
Introduction

Urinary tract infection (UTI) is a common clinical

problem both in primary and secondary care settings.1 In

Pakistan, it is reported to be 17%2 by some studies and 30%

according to one study that was conducted on women only.3

Almost half of all women will experience at least once UTI

during their lifetime. Establishing a cost-effective strategy for

the diagnosis of UTI is, therefore, important. Laboratory tests

should be requested only if they are likely to alter further

management.

A practical, cost-effective approach to diagnose UTI

is limited by the lack of a gold standard. At the heart of this

problem lies a debate over what actually constitutes a UTI.

Traditionally, 105 cfu/ml in cultured urine was the threshold.

More recently, low colony counts 102 to 104 may simply

represent early UTI.4 Moreover, symptoms associated with

low and high counts of colonies respond equally to antibiotic

treatment.

Commonly urinalysis by dipstick and microscopy are

used to diagnose UTI. Urine culture is more expensive, time-

consuming and is generally not recommended unless

compelling situations like recurrent UTI or complicating

factors (Diabetes mellitus, immunosuppression, urologic

structural/functional abnormality, nephrolithiasis, recent

hospitalisation, catheterisation, and symptoms for more than

7 days) are present.5

For the last two decades, there has been an increasing

trend in the number of investigations ordered for diagnostic

purposes, which has increased the cost burden of management

for the patients.6 By practising evidence-based medicine,7 we

can alter the trend. Common diagnostic tests should be utilised

only if indicated by pre-test probabilities, likelihood ratios and

benefit-and-harm balance of diagnostic tests.

The diagnostic evaluation of UTI begins with an

estimation of the pre-test probability based on the symptoms.

It facilitates the diagnostic process, as it eliminates the need

for further testing if the pre-test probability is very high for a

target disorder.8 Available data indicates that dysuria,
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haematuria, nocturia, frequency and urgency increase the

probability of UTI. Similarly, the presence of vaginal

discharge decreases the likelihood of UTI.9

Moreover, the usefulness of pre-test probability as a

derivative of prevalence in decision making has also been

proven.10 This implies that if there is a high pre-test

probability for a particular disorder, the physician should start

treatment without further tests. In addition, it is important to

consider the benefits and harms; the costs and

inconvenience.11 This is especially important while

considering urine culture and sensitivity for diagnostic

purposes.

There are many studies confirming the utility of

clinical prediction rules (pre-test probability and likelihood

ratios) helping the diagnostic process from other parts of the

world.12,13 Unfortunately no data is available from Pakistan

whether our physicians are following these principles in

making a diagnosis of UTI.

This study tried to assess whether urine cultures were

appropriately utilised and whether the clinician made the best

use of the diagnostic tools in clinical practice as part of a cost-

effective strategy to reduce the number of unnecessary

investigations.

Patients and Methods

The descriptive study was conducted at the Shifa

International Hospital, Islamabad, which is a 550-bed,

tertiary-level, community-based hospital. The study

duration was seven months, from April to October, 2010,

and it comprised 200 participants, including doctors of

different clinical cadres and final year medical students of

the Shifa College of Medicine, willing to participate. The

curriculum of the students included introduction to the basic

principles of epidemiology, design of clinical trials,

introduction to Bayes' theorem14 and the use of probabilistic

approach in clinical diagnosis. Consecutive sampling was

used and those who did not give consent for participation in

the trial were excluded. Approval from the institutional

review board was also obtained before data collection.

The participants were asked to fill a questionnaire.

Three scenarios for UTI were provided (Table-1). For each

scenario, five questions were asked: 1. The pre-test

probability for UTI in this case is: a) Low (20%), b)

Intermediate (50%), or c) High (80%); 2. The post-test

probability for detecting UTI in this case after urine culture

and sensitivity is likely to be (mention your own figure e.g.

95%) ---- %; 3. Would you suggest urine culture and

sensitivity to this patient? (Yes/No); 4. Is there any potential

harm associated with this test? (Yes/No); 5. This test is cost-

effective? (Yes/No).

The disease probability estimates of the respondents

were estimated by two parameters, and evaluated the

association of these probability estimates with the test

ordering behaviour: 1) Respondents estimates were defined

as the pre-test probability and post-test probability

estimates; 2) Reference estimates of the pre-test probability

were defined by a panel of experts for each scenario.

Reference estimates of the post-test probability were

calculated by substituting the reference estimates of pre-test

probability into the Bayes formula. In literature, the

adjusted sensitivity and specificity is 50% and 85%

respectively, considering 105 colonies/ml as a positive

culture.5 The positive likelihood ratio (LR+) of urine culture

was, therefore, calculated as 3.33% using the formula

(sensitivity/1-specificity). We used this likelihood ratio for

estimating post-test probability using the Bayes'

nomogram.14

Statistical analysis was performed using statistical

package SPSS version 15 where the respondents' estimates

of pre-test probability and its mean difference from the

corresponding reference estimates were expressed in

percentages. Measures of the post-test probability estimates

were expressed as mean ± SD (Standard Deviation).

Difference in estimates between groups of doctors was

analyzed using Chi-square test. Graph pad software15 was

used to evaluate statistical significance of difference in post

test probability estimates using independent sample t test in

which the post test probabilities of the respondents were

compared to the actual/reference post test probability

calculated in each scenario using Fagan's nomogram for

Bayes,s theorem. Whether these probability estimates

affected the number of urine C/S ordered was also

evaluated.

Results

Of the 200 who comprised the initial study

population, 145 (72.5%) responded whose baseline

characteristics were noted (Table-2).
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Table-1: Clinical Scenarios.

1. A 25-year-old young, anxious looking girl presents with increased

frequency of micturition. There is no history of burning micturition,

fever or lower abdominal pain. (Reference estimate of pre-test

probability is 20%) 

2. A 45-year-old man presents with burning and increased frequency of

micturition for the last 12 days. He is given antibiotics by his general

practitioner which settled his fever and burning sensation, but still has

increased frequency of micturition. (Reference estimate of pre-test

probability is 50%) 

3. A 34-year-old lady presents with burning and increased frequency of

micturition for 4 days. She also has low-grade fever and body aches

and pains. Systemic examination is normal except for body

temperature of 100°F. (Reference estimate of pre-test probability is

80%).



In scenario one of low pre-test probability, a

significant number (n=55; 37.9%) of the respondents

overestimated the pre-test probability from the reference

estimates. The correct answer (20%) was marked by only 90

(62.1%); 38 (26.2%) reported it as 50%; 17 (11.7%)

reported it as 80%, over-estimating it four times of the

reference value. There was no statistically significant

difference (p = 0.16) among the three groups: (Group 1 -

students and house officers; Group 2 - medical officers and

residents and Group 3 - consultants. The post-test

probability estimates, the mean difference from the

reference post-test probability and its significance were also

worked out (Table-3). Urine culture and sensitivity was

suggested to the patient in the scenario by 32 (22.06 %).

In scenario no. 2 of intermediate pre-test probability,

the correct answer (50%) was provided by 72 (49.7%); 28

(19.3%) under-reported it as 20% 45 (31%) reported it to be

80%, over-estimating it by > 50% of the reference

estimates.. There was no statistically significant difference

(p = 0.46) among the three groups. Post-test probability

estimates etc. were also assessed. A total of 83(57.24%)

participants suggested urine culture and sensitivity to the

patient in the scenario. 

In scenario 3 of high pre-test probability, 96

(66.2%) correctly answered as 80%. The pre-test

probability was reported as 20% by 6 (4.1%), while

43(29.7%) reported it as 50%. There was no significant

difference (p = 0.10) among the three groups. Post-test

probability estimates calculated. A total of 122 (84.13%)

participants suggested urine culture and sensitivity to the

patient in the scenario. As such, more tests were considered

in the case compared to scenarios 1 and 2.

In all the three scenarios, 142 (97.93%) thought that

there was no potential harm associated with this test, while

3(0.02%) were of the opposite opinion. In scenario 1, 2 and

3, 42 (28.96%), 64 (44.13%) and 110 (75.86%) respectively

were of the opinion that it was a cost-effective procedure.

Discussion

The most remarkable finding in our study was that

over half of the respondents in low, and a quarter in

intermediate pre-test probability settings failed to rule out

UTI, mainly because of poor clinical prediction of disease

probability. In high disease probability settings, most of the

respondents estimated the pre-test probability that was close

to the reference estimates. In all the three scenarios, most of

the participants, except for the students, under-estimated the

post-test probabilities that were different from the reference

estimates. This shows that they cannot rule in the disease in

intermediate and high probability settings. Whether this

over-estimation of post-test probability is because of their

over-reliance on knowledge or their inaptitude in applying

the Bayes' theorem to clinical situations, needs further

evaluation. 

In all the three scenarios, variation in the

respondents' estimated probabilities reflected the variation
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Table-2: Baseline characteristics.

Number of subjects 145 (100%)

Mean age ± SD 31.86±10.45

Females 71 (48.96 %)

Level/Groups of subjects

1. Final year students 49 (33.8%)

and house officers

2. Medical officers 70 (48.3%)

and Residents

3. Consultants 26 (17.9%)

Experience (years)

< 1 31 (21.4%)

1 - 5 54 (37.2%)

6 - 10 14 (9.7%)

> 10 46 (31.7%)

SD: Standard deviation.

Table-3: Post-test probability of the respondents, mean difference from the reference estimates and its significance.

Level (n=145) Intuitive Post-test probability (mean±SD) Reference Post- test probability (%) Mean difference P Value

Scenario 1: Low pre-test probability for urinary tract infection.

Students & HO* ( n=49) 58.42±29.80 45 +13.42 0.0022

Residents & MO+( n=70) 35.81±24.91 45 -19.9 0.0024

Consultants ( n=26) 32.69±25.02 45 -12.31 0.0154

Scenario 2: Intermediate pre-test probability for urinary tract infection.

Students & HO (n=49) 70.06±24.16 75 -19.74 0.0001

Residents & MO( n=70) 58.05±23.72 75 -18.05 0.0001

Consultants ( n=26) 50.00±27.01 75 - 25.62 0.0001

Scenario 3: High pre-test probability for urinary tract infection.

Students & HO ( n=49) 75.26±15.48 95 - 19.74 0.0001

Residents & MO ( n=70) 76.95±12.07 95 - 18.05 0.0001

Consultants ( n=26) 69.38±17.24 95 - 25.62 0.0001

*HO - House Officers

+MO - Medical Officers.



in the diagnostic thinking process in the same clinical

setting and was probably responsible for the diversity in the

test-ordering behaviour in clinical practice. This finding is

further confirmed by the wide standard deviation in the

estimated post-test probabilities in all the scenarios. The

current study was performed using the more common

perception among general medical practitioners of 105

colonies/ml as a positive urine culture for UTI diagnosis

which showed great variability between the respondents'

and the reference estimates of probabilities. If the more

stringent IDSA (Infectious Disease Society of North

America) criteria15 of 103 colonies/ml was used, the

likelihood ratio would have been much higher i.e. 8.0 and

hence the magnitude of the effect or gap in the pre- and

post-test estimates would have been much larger.

There was a positive association between the post-

test probability and the decision to order the test, which

means that the higher the post-test probability, the more

likely the subject was to consider ordering the test. This

increasing trend in the number of tests ordered is obvious in

the results as one moves from scenario 1 of low pre-test

probability to scenario 3 of high pre-test probability. This is

an important concern in a resource-limited country like

Pakistan where it can increase the economic burden in terms

of health care costs. 

One study16 assessed the effects of test results on the

estimation of disease likelihood using hypothetical

scenarios of breast lump. The participants consistently over-

estimated the post-test probabilities associated with a

positive test result. Somewhat similar results were found in

a study done on students17 who used hypothetical patients

with coronary artery disease. Our study was different in

terms of the subjects. In addition to the students,

participants of different cadres with clinical experience,

were also included. Also, both over- and under-estimation

of test results were noticed in our study.

Interestingly, there was no significant difference

between the different levels of participants. Students and

house officers who have very little experience performed

almost similar to those with different levels of experience. It

was inferred that students were familiar with the clinical

decision tools and Bayesian probabilistic reasoning since

the first year of their medical school and, hence, more adept

at using these tools compared to the clinicians who had

received the traditional medical education. This, however,

needed further evaluation.

Most of the subjects were of the opinion that there

was no potential harm associated with this test. Urine C/S is

considered as an expensive procedure compared to urine

microscopy and leukocyte esterase and nitrite tests.18 When

asked about the cost-effectiveness, most of the respondents

considered it as more and more cost-effective as the disease

probability increased. This is contrary to the evidence-based

approach which emphasises on less and less tests as the

disease probability increases. 

In terms of the study's limitations, we modelled the

subjects' diagnostic thinking process according to the

Probabilistic/Bayesian approach19 which is not a natural

thinking process, but is acquired only through education.

Besides, as these were dummy cases, they may fail to

account for individual judgment according to real-life

situations. 

Conclusion

There was a wide variation in the clinical use of

urine C/S which necessitates the formulation of appropriate

guidelines for the diagnostic use of the test in UTI.

Moreover, considering the recent changes in the diagnostic

criteria and variations in the bacterial resistance patterns,

international guidelines for UTI may not be applicable in

our setup and may need adaptations/modifications. More

emphasis on clinical decision-making and the incorporation

of Bayesian probabilistic thinking in clinical practice can

help streamline the diagnosis of UTI.
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