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Background: Catheter-related bloodstream infections (CRBSI) are an important cause of patient morbidity,

mortality, and increased health care costs. Use of an antiseptic solution for skin disinfection at the catheter

insertion site helps prevent catheter-related infections. In Thailand, povidone-iodine solution is the most

commonly used agent for this purpose. However, the results of several studies including a meta-analysis

indicated that the use of chlorhexidine gluconate is more effective than the use of povidone-iodine as an

antiseptic for preventing CRBSI. This study evaluated the cost-effectiveness of chlorhexidine gluconate versus

povidone-iodine for catheter-site care using the Siriraj Hospital perspective.

Material and Method: We used a decision analytic modeling for estimating the cost-effectiveness of antiseptic

solutions. The CRBSI rate was obtained from the Center for Nosocomial Infection Control at Siriraj Hospital,

while the efficacy of cholorhexidine compared to povidone-idone was based on a meta-analysis. The cost of

managing infections was derived from the Thai Drug Related Group (DRG). A series of sensitivity analyses

were performed. Since the time horizon of the analysis was less than 1 year, there was no need for discounting.

Results: We found that the use of chlorhexidine, rather than povidone iodine, for central catheter site care

resulted in a 1.61 % decrease in the incidence of CRBSI, a 0.32 % decrease in the incidence of death, and

savings of 304 baht per catheter used. For peripheral catheter site care, the results were similar, although the

differences were smaller.

Conclusion: Use of chlorhexidine gluconate in place of the current standard solution for vascular catheter

site care is a cost-effective method of improving patient safety in Siriraj Hospital.
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Intravascular catheters are commonly used in

caring for hospitalized patients but can lead to cath-

eter-related bloodstream infection CRBSI(1), particularly

the central-line catheter(2). Bloodstream infections re-

lated to the use of catheters are an important cause of

morbidity, mortality, and increased duration of hospi-

talization and health care cost(2-6). In Thailand, these

infections result in an increased duration of hospital-

ization of 15 days and the additional cost of antibiotics

for one episode of CRBSI was approximately 10,753

baht(7). In addition, CRBSI has been associated with

mortality of 12% - 25%(8-13). Nowadays, there are sev-

eral procedures, which help to prevent these infections,

such as performing catheter insertion at the subcla-

vian site, maximizing sterile barriers and avoiding the

use of antibiotic ointment(14-15). Moreover, disinfecting

the skin at the catheter insertion site with antiseptic
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solution helps to prevent these infections as well, and

povidone iodine is the agent most commonly used

in several countries including Thailand for this pur-

pose(16-18).

A recent meta-analysis and cost-effectiveness

study(19-20) found that the use of chlorhexidine glucon-

ate in place of the current standard solution for vascu-

lar catheter site care is a simple and cost-effective

method of improving patient safety in the hospital set-

ting. In addition, guidelines of the Infectious Diseases

Society of America, and the Centers for Disease Con-

trol and Prevention (CDC) recommend the use 2% of

chlorhexidine gluconate as an antiseptic for the pre-

vention of catheter-related infections(21-22). Because of

these recommendations, Siriraj Hospital intends to

switch from povidone iodine to chlorhexidine glucon-

ate for skin disinfection at the catheter insertion site.

However, the cost of chlorhexidine is more than povi-

done iodine and information on the cost-effectiveness

of this switch is needed prior to implementing this in-

tervention. Therefore, we evaluated the cost-effective-

ness of the use of both antiseptics for vascular cath-

eter site care for endorsing the policy on using chlor-

hexidine instead of povidone iodine for skin disinfec-

tion at the catheter insertion site of the patients in Siriraj

Hospital.

Material and Method

Decision analysis model

A decision analytic model was developed to

evaluate the outcomes associated with the use of

chlorhexidine gluconate versus povidone iodine solu-

tions for catheter site care as shown in Fig. 1(23). Either

solution could be used at the time that an intravascular

catheter was inserted and then every 48–72 hr to clean

the insertion site. Patients with a catheter could have

one of the following outcomes: 1) CRBSI, defined as

isolation of the identical pathogen from a peripherally

obtained blood culture and from a colonized catheter;

2) local catheter-related infection, defined as the pres-

ence of purulence or signs of inflammation (e.g.,

erythema, tenderness, and induration) within two cm

of the catheter exit site(24); 3) catheter colonization with-

out bloodstream infection or local catheter-related in-

fection; and 4) no colonization or infectious complica-

tions. Colonization of the catheter was defined as

growth of microorganisms from a catheter segment

using quantitative (>1000 cfu/mL)(25) or semiquanti-

Fig. 1 Decision tree comparing the use of chlorhexidine gluconate with the use of povidone iodine for vascular catheter

site care
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tative (>15 cfu)(26) culture techniques. CRBSI was as-

sociated with a risk of dying. We assumed that local or

systemic catheter-related infections did not occur with-

out preceding catheter colonization. We performed the

analysis using the hospital perspective; the time hori-

zon was the period of hospitalization.

The hypothetical cohort in the decision analy-

sis model included hospitalized patients requiring ei-

ther a peripheral or central vascular catheter for short-

term use (average duration, <10 days). Because the

risk of CRBSI differs for central and peripheral venous

catheters(24), we analyzed these cohorts separately. We

considered “central vascular catheters” to include cen-

tral venous, peripherally inserted central venous, pul-

monary arterial, and hemodialysis catheters and intro-

ducer sheaths, whereas “peripheral vascular catheters”

included peripheral venous and peripheral arterial

catheters.

Likelihood of events

The probabilities of clinical events used in

the decision analysis model are shown in Table 1. The

probabilities of CRBSI with povidone iodine (the

baseline risk) for central line were derived from Siriraj

Hospital(7) and the study of Thongpiyapoom and col-

leagues(27). The probabilities of catheter colonization

were obtained from the literature(20). The probability of

CRBSI with chlorhexidine gluconate was determined

by multiplying the probability of CRBSI when povidone

iodine was used by the summary risk ratio of CRBSI

when chlorhexidine gluconate was used, based on the

results of the recently published meta-analysis(19).

The probability of catheter colonization when

chlorhexidine gluconate was used was similarly derived

(Table 1). All probabilities of clinical events for periph-

eral line were based on the study of Chaiyakunapruk

and colleague(19). These probabilities were similarly

Table 1. Probabilities of clinical events and comparison of the costs associated with chlorhexidine gluconate and povidone

iodine solutions for vascular catheter site care

                       Base-case value (range)

Probability of clinical event or cost        Central line     Peripheral line Reference(s)

Catheter-related bloodstream infection

Probability when povidone iodine solution 3.16 (0.9–3.5) 0.92 (0.00-2.32) [7,27]

is used, %

Risk ratio for chlorhexidine gluconate solution* 0.49 (0.28-0.88) 0.49 (0.28-0.88) [19]

Catheter colonization

Probability when povidone iodine solution 18.09 (10.10–26.08) 7.91 (5.53-10.28) [19]

is used, %

Risk ratio for chlorhexidine gluconate solution* 0.49 (0.31-0.77) 0.49 (0.31-0.77) [19]

Probability of death attributable to CRBSI, % 20.0 (4.40–25.0) 1.12 (0.47-2.11) [8-13,27,29-33]

Probability of local infection if 20.0 (0.00–40.0) 20.0 (0.00-40.0) [28]

colonization occurs, %

Cost in Thailand in 2005, Baht

Cost of 10% povidone iodine 22.39 (11.86-27.99) 3.73 (1.87-4.66) [7]

Cost of 1% chlorhexidine gluconate 25.80 (13.67-30.96) 4.3 (2.15-5.16) [7]

Cost associated with CRBSI per case 27,341.09 27,341.09 [34-35]

(18,907.60-53,127.34) (18,907.60-53,127.34)

Cost of managing local infection per case 10,756.66 10,756.66 [34-35]

(8,770.56-18,694.45) (8,770.56-18,694.45)

* To introduce a correlation between the probabilities of events in each treatment arm, the probability associated with the

use of a chlorhexidine gluconate solution was calculated by multiplying the risk ratio by the probability associated with the

use of povidone iodine solution. In the base case for the chlorhexidine arm, the probabilities that a catheter-related

bloodstream infection would occur were 1.55% and 0.45% for central and peripheral lines, respectively, and the probabili-

ties of catheter colonization were 8.86% and 3.88%
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derived as central line (Table 1). We estimated that 20%

of the colonized catheters were associated with local

signs of infection(28). All probabilities were calculated

separately for central and peripheral catheter models.

The probability of death attributable to CRBSI for a

central venous catheter was calculated based on data

from studies published elsewhere, which report excess

mortality of 4%–25%. We used a 20 % attributable

mortality for the base-case scenario and explored a

range from 4% to 25% in sensitivity analyses because

several studies in 2003-2004 found that the range of

mortality rate was 22% to 25%(8-13,27,29-33) and a study in

Thailand(27) reported a mortality rate of 20%. For pa-

tients with peripheral vascular catheters, we estimated

an attributable mortality due to CRBSI of 1.12% (range,

0.47%-2.11%)(32).

Costs

We estimated the cost of antiseptic solution

based on the total amount of solution used multiplied

by the cost of the solution per ml. The total amount of

solution used for the central line was estimated as 10

ml for clean skin at insertion on the first day, and 20 ml

per day for 7.9 days while the amount of solution for

the peripheral line was estimated as 5 ml per day for 5.6

day for clean skin at insertion (Table1).

Direct medical costs for patients with CRBSI

were estimated based on data of the Thai Diagnosis

Related Group (DRG) in year 2002-2003(34). These medi-

cal costs were determined by multiplying the relative

weight (RW) by cost per relative weight of these dis-

eases. We used 16,000 Baht as cost per relative weight

for university hospital in the year 2003 for calculation(34).

We estimated the relative weight for treatment of CRBSI

as a septicemia adult, with moderate complication while

the relative weight for treatment of a local infection

was estimated as a minor skin disorder, with mild to

moderate complication of Thai DRG(35). These relative

weights were 1.6547 and 0.6510, respectively(34). For

sensitivity analysis, we varied the cost of managing

septicemia ranging from the treatment cost for septice-

mia without complication to those for patients with

catastrophic complications. Likewise, we ranged the

cost of managing local infection using the cost for mi-

nor skin disorder without complication and with cata-

strophic complication. All costs were adjusted to Thai

baht in the year 2005.

Outcome assessment and sensitivity analyses

Outcomes calculated were the incidence of

CRBSI, the incidence of death attributable to CRBSI,

and the direct medical costs. The mean expected value

for the differences in the incidence of death, the inci-

dence of CRBSI, and the direct medical costs were de-

termined. To assess uncertainty associated with the

results, we conducted a series of one-way sensitivity

analyses to evaluate the effect of varying individual

parameters on the outcomes. To further test the ro-

bustness of the results, we set all parameters in the

model to favor chlorhexidine gluconate in a best-case

scenario and to favor povidone iodine in a worst-case

scenario (Table 2).

Table 2. Results of decision analysis comparing chlorhexidine gluconate and povidone iodine solutions for vascular catheter

site care in Thailand in 2005

Cathether type Direct medical cost, Baht Incidence of CRBSI,  % Incidence of death

 due to CRBSI, %

Central line

Chlorhexidine gluconate  solution    251.07  1.55  0.31

Povidone iodine solution    555.57  3.16  0.63

Difference   -304.49 -1.61 -0.32

Best-case scenario -1740.48 -2.52 -0.63

Worst-case scenario      13.56 -0.11 -0.005

Peripheral line

Chlorhexidine gluconate   solution      92.09  0.45  0.005

Povidone iodine solution    192.23  0.92  0.01

Difference   -100.15 -0.47 -0.005

Best-case scenario   -632.35 -1.67 -0.47

Worst-case scenario        3.29  0.00  0.00
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Main assumptions in the analysis

There were several main assumptions in our

analysis: 1) the relative risk of death due to CRBSI was

the same for central and peripheral vascular catheters;

2) the relative risks for CRBSI and catheter coloniza-

tion for chlorhexidine gluconate, compared with povi-

done iodine, were the same in central and peripheral

vascular catheters; 3) the cost of CRBSI was indepen-

dent of survival outcome; 4) catheter colonization with-

out local infection had no costs or adverse outcomes;

5) catheter-site erythrema without evidence of local

infection did not affect survival outcome or cost; 6) the

costs of medical care per case for all complications

were the same in central and peripheral vascular cath-

eters.

Results

Costs and outcomes

In the base-case analysis, use of chlorhexidine

gluconate rather than povidone iodine for central line

catheter site care led to an absolute decrease in the

incidence of CRBSI of 16 cases/1000 catheters, and a

decrease in the incidence of death attributable to CRBSI

of 3 cases/ 1000 catheters (Table 2). In addition to these

clinical benefits, use of chlorhexidine gluconate resulted

in expected cost savings of 304.49 Baht for each cath-

eter used, compared with the use of povidone iodine.

Use of chlorhexidine gluconate rather than povidone

iodine for peripheral line catheter site care led to an

absolute decrease in the incidence of CRBSI of 5 cases/

1000 catheters, and a decrease in the incidence of death

attributable to CRBSI of 0.05 cases/1000 catheters. In

addition to these clinical benefits, use of chlorhexidine

gluconate resulted in expected cost savings of 13.56

Baht per catheter used, compared with the use of povi-

done iodine.

Sensitivity analyses

The use of chlorhexidine gluconate for cen-

tral catheter site care resulted in cost-savings in most

of the one-way sensitivity analyses as shown in Table

2. The cost of CRBSI was the most influential param-

eter in the model. Other influential parameters included

the reduction in risk of CRBSI for chlorhexidine glu-

conate, the probability of death due to CRBSI, and the

baseline risk of CRBSI. The use of chlorhexidine glu-

conate resulted in a dominant strategy in best-case but

not in the worst-case scenario. In the worst case sce-

nario, using chlorhexidine gluconate resulted in an in-

crease of total medical costs of 18 Baht, while the inci-

dence of CRBSI (decrease 0.11%) and death (decrease

0.005%) remained diminished. The threshold analysis

indicated that the use of chlorhexidine gluconate would

still provide cost-savings unless the cost of

chlorhexidine gluconate exceeded 196.6 baht per 100

ml.

For peripheral vascular catheters, use of

chlorhexidine gluconate for insertion site care was again

found to be the best strategy in all one-way sensitivity

analyses. The baseline risk of catheter-related blood-

stream infection was the most influential parameter in

the model. When the base-case scenario parameters

were used in calculations, the use of chlorhexidine glu-

conate would save 100.15 Baht, and it still save cost as

long as the cost of chlorhexidine gluconate was less

than 373 Bath per 100 ml. In the worst-case scenario,

use of chlor-hexidine gluconate resulted in an increase

in direct medical costs of 3.29 Baht. However, it did not

result in increases of the incidence of CRBSI and death

due to CRBSI.

Discussion

To the best of our knowledge, this is the first

study that has been performed to evaluate the cost-

effectiveness of chorhexidine gluconate compared with

povidone-iodine solution for catheter-site care in Thai-

land. Our analysis found that using of chlorhexidine

gluconate for catheter site care reduces the incidence

of CRBSI and decreases health care costs as shown by

a prior study(20). Our analysis was conducted from the

perspective of the health care provider, rather than from

that of society as a whole, as recommended by previ-

ous guidelines(39). However, from a societal perspec-

tive, including indirect costs, such as time lost from

work, the analysis would result in even greater cost

savings for the chlorhexidine gluconate strategy.

Our analysis suggests that use of chlorhexi-

dine gluconate for patients requiring short-term vas-

cular catheterization, either with central or peripheral

catheters, likely results in reductions of the incidence

of CRBSI and health care costs. These results held true

over a wide range of clinical and economic assump-

tions. This unusual combination of clinical benefits

and decreased costs makes chlorhexidine gluconate

attractive for routine use for both central and periph-

eral vascular catheter site skin care. Although, this

study was conducted from the perspective of a univer-

sity hospital, we believe that the use of chlorhexidine

gluconate instead of povidone iodine could be gener-

alized to general and other hospitals in Thailand, espe-

cially in university hospital where it may save more

than our results because the actual cost of managing
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septicemia and local infection might be higher than in

other hospitals

The results from this study led to the produc-

tion of 2% chlorhexidine gluconate in 70% alcohol by

Siriraj Hospital Pharmacy Department and the imple-

mentation of using 2% chlorhexidine gluconate in 70%

alcohol instead of 10% povidone iodine for catheter-

site care of the patients hospitalized in three intensive

care units (ICU) in Siriraj Hospital since January 2006.

The preliminary results of this implementation from

January to March in 70 patients revealed that the inci-

dence of CRBSI was 3 per 1000 catheter days, which

is less than the incidence of CRBSI observed in the

same ICUs, 5 per 1000 catheter days, in the year 2005.

Conclusions

Our cost-effectiveness analysis shows that

using chlorhexidine gluconate rather than povidone

iodine for vascular catheter site disinfection in hospi-

talized patients requiring short-term vascular access is

likely to result in decreased morbidity, mortality, and

health care costs in the Thailand hospital setting. In

addition, this simple method can be relatively easily

implemented to improve patient safety, and, thus,

should perhaps take priority in efforts to prevent vas-

cular catheter–related infection.

Acknowledgements

The authors thank the Thailand Research

Fund for supporting the study and infection control

nurses at the Center for Nosocomial Infection Control,

Siriraj Hospital for providing some data.

References

1. Raad I. Intravascular-catheter-related infections.

Lancet 1998; 351: 893-8.

2. Mermel LA. New technologies to prevent intra-

vascular catheter-related bloodstream infections.

Emerg Infect Dis 2001; 7: 197-9.

3. Smith RL, Meixler SM, Simberkoff MS. Excess mor-

tality in critically ill patients with nosocomial blood-

stream infections. Chest 1991; 100: 164-7.

4. Haley RW, Schaberg DR, Von Allmen SD,

McGowan JE Jr. Estimating the extra charges and

prolongation of hospitalization due to nosocomial

infections: a comparison of methods. J Infect Dis

1980; 141: 248-57.

5. Pittet D, Tarara D, Wenzel RP. Nosocomial blood-

stream infection in critically ill patients. Excess

length of stay, extra costs, and attributable mortal-

ity. JAMA 1994; 271: 1598-601.

6. Arnow PM, Quimosing EM, Beach M. Conse-

quences of intravascular catheter sepsis. Clin In-

fect Dis 1993; 16: 778-84.

7. Data from Pharmacy Department of Siriraj Hos-

pital, Thailand 2005.

8. Radd I, Henna H. Vascular catheter-related infec-

tions: Current knowledge and practice. J Crit Ill-

ness 2000; 15: 28-36.

9. Heiselman D. Nosocomial bloodstream infections

in the critically ill. JAMA 1994; 272: 1819-20.

10. Rosenthal VD, Guzman S, Orellano PW. Nosoco-

mial infections in medical-surgical intensive care

units in Argentina: attributable mortality and length

of stay. Am J Infect Control 2003; 31: 291-5.

11. Rello J, Ochagavia A, Sabanes E, Roque M,

Mariscal D, Reynaga E, et al. Evaluation of out-

come of intravenous catheter-related infections in

critically ill patients. Am J Respir Crit Care Med

2000; 162: 1027-30.

12. Pawar M, Mehta Y, Kapoor P, Sharma J, Gupta A,

Trehan N. Central venous catheter-related blood

stream infections: incidence, risk factors, outcome,

and associated pathogens. J Cardiothorac Vasc

Anesth 2004; 18: 304-8.

13. Collignon PJ. Intravascular catheter associated

sepsis: a common problem. The Australian Study

on Intravascular Catheter Associated Sepsis. Med

J Aust 1994; 161: 374-8.

14. Black RA. Catheter-related bacteremia: prevalence

and treatment options. J Crit Illness 2000; 15

(Suppl); S6-S11.

15. McGee DC, Gould MK. Preventing complications

of central venous catheterization. N Engl J Med

2003; 348: 1123-33.

16. Clemence MA, Walker D, Farr BM. Central venous

catheter practices: results of a survey. Am J Infect

Control 1995; 23: 5-12.

17. Sellors JE, Cyna AM, Simmons SW. Aseptic pre-

cautions for inserting an epidural catheter: a sur-

vey of obstetric anaesthetists. Anaesthesia 2002;

57: 593-6.

18. Kumwenda MJ, Wright FK, Haybittle KJ. Survey

of permanent central venous catheters for haemo-

dialysis in the UK. Nephrol Dial Transplant 1996;

11: 830-2.

19. Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint

S. Chlorhexidine compared with povidone-iodine

solution for vascular catheter-site care: a meta-

analysis. Ann Intern Med 2002; 136: 792-801.

20. Chaiyakunapruk N, Veenstra DL, Lipsky BA,

Sullivan SD, Saint S. Vascular catheter site care:



S100 J Med Assoc Thai Vol. 89 Suppl. 5  2006

the clinical and economic benefits of chlorhexidine

gluconate compared with povidone iodine. Clin

Infect Dis 2003; 37: 764-71.

21. O’Grady NP, Alexander M, Dellinger EP, Gerberding

JL, Heard SO, Maki DG, et al. Guidelines for the pre-

vention of intravascular catheter-related infections.

Infect Control Hosp Epidemiol 2002; 23: 759-69.

21. O’Grady NP, Alexander M, Dellinger EP, Gerberding

JL, Heard SO, Maki DG, et al. Guidelines for the

prevention of intravascular catheter-related infec-

tions. Am J Infect Control 2002; 30: 476-89.

22. O’Grady NP, Alexander M, Dellinger EP, Gerberding

JL, Heard SO, Maki DG, et al. Guidelines for the

prevention of intravascular catheter-related infec-

tions. The Hospital Infection Control Practices Ad-

visory Committee, Centers for Disese Control and

Prevention, U.S. Pediatrics 2002; 110: e51.

23. Veenstra DL, Saint S, Sullivan SD. Cost-effective-

ness of antiseptic-impregnated central venous cath-

eters for the prevention of catheter-related blood-

stream infection. JAMA 1999; 282: 554-60.

24. Pearson ML. Guideline for prevention of intravas-

cular device-related infections. Part I. Intravascu-

lar device-related infections: an overview. The

Hospital Infection Control Practices Advisory

Committee. Am J Infect Control 1996; 24: 262-77.

25. Brun-Buisson C, Abrouk F, Legrand P, Huet Y,

Larabi S, Rapin M. Diagnosis of central venous

catheter-related sepsis. Critical level of quantita-

tive tip cultures. Arch Intern Med 1987; 147: 873-7.

26. Maki DG, Weise CE, Sarafin HW. A semiquantita-

tive culture method for identifying intravenous-

catheter-related infection. N Engl J Med 1977; 296:

1305-9.

27. Thongpiyapoom S, Narong MN, Suwalak N,

Jamulitrat S, Intaraksa P, Boonrat J, et al. Device-

associated infections and patterns of antimicro-

bial resistance in a medical-surgical intensive care

unit in a university hospital in Thailand. J Med

Assoc Thai 2004; 87: 819-24.

28. Tacconelli E, Tumbarello M, Pittiruti M, Leone F,

Lucia MB, Cauda R, et al. Central venous catheter-

related sepsis in a cohort of 366 hospitalised pa-

tients. Eur J Clin Microbiol Infect Dis 1997; 16:

203-9.

29. Saint S, Veenstra DL, Lipsky BA. The clinical and

economic consequences of nosocomial central

venous catheter-related infection: are antimicro-

bial catheters useful? Infect Control Hosp

Epidemiol 2000; 21: 375-80.

30. Heiselman D. Nosocomial bloodstream infections

in the critically ill. JAMA 1994; 272: 1819-20.

30. Pittet D, Tarara D, Wenzel RP. Nosocomial blood-

stream infection in critically ill patients. Excess

length of stay, extra costs, and attributable mortal-

ity. JAMA 1994; 271: 1598-601.

31. Digiovine B, Chenoweth C, Watts C, Higgins M.

The attributable mortality and costs of primary

nosocomial bloodstream infections in the inten-

sive care unit. Am J Respir Crit Care Med 1999;

160: 976-81.

32. Soufir L, Timsit JF, Mahe C, Carlet J, Regnier B,

Chevret S. Attributable morbidity and mortality of

catheter-related septicemia in critically ill patients:

a matched, risk-adjusted, cohort study. Infect Con-

trol Hosp Epidemiol 1999; 20: 396-401.

33. Renaud B, Brun-Buisson C. Outcomes of primary

and catheter-related bacteremia. A cohort and case-

control study in critically ill patients. Am J Respir

Crit Care Med 2001; 163: 1584-90.

34. National Health Security Office. J Diagnosis Re-

lated Group Relative Weight 2002-2003; 1: 182-8.

35. Prunarunothai S. Cost per relative weight of diag-

nosis related group. National Health Security Of-

fice; 2003: 2.

36. Gold MR, Siegel JE, Russell LB, Weinstein MC.

Cost-effectiveness in health and medicine. New

York: Oxford University Press, 1996.



J Med Assoc Thai Vol. 89 Suppl. 5  2006 S101

µâπ∑ÿπ-ª√– ‘∑∏‘º≈¢Õß §≈Õ‡ŒÁ°´‘¥’π °≈Ÿ‚§‡π∑ ‡ª√’¬∫‡∑’¬∫°—∫ ‚æ«‘‚¥π ‰Õ‚Õ¥’π  ”À√—∫∑”≈“¬

‡™◊ÈÕ∑’Ëº‘«Àπ—ß∫√‘‡«≥∑’Ë„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥∑’Ë‚√ßæ¬“∫“≈»‘√‘√“™

√“µ√’  ·¡π‰∏ ß, ≥∏√  ™—¬≠“§ÿ≥“æƒ°…å, «‘…≥ÿ  ∏√√¡≈‘¢‘µ°ÿ≈

ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√§“ “¬ «π„πÀ≈Õ¥‡≈◊Õ¥‡ ’Ë¬ßµàÕ°“√µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ πÈ”¬“∑”≈“¬‡™◊ÈÕ∑’Ëº‘«Àπ—ß

∫√‘‡«≥∑’Ë„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥¢ÕßºŸâªÉ«¬‰∑¬∑’Ë„™â°—π∑—Ë«‰ª§◊Õ‚æ«‘‚¥π ‰Õ‚Õ¥’π ¡’À≈—°∞“π®“°°“√«‘®—¬„πµà“ßª√–‡∑»

∑’Ë· ¥ß«à“ §≈Õ‡ŒÁ°´‘¥’π °≈Ÿ‚§‡π∑ ≈¥‚Õ°“ µ‘¥‡™◊ÈÕ„π°√–· ‡≈◊Õ¥‰¥â¡“°°«à“‚æ«‘‚¥π ‰Õ‚Õ¥’π·≈–§ÿâ¡§à“°«à“

°“√»÷°…“π’È®÷ßµâÕß°“√∑√“∫µâπ∑ÿπ-ª√– ‘∑∏‘º≈¢Õß §≈Õ‡ŒÁ°´‘¥’π °≈Ÿ‚§‡π∑ ‡ª√’¬∫‡∑’¬∫°—∫ ‚æ«‘‚¥π ‰Õ‚Õ¥’π  ”À√—∫

∑”≈“¬‡™◊ÈÕ∑’Ëº‘«Àπ—ß∫√‘‡«≥∑’Ë„ à “¬ «πÀ≈Õ¥‡≈◊Õ¥∑’Ë‚√ßæ¬“∫“≈»‘√‘√“™‚¥¬Õ“»—¬¢âÕ¡Ÿ≈®“°‚√ßæ¬“∫“≈»‘√‘√“™

·≈–¢âÕ¡Ÿ≈Õ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß®“°∞“π¢âÕ¡Ÿ≈µà“ß Ê „πª√–‡∑»‰∑¬·≈–µà“ßª√–‡∑»„π°√≥’∑’Ë‰¡à¡’¢âÕ¡Ÿ≈„πª√–‡∑»‰∑¬´÷Ëßæ∫

«à“§≈Õ‡ŒÁ°´‘¥’π °≈Ÿ‚§‡π∑ ¡’µâπ∑ÿπ-ª√– ‘∑∏‘º≈¥’°«à“‚æ«‘‚¥π ‰Õ‚Õ¥’π∑—Èß°“√§“ “¬ «πÀ≈Õ¥‡≈◊Õ¥ à«π°≈“ß·≈– “¬

 «πÀ≈Õ¥‡≈◊Õ¥ à«πª≈“¬ ¥—ßπ—Èπ®÷ß§«√„™â§≈Õ‡ŒÁ°´‘¥’π °≈Ÿ‚§‡π∑ ”À√—∫∑”≈“¬‡™◊ÈÕ∑’Ëº‘«Àπ—ß∫√‘‡«≥∑’Ë„ à “¬ «π

À≈Õ¥‡≈◊Õ¥·∑π‚æ«‘‚¥π ‰Õ‚Õ¥’π



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


