodically evaluated in order to 

reach and maintain quality standards.

In the European minimum standards for management of 

postoperative pain33 it is recommended to use an analgesic 

scale similar to that of the World Health Organization 

for chronic pain. For minor surgery the following are 

recommended: paracetamol, non-steroid anti-inflammatory 

(NSAI) or weak opiate, infiltrating wound with local 

anaesthetics or peripheral nerve blocking; for a “moderate” 

surgery paracetamol or NSAI are indicated, together with 

wound infiltration with local anaesthetics or peripheral 

nerve blocking plus CPA. For major surgery, the indication 

is paracetamol/NSAI plus epidural anaesthesia, plus opiate 

or combination or CPA. Table 4 shows the analgesics most 

commonly used in management of perioperative pain.

Treatment of postoperative nausea and vomit 

Postoperative nausea and vomit (PONV) affects 20% to 30% 

of general surgery patients, but it can reach up to 80% of 

those with high risk.34,35 PONV extends patient waking hours, 

increases medical and nursing care as well as potential hospital 

admission with the economic expenses this involves.

Risk factors associated with PONV: various models have 

been developed to assess individual PONV risk and identify 

those patients that could benefit from prophylaxis.36,37 The 

only risk factors that have been proven enough regarding the 

patients are: female sex, not smoking and kinetosis; regarding 

those related to anaesthesia: use of volatile anesthetics, nitric 

oxide, and use of opiates. There is great controversy with 
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regard to the relation between the type of surgery and PONV 

risk, and many classical factors such as obesity, anxiety, 

neuromuscular blocking antagonists do not appear to really 

be independent factors.

None of the models developed 

have shown to be 

useful to assess individual risk, which stratifies in patient 

groups. The guidelines38 recommend the use of prophylaxis 

only when PONV individual risk is high. Prophylaxis is also 

recommended, regardless of individual risk, when vomits 

pose a specific medical problem for the surgery in question, 

such as jaw, stomach or oesophagus interventions, and those 

associated with increasing intracranial pressure, or when the 

patient has put particular emphasis on these symptoms.

Reduction of baseline risk factors for PONV: the use of local 

anaesthesia or general anaesthesia with propofol, avoiding 

volatile anaesthetics and nitric oxide, and the use of lower 

doses of opiates reduce risk significantly. The guidelines, 

however, do not recommend using oxygen supplements 

systematically, as these have not been proven well enough to 

reduce global risk of PONV.

Administration of antiemetic prophylaxis in adults with 

moderate PONV risk: Antiemetic prophylaxis is currently 

recommended only in moderate to high risk patients, but 

introduction of generic drugs may modify this measure. 

First and 2nd line antiemetics are serotonin receptor 3 

(anti-R5-HT3) (ondansetron, dolasetron, granisetron and 

tropisetron), corticoids (dexamethasone), phenotiacines 

(promethazine and prochlorperazine), feniletilamin 

(ephedrine), butyrophenones (haloperidol and droperidol), 

antihistamines (dimenhydrinate), and anticholinergics 

(transdermal scopolamine). Table 5 shows recommended 

dosing and administration guidelines.

Adults with moderate emesis risk should receive more 

than one drug with a different action mechanism. Anti-

R5-HT3, with higher antiemetic and antinausea effect, are a 

frequent cause of headache and, for this reason, droperidol 

can be associated because it is more effective against nausea 

and prevents headache; combination with dexamethasone is 

also effective. 

The guidelines recommend using anti-R5HT3, comparable 

in effectiveness and safety, as well as dexamethasone in one 

single dose. In doses for PONV prophylaxis doses droperidol 

does not have significant cardiovascular adverse effects and, 

besides, it is effective to prevent PONV induced by opiates 

in CPA. Transdermal scopolamine is useful as adjuvant 

antiemetic treatment, but the patch should be placed the 

night before surgery or 4 hours before end of anaesthesia, 

which makes its use difficult; it is also useful for CPA.

Droperidol and dimenidrinate are not so thoroughly 

studied. The guidelines do not recommend as first 

choice metoclopramide, cannabinoides, promethazine, 

prochlorperazine or ephedrine.

Administration of antiemetic prophylaxis in adults with high 

PONV risk: if general anaesthesia is used, at attempt should 

be made at reducing baseline risk factors. It is recommended 

to associate drugs of different classes such as droperidol with 

dexamethasone, anti-R5-HT3 with dexamethasone; anti-

R5-HT3 with droperidol, or anti-R5-HT3 with dexamethasone 

with droperidol.

A multimodal approach is also possible, since it has been 

scientifically demonstrated that pharmacological prophylaxis 

combines well with non-pharmacological prophylaxis.39 This 

approach would include preoperative anxiolysis, intense 

hydration, oxygen, antiemetic prophylaxis with droperidol 

and dexamethasone in the induction and ondansetron at the 

end of the intervention, general anaesthesia with proforol and 

remifentanil, and ketorolac. Nitric oxide and neuromuscular 

blocking agents should be avoided.

Treatment of patients with emesis that have not received 

preoperative prophylaxis or for whom preoperative prophylaxis has 

not been effective: if prophylaxis has failed, a drug from other 

group should be chosen. If it has not been tried, anti-R5HT3 

in low doses are recommended, since these are the only 

drugs adequately studied for this indication. As an alternate 

treatment, dexamethasone, droperidol or promethazine may 

be used. Propofol has proven to be effective at resuscitation 

units, but its effect in low doses is probably brief.

For patients on opiates droperidol 2.5 mg/morphine 100 mg 

is recommended at PCA. Ondansetron 8 mg has also proven 

to be effective.
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