Improving the management of acute diarrhoea and dehydration in under-5 children in a paediatric referral facility in Lagos, Nigeria
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Background: Mortality from acute diarrhoea and dehydration (AD/D) in children is high despite existing management guidelines. 
Aim: The aim of this study was to identify deficiencies in the management of AD/D by health staff and assess changes in management after a training intervention in a paediatric referral facility in Lagos, Nigeria.
Methods: In a retrospective review of case notes, the management of AD/D was assessed using WHO guidelines as the standard. An e-learning module was developed that directly addressed deficiencies and was used to train health staff. Changes in the management of AD/D were assessed by re-auditing case notes.
Results: There were learning needs among health staff in the management of AD/D. Altogether, 34 (97.1%) of 35 residents were trained. Training resulted in modest improvements in the number of children in whom nutritional status was assessed, use of oral rather than intravenous fluids for rehydration and reducing unnecessary laboratory tests. Training resulted in marked improvements in the correct volume of (pre- vs post-training 6.3% vs 94.1%, P<0.001) and follow-up of fluid therapy (8.1% vs 98.0%; P<0.001), prescription of zinc (41.6% vs 85.1%, P<0.001) and providing advice on when to return after discharge (77.6% vs 96.0%, P<0.001). Although statistically significant, the minimal improvements in antibiotic use (43.8% vs 56.6%, P=0.03), re-starting feeds (10.6% vs 38.6%, P<0.001) and counselling about feeding (11.8% vs 33.7%, P<0.001) highlighted areas for further training.
Conclusions: In low-resource countries, clinical auditing and training can significantly improve the management of illnesses that contribute to child deaths and identify areas where further training is required.
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Introduction
Diarrhoeal disease remains a leading cause of morbidity and mortality in children in developing and low-income countries. Children aged less than five years living in Africa suffer on average five episodes of diarrhoea per year.1 Globally, there are 2.5 million child deaths from diarrhoea each year and 22% are children in sub-Saharan Africa.2 In Nigeria, diarrhoea causes 194,000 deaths of children under 5 every year, the second highest number in the world after India.3,4 Most of these deaths result from dehydration and electrolyte derangement that complicates acute diarrhoea.

The introduction of oral rehydration therapy (ORT) in 1968 for the treatment of acute diarrhoea and dehydration (AD/D) dramatically reduced the global mortality in children and has been regarded as a major scientific breakthrough.5 As a result, the WHO has recommended ORT as the management of choice for children with AD/D up to a moderate degree. In 2003, low osmolarity solution ORT was introduced6 which contains reduced concentrations of glucose and salt, shortens the duration of diarrhoea and reduces the need for intravenous fluids. The WHO also recommends the routine use of zinc for 10–14 days to decrease the duration and severity of diarrhoea and the likelihood of future diarrhoeal episodes,7,8 

Despite the availability of WHO guidelines, acute diarrhoea accounted for 2.6% of all childhood deaths at University College Hospital, Ibadan during 1996–2000.9 In Lagos State University Teaching Hospital (LASUTH), diarrhoeal disease is the fourth commonest reason for paediatric admission, accounting for 8% of all admissions, and the third leading cause of case fatality among the under-5s.10 In our experience in LASUTH, management of AD/D varies markedly between individual health-care workers and does not follow WHO management guidelines. For example, intravenous (IV) fluids for 24 hours were often prescribed for all grades of dehydration complicating diarrhoea. Similar faulty clinical management obtains in other hospitals in Nigeria and is also prevalent throughout sub-Saharan Africa.11,12 Compared with IV rehydration, ORT is associated with a shorter duration of admission, lower cost and fewer complications such as electrolyte imbalance, cerebral oedema and phlebitis.13 Lack of adherence to evidence-based guidelines is likely to contribute to increased duration of hospital stay, cost of care and the high mortality observed in children with diarrhoea in our practice and in many other health facilities in developing countries.

Worldwide, there is growing concern regarding the shortage of health-care workers.14 The shortage of teachers is even greater and limits traditional education modes.14,15 The use of electronic media and devices as tools for improving access to training might help to address the training needs of health workers, especially in developing countries where the health staff shortages are worst.15,16 E-learning is a recent development and its use is gradually increasing in developing countries.16 We were not aware of an existing e-learning module aimed to improve the management of acute diarrhoea and dehydration in our setting.


This study aimed to identify deficiencies in the management of AD/D using the WHO guideline as the standard, develop an e-Learning module that directly addressed the identified learning needs and use it in training health workers. Changes in clinical management were assessed in a follow-up audit.
Methodology
Setting

This was an interventional study undertaken by the Department of Paediatrics and Child Health, LASUTH, a tertiary health facility owned by the Lagos State government. It is in Ikeja Local Government Area and serves the inhabitants of Lagos state and the neighbouring Ogun state. The department caters for children from birth to the age of 12 with about 3600 patients seen in the emergency unit each year. Health care is provided at subsidised rates for children. 
Clinical audit

All case notes of children who were under 5 years of age with a diagnosis of acute diarrhoea or gastro-enteritis were collected retrospectively over a 1-year period (March 2011 to April 2012). Acute diarrhoea was defined as diarrhoea that began acutely and lasted for less than 14 days. Information was extracted on the degree of dehydration, assessment of nutritional status, stool samples sent for microbiology, measurement of serum electrolytes and urea, fluid management, use of zinc, antibiotics and anti-motility agents and patient outcomes including deaths. The appropriate use of antibiotics was assessed according to the presence of blood in the stool and the clinical severity of the illness. 

Based on these findings, an e-Learning module was developed that addressed the identified deficiencies in care informed by WHO guidelines8 and aimed specifically to support bedside clinical management by containing familiar images of real clinical cases. The module was freely-available online, interactive and consisted of 45 slides in Microsoft Power Point format.17 It contained 25 self-assessment questions to allow the trainees to track their learning. 

The module was provided for all health workers in the department. At the first training seminars on the appropriate management of AD/D using the module, 34 of 35 residents in the department participated. Trainees were required to repeat the module until they had achieved a mark of >20/25 (>80%). Training seminars were also held periodically in the department to re-enforce the need to change practice. Seminars were held between October and December 2013.

A second audit evaluated the impact of staff training on clinical management using the same data extraction tool used at baseline. The case notes of patients managed prospectively from January to September 2013 were reviewed. 
Statistical analysis
Data were analysed using SPSS for Windows version 13. Data analysis was by simple descriptive and inferential statistics. The means and standard deviations (SD) or median and interquantile range (IQR) were calculated for continuous variables, while ratios and proportions were calculated for categorical variables. Categorical variables were compared using the Pearson χ2 test. The independent t-test was used to calculate mean differences for continuous variables and the Mann–Whitney U-test for non-parametric data. 
Results
Based on the nurses’ admission records, we were able to retrieve the case records of 161/3751 (4.3%) children attending the children’s emergency room with AD/D both before and 101/2344 (4.3%) after the training intervention.
Demographic characteristics and clinical features of study subjects

The median age, proportion of males, clinical characteristics of the illness and recording of information in the case notes were similar in both surveys except that the prevalence of dysentery was significantly higher before than after the training intervention (9.0% vs 2.1%, P=0.002, Table 1). 

[t]TABLE 1[/t]
Clinical assessment

Although there was a statistically significant increase in the number of children assessed for nutritional status after training (21, 20.8%, P=0.0015) than beforehand (11, 7.4%), it was still not assessed in the majority of children (Table 2). The effects of training on undertaking stool analyses and measuring urea and electrolytes (Table 2) was mixed, although there was a reduction in inappropriate testing for both parameters (28.6% vs 17.8%, P=0.011 and 52.2% vs 42.6%, P=0.033, respectively).
[t]TABLE 2[/t]

Management of AD/D
There was clear evidence that training increased the use of ORT and decreased the use of parenteral fluids. However, inappropriate use of IV fluids still occurred in almost one in three children despite training. (Table 3) The training resulted in marked improvements in several aspects of clinical care including the appropriate volume of rehydration fluid (pre- vs post intervention; 6.3% vs 94.1%, P<0.0001), follow-up of rehydration fluid therapy (8.1% vs 98.0%, P<0.0001), zinc prescription (41.6% vs 85.1%, P=0.0045), and providing information on when to return to the hospital for follow-up (77.6% vs 96.0%, P<0.0001). Although there was a highly statistically significant difference pre- versus post-intervention, training had less effect on the appropriate restart of feeds (10.6% vs 38.6%) and counselling on feeding (11.8% vs 33.7%). The appropriate use of antibiotics was little affected by the training (43.3% vs 56.6%, P=0.031). Despite clear improvements in several aspects of care, the duration of admission and main outcomes were similar before and after training (Table 3). 
[t]TABLE 3[/t]

Discussion

In a tertiary health care facility in Lagos, clinical audit was used to identify several important deficiencies in the standard of clinical care of children with AD/D, and a targeted training intervention was designed. Although there was no clear improvement in clinical outcomes, completing the audit cycle following the training both demonstrated that several aspects of care had improved significantly and was also valuable in identifying clinical practices where further improvements were required.

Assessment of nutritional status in children with diarrhoeal disease to identify those with severe acute malnutrition (SAM) is important, particularly in developing countries where the prevalence of under-nutrition is high and both disorders commonly co-exist. In SAM, abnormal physiological processes markedly affect the distribution of sodium and, therefore, directly affect clinical management. In this study, training resulted in some improvements in the number of children in whom nutritional status was assessed and malnutrition correctly diagnosed prior to fluid therapy. However, nutritional status was not recorded in the majority of children even after training. This has prompted us to consider simpler means of assessing nutritional status such as measuring mid-upper-arm circumference.18

There was some reduction in inappropriate laboratory assessments. In developing countries where resources are lacking and people often have to pay for their health care needs, avoiding unnecessary investigations can contribute to reducing health care expenses. However, it was clear that the practice could be further improved in this area. 


Significant improvement was observed in the appropriate route, volumes and follow-up of rehydration therapy. According to guidelines published by the AAP,19 ESPGHAN20 and WHO,21 correct treatment for mild and moderate dehydration is with ORT given either by oral or nasogastric route. Despite the existence of these well-established guidelines, most of our cases with moderate dehydration prior to training were treated with IV fluids. This is similar to findings among paediatricians and emergency medicine physicians in the USA where about 65% will treat moderately dehydrated children with IV fluids22 but in contrast with the practice in emergency departments in Belgium, France, The Netherlands and Switzerland where 90% of physician will prescribe ORT for children with moderate dehydration.23 Studies have adduced reasons for the inappropriate use of IV fluids by physicians to include faster means of rehydration and the fact that the physicians just want to do something different from what the mother had already given the child.13,24 The inappropriate use of IV fluids is also likely to encourage mothers to expect or request IV fluids when her child is next admitted with diarrhoea. In a study of parents’ attitudes to ORT for mild/moderate dehydration in the emergency room, those whose children had previously received IV fluids tended to be less likely to agree to oral treatment.25

Irrational prescription of antibiotics is a worldwide problem but it is more common in developing countries.26 Training had only a limited impact on inappropriate prescribing, highlighting this as a more difficult practice to change. Training in other settings has improved antibiotic use27 but further attention to this area is clearly needed in LASUTH.

Zinc supplementation in combination with reduced osmolarity ORT has been proven to be effective in the treatment and prevention of deaths from diarrhoeal disease.6 Despite awareness created by the Federal Government of Nigeria, the use of zinc by health-care workers remains low.28 In this study, appropriate usage of zinc rose markedly as a result of the training. 


This study has several limitations. Although some of the case files were missing, this occurred both pre- and post-intervention and is therefore unlikely to have influenced the findings. Improved record-keeping and archiving is critical to providing accurate information on the performance of the health system upon which health interventional measures are devised and executed. This forms the basis of improving case management and the potential avoidance of morbidity and mortality. Historical data, rather than a contemporaneous control group, was used as a basis to evaluate changes in practice. However, the marked changes in some areas of practice are unlikely to have occurred over a short time frame and no other training intervention on AD/D was implemented. Therefore, we consider that the changes in practice can be attributed to the training intervention. The quality of health care was based on information recorded in case notes rather than direct observation of health worker practice. However, the same method to assess practice was used before and after the training so we consider that the results are comparable. Finally, a limited number of case-notes was audited and it is possible that improvements in outcomes may have been apparent in a larger study.
Conclusion

Clinical audit identified significant deficiencies in the management of AD/D among health workers in LASUTH. Following a targeted training intervention and repeat audit, there was a significant improvement in several aspects of the clinical assessment and management. Areas where further improvements in care were needed were also identified. We recommend this process of audit, training and re-audit to other health facilities especially for common diseases. 
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Table 1   Demographic and clinical characteristics of children with acute diarrhoea and dehydration and outcomes before and after the training intervention

	Parameters
	Pre-intervention*

n=161
	Post-intervention*

n=101



	
	Reported


	Findings
	Reported


	Findings

	Age, mths
	161 (100.0)
	11.0 (6–17)†
	101 (100.0)
	12.0 (8–24)†

	Male
	161 (100.0)
	90 (55.9)
	101 (100.0)
	58 (57.4)

	Duration of diarrhoea before
    admission, days
	159 (98.8)


	3 (2–5)†

	101 (100.0)


	3 (1–5)†


	Frequency of stools/day
	150 (93.2)
	5 (4–8)†
	101 (100.0)
	5 (4–7)†

	Frequency of vomiting/day
	128 (79.5)
	4 (2–6)†
	101 (100.0)
	5 (3–10)†

	Blood in stool
	156 (96.9)
	14/156 (9.0)
	96 (95.0)
	2/96 (2.1)

	Mucus in stool
	155 (96.3)
	84/155 (54.2)
	96 (95.0)
	59/96 (61.5)

	Fever‡
	158 (98.1)
	63/158 (39.9)
	99 (98.0)
	48/99 (48.5)

	Level of dehydration
	158 (98.1)


	Mild: 58 (36.7)

Moderate: 64 (40.5)

Severe: 36 (22.8)


	101 (100.0)


	Mild: 22 (21.8)

Moderate: 54 (53.5)

Severe: 25 (24.8)




* Numbers (%) unless stated otherwise; † median, interquartile range (IQR); ‡ axilla temperature >37.5°C
Table 2   Clinical assessment of acute diarrhoea before and after the training intervention

	Parameters
	Pre-intervention

n=161
	Post-intervention
n=101
	P-value



	Nutritional status assessed?
   Yes: malnourished

   Yes: not malnourished

   Not assessed
	10 (6.8)

1 (0.62)

150 (92.5)
	17 (16.8)

4 (4.0)

80 (79.2)
	0.0015*


	Stool microscopy and culture/sensitivity done?
   Yes and appropriate

   Yes but inappropriate

   No and appropriate

   No but inappropriate


	24/161 (14.9)

28/161 (17.4)

91/161 (56.5)

18/161 (11.2)
	11 (10.9)

16 (15.8)

72 (71.3)

2 (2.0)
	0.01

	Serum urea and electrolytes measured?
   Yes and appropriate

   Yes but inappropriate

   No and appropriate

   No but inappropriate


	52/161 (32.2)

81/161 (50.3)

25/161 (15.5)

3/161 (1.9)
	27 (26.7)

41 (40.6)

31 (30.7)

2 (2.0)
	0.03


* Assessed vs not assessed before and after training; assessment of nutritional status was either by clinical assessment, measuring mid-upper-arm circumference or weight-for-height z score

Table 3   Clinical management of acute diarrhoea before and after the training intervention

	Parameter
	Pre-intervention

Total=161
	Post-intervention

Total=101
	P-value



	
	n (%)*
	n (%)*


	

	Route of fluid administration†
Oral:
   Appropriate

   Inappropriate

Intravenous:
   Appropriate

   Inappropriate

Intra-osseus:
   Appropriate

   Inappropriate


	7 (4.4)

0
36 (22.6)

115 (72.3)

1 (0.63)

0
	44 (43.6)

1 (0.9)

24 (23.8)

32 (31.7)

0
0
	<0.0001‡

	Appropriate volume of rehydration fluid?§
   Yes

   No


	10 (6.3)

150 (93.7)
	95 (94.1)

6 (5.9)
	<0.0001

	Follow-up of rehydration therapy?
   Yes

   No


	13 (8.1)

148 (91.9)
	99 (98.0)

2 (2.0)
	<0.0001

	Use of zinc?
   Yes and correct dosage regimen

   Yes but incorrect dosage regimen

   Not used


	67 (41.6)

25 (15.5)

69 (42.9)
	86 (85.1)

10 (9.9)

5 (5.0)
	0.0045


	Use of antibiotics?
   Yes and appropriate
   Yes but inappropriate
   No and appropriate
   No but inappropriate


	37 (22.8)

89 (55.6)
34 (21.0)

1 (0.6)
	15 (23.3)

41 (43.3)
44 (33.3)

1 (0.1)
	0.03‡

	Appropriate restart of feeds?
   Yes

   No


	17 (10.6)

144 (89.4)
	39 (38.6)

62 (61.4)
	<0.0001

	Appropriate counselling on feeding?
   Yes

   No


	19 (11.8)

142 (88.2)
	34 (33.7)

67 (66.3)
	<0.0001

	Appropriate counselling on when to return to the hospital?
   Yes

   No


	125 (77.6)

36 (22.4)
	97 (96.0)

4 (4.0)
	<0.0001

	Duration of admission (days)§,**
	5 (4–6)
	4 (3–5)
	0.95

	Outcome: 

   Discharged alive

   Absconded

   Died
   Discharged against medical advice


	145 (90.1)

 1 (0.6)

9 (5.6)

6 (3.7)
	93 (92.1)
0 (0.0)
3 (3.0)
5 (5.0)
	0.65


* Number (%) of children unless otherwise stated; † pre-intervention data available for 159 children; ‡ appropriate vs inappropriate practice; § pre-intervention data available for 160 children; ** median (interquartile range)
