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Cost-effectiveness of improving pediatric 
hospital care in Nicaragua

Edward I. Broughton,1 Ivonne Gomez,1 Oscar Nuñez,1  
and Yudy Wong1

Pneumonia and diarrhea are respon-
sible for the highest burden of mor-
bidity and mortality among children in 
Nicaragua (1, 2). Significant gaps have 
been found between the clinical man-
agement of children in referral hospi-

tals with these two diagnoses and that 
recommended in the World Health Or-
ganization (WHO)/UNICEF Integrated 
Management of Childhood Illness (IMCI) 
strategy for low-income countries in gen-
eral (3) and Nicaragua in particular (4). 
To reduce these gaps, Nicaragua’s Minis-
try of Health (MINSA) worked with the 
U.S. Agency for International Develop-
ment (USAID), through its Quality As-
surance Project (QAP), and UNICEF, to 
design and implement a hospital-based 

intervention based on the quality im-
provement (QI) collaborative approach.2

Known as the Pediatric Hospital Im-
provement (PHI) Collaborative, the in-
tervention was launched in 2004 at 14 
regional hospitals and focused on chil-
dren admitted to the pediatric ward with 

Objective. To determine the costs and cost-effectiveness of an intervention to improve 
quality of care for children with diarrhea or pneumonia in 14 hospitals in Nicaragua, based on 
expenditure data and impact measures.
Methods. Hospital length of stay (LOS) and deaths were abstracted from a random sample 
of 1 294 clinical records completed at seven of the 14 participating hospitals before the inter-
vention (2003) and 1 505 records completed after two years of intervention implementation 
(“post-intervention”; 2006). Disability-adjusted life years (DALYs) were derived from out-
come data. Hospitalization costs were calculated based on hospital and Ministry of Health 
records and private sector data. Intervention costs came from project accounting records. 
Decision-tree analysis was used to calculate incremental cost-effectiveness. 
Results. Average LOS decreased from 3.87 and 4.23 days pre-intervention to 3.55 and 
3.94 days post-intervention for diarrhea (P = 0.078) and pneumonia (P = 0.055), respectively. 
Case fatalities decreased from 45/10 000 and 34/10 000 pre-intervention to 30/10 000 and  
27/10 000 post-intervention for diarrhea (P = 0.062) and pneumonia (P = 0.37), respectively. Av-
erage total hospitalization and antibiotic costs for both diagnoses were US$ 451 (95% credibility 
interval [CI]: US$ 419–US$ 482) pre-intervention and US$ 437 (95% CI: US$ 402–US$ 464) 
post-intervention. The intervention was cost-saving in terms of DALYs (95% CI: –US$ 522– 
US$ 32 per DALY averted) and cost US$ 21 per hospital day averted (95% CI: –US$ 45– 
US$ 204).
Conclusions. After two years of intervention implementation, LOS and deaths for diarrhea 
decreased, along with LOS for pneumonia, with no increase in hospitalization costs. If these 
changes were entirely attributable to the intervention, it would be cost-saving.

Hospital costs; hospitals, pediatric; cost-benefit analysis; diarrhea; pneumonia; deliv-
ery of health care; Nicaragua.
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2  Use of a shared learning approach among a large 
number of quality improvement teams who work 
together toward the same aim to rapidly achieve 
significant improvements in the processes, quality, 
and efficiency of services (5).
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severe cases of diarrhea or pneumonia. 
Intervention objectives, identified dur-
ing a 6-month evaluation conducted at 
six hospitals in 2003, were designed 
to address various quality-of-care prob-
lems, including:

•	 Lack of a standardized diagnosis and 
classification system based on explicit 
clinical criteria, standard definitions 
for identifying patients with severe 
dehydration, and uniform guidelines 
for treating those patients; 

•	 Inappropriate prescription of antibiot-
ics and other medications; 

•	 No specified room for close, constant 
monitoring of critically ill children; 

•	 Poor recognition of danger signs by 
clinical staff; 

•	 Inadequate triage system for patients 
seen in the emergency room; 

•	 Inadequate written guidelines such as 
clinical algorithms and treatment pro-
tocols to direct medical and nursing 
staff to evidence-based care; 

•	 Poor transportation system for trans-
ferring critically ill children to referral 
facilities; and 

•	 Poor ability to identify the nutritional 
status of patients. 

The QI strategy included eight compo-
nents: 1) introducing the WHO/UNICEF 
referral care manual (6) to standardize 
the clinical approach to treatment of 
children with severe diarrhea or pneu-
monia at the hospital level; 2) defining 
quality indicators to measure compliance 
with standards and identify performance 
gaps; 3) forming QI teams to promote 
clinical practice changes that would lead 
to improved quality of care; 4) estab-
lishing mechanisms for prioritizing the 
care of children who come to emergency 
rooms; 5) changing hospital organization 
so critically ill children are concentrated 
in a single hospital environment to allow 
closer and continuous monitoring; 6) 
developing skills in medical and nursing 
staff to identify, manage, and monitor for 
danger signs; 7) improving adherence to 
standardized prescribing practices for 
antibiotics; and 8) involving local author-
ities in supporting quality activities. 

While routine monitoring of quality 
indicators by PHI Collaborative hospital 
teams showed that the intervention was 
associated with a decline in case fatal-
ity rates for diarrhea and pneumonia as 
well as an increase in compliance with 
clinical protocols (including the appro-

priate use of antibiotics) and reduced 
hospital stays, its costs and cost-effec-
tiveness were not known. To fill this gap, 
the authors of the current study used 
data on the intervention’s expenditures 
and various measures of its impact to 
determine its overall cost and economic 
efficiency. This information could help 
Nicaraguan decision-makers determine 
if nationwide implementation of this 
type of intervention would be affordable 
and cost-effective compared to other 
strategies to improve care.

MATERIALS AND METHODS

The study was based on two years  
of intervention implementation (2004–
2005). Pre-/post-intervention evaluations 
were conducted to determine interven-
tion impact. The research team exam-
ined diarrhea and pneumonia inpatient 
medical records and admissions regis-
ters completed at participating hospitals 
1) before the intervention (in 2003) (“pre-
intervention”), and 2) after two years 
of its implementation (in 2006) (“post-
intervention”). Expenditure data were  
obtained from hospital and MINSA re-
cords and private sector calculations 
(for hospitalization costs) and UNICEF 
and USAID/QAP accounting records 
(for intervention costs). Miscellaneous 
training costs (e.g., transportation, food, 
and housing) were based on author es-
timates. Impact measures and expendi-
tures were defined according to the crite-
ria of MINSA and USAID/QAP.

Sampling

The 14 hospitals participating in the 
PHI Collaborative did not begin the inter-
vention simultaneously. Therefore, to en-
sure the consistency of the data, the study 
sample was limited to hospitals where QI 
teams had implemented improvement 
cycles and monitored the indicators of in-
terest for at least two years (i.e., since the 
intervention’s launch in 2004). The seven 
qualifying hospitals were Chinandega, 
Madriz, Estelí, Boaco, Granada, Masaya, 
and La Trinidad. The authors randomly 
selected hospital records from all patient 
charts available for review for both the 
pre- and post-intervention evaluations. 
For the pre-intervention evaluations, 647 
clinical records were selected for both di-
arrhea and pneumonia. For the post-in-
tervention evaluations, 750 records were 
selected for diarrhea and 755 records for 

pneumonia. A total of 2 799 records were 
examined out of the 14 833 case records 
(9 938 diarrhea and 4 895 pneumonia) 
available at the seven hospitals included 
in the study. Sampling was stratified by 
hospital. A sample of 90–110 records was 
taken from each hospital. The sampling 
number was determined according to 
USAID/QAP monitoring requirements. 
Cases of severe diarrhea and pneumonia 
were identified based on IMCI defini-
tions (7). Patients with a simultaneous 
diagnosis of diarrhea and pneumonia 
were excluded from the sample. 

Cost data

Total costs were calculated retrospec-
tively based on data from 1) hospital 
records, MINSA, and private sector cal-
culations (for hospitalization costs) and 
2) UNICEF and USAID/QAP accounting 
records (for intervention costs). Hospi-
talization costs included the salaries of 
the doctors, nurses, and ancillary staff 
required to staff the pediatric wards, cal-
culated according to MINSA salary rates; 
hospital bed costs, including food, water, 
medical supplies, electricity, and other 
utilities, calculated according to rates es-
tablished in private hospitals; the amount 
paid for antibiotics prescribed and con-
sumed during hospitalization, calculated 
according to the MINSA price list of basic 
medicines; and the amount paid for labo-
ratory blood tests for all patients (pneu-
monia and diarrhea), a chest radiograph 
for each pneumonia patient, and a fecal 
laboratory test for each diarrhea patient, 
according to MINSA records. For items 
that are not accounted for in Nicaraguan 
public hospitals (e.g., clinical line items), 
estimated costs were based on those es-
tablished for the private sector (which 
are considered a reasonable approxima-
tion to costs in the public sector). All costs 
were recorded in Nicaraguan córdobas, 
converted to U.S. dollars using the Janu-
ary 2006 exchange rate (C$17 per US$1) 
(8) and adjusted to 2010 by applying an 
annual inflation rate of 3%.

Effectiveness measures

The three measures of the QI inter-
vention’s impact on cases of diarrhea 
or pneumonia were 1) hospital length 
of stay (LOS), 2) disability-adjusted life 
years or DALYs (years of potential life 
lost due to premature mortality and 
years of productive life lost due to dis-
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ability), and 3) deaths. Data on LOS 
and mortality were collected from the 
patient records sampled in the partici-
pating hospitals. DALYs for acute illness 
were estimated using disability weights 
assigned to severe cases of pneumonia 
and diarrhea, obtained from Murray 
and Lopez (9), and assuming average 
age of onset was 2 years. Age weighting, 
a discount rate of 3% per annum, and a 
life expectancy of 73 (10) were applied 
to DALYs for mortality calculations ac-
cording to a standard methodology that 
used similar economic analyses without 
regard to gender (11, 12) (Table 1). The 
total number of patients admitted for 
each of the two diagnoses was obtained 
from hospital admission registries.

Analysis

Decision-tree analysis was used to 
compare the QI intervention strategy 
(improved compliance with clinical 
guidelines) to “business-as-usual” (pre-
intervention clinical management of di-
arrhea and pneumonia case) in a single 
iterative model (Figure 1). The incre-
mental cost-effectiveness ratio (ICER), 

TABLE 1. Inputs and distributions of decision tree predicting cost-effectiveness of pediatric care quality improvement (QI) intervention at seven 
regional hospitals in Nicaragua, 2004–2005a

 Pre-intervention Post-intervention

 Estimate 95% CIb PDc Estimate 95% CI PD

Length of stay (days)d

 Diarrhea 3.87 3.62–4.12 Normal 3.55 3.31–3.80 Normal
 Pneumonia 4.23 4.04–4.43 Normal 3.94 3.74–4.16 Normal
DALYse averted per death averted
 Diarrhea 31.05   31.05
 Pneumonia 31.05   31.05
DALYs averted per acute case averted
 Diarrhea 0.011   0.011
 Pneumonia 0.013   0.013
Cost per hospital bed-dayf

 Diarrhea 93.30 84.28–102.32 Normal 93.30 84.28–102.32 Normal
 Pneumonia 99.12 89.52–108.72 Normal 99.12 89.52–108.72 Normal
Cost of antibioticsf

 Diarrhea 8.80 7.94–9.66 Normal 11.80 10.64–12.96 Normal
 Pneumonia 13.70 12.36–15.04 Normal 14.00 12.63–15.37 Normal
Case fatality ratiod

 Diarrhea 0.0045 0.0023–0.0078 Binomial 0.0030 0.0011–0.0061 Binomial
 Pneumonia 0.0034 0.0020–0.0054 Binomial 0.0027 0.0015–0.0045 Binomial

Proportion of cases that are diarrhead    0.33 0.32–0.34 Binomial
Cost of QI interventiong    45 124 
Total number of patients over two years of interventiond    14 833
Cost of QI intervention per patient admittedg    3.04

a All costs in U.S. dollars (based on January 2006 exchange rate (C$17 per US$1) (8) adjusted to 2010 using 3% annual inflation rate).
b CI: credibility interval.
c PD: probability distribution.
d Data from patient records, registers, and MINSA.
e DALYs: disability-adjusted life years; age weighting and a life expectancy of 73 (10) were applied to DALYs for mortality calculations.
f Data from hospital and private sector cost calculations.
g Data from UNICEF and U.S. Agency for International Development (USAID) / Quality Assurance Project (QAP) accounting records.

FIGURE 1. Analytic framework for decision tree predicting incremental cost-
effectiveness of pediatric care quality improvement (QI) intervention at seven 
regional hospitals in Nicaragua, 2004–2005
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defined as the incremental change in cost 
divided by the incremental change in 
effectiveness, was calculated by compar-
ing indicators at the seven participating 
hospitals pre- and post-intervention. In 
terms of DALYs, the ICER represented 
the cost per additional DALY averted 
($/DALY) associated with the QI strat-
egy. The lower the ICER value, the bet-
ter the relative cost-effectiveness of the 
care delivered post-intervention com-
pared to that provided pre-intervention. 
A positive ICER value indicates that an 
additional expenditure is required to 
achieve better health outcomes, whereas 
a negative ICER value means the inter-
vention is associated with better health 
outcomes and a decrease in overall cost 
and is thus designated as “cost-saving.” 
The equation used to calculate the ICER 
(incremental cost/average number of 
incremental DALYs) is shown below.

Cost of [diarrhea/pneumonia] case  
after the intervention – cost of case  

before the intervention

Average number of DALYs after  
the intervention – average number of 

DALYs before the intervention

Because the outcome data used in 
the current study were collected from 
a random sample of cases from seven 
different hospitals, the sampling distri-
bution associated with the ICER point 
estimate (PE) (the average of multiple 
ICER point estimates, representing es-
timated hospitalization and antibiotic 
costs, across multiple data sets) needed 
to be taken into account to determine 
a credibility interval (CI). The authors 
used Monte Carlo simulations in which 
repeated sampling from the distribu-
tions of all input variables was used to 
calculate a probability distribution for 
the ICERs. This allowed for calculation 
of a 95% CI.

One-way probabilistic sensitivity anal-
ysis was used to rank the variables by 
their relative importance to the cost- 
effectiveness result (in terms of DALYs) 
by using each of the variables in turn and 
performing Monte Carlo simulations to 
determine CIs based on the degree of 
uncertainty for each specific variable. 
Appropriate probability distributions 
had to be assigned to the input variables 
as some were not statistically significant 
at the alpha = 0.05 level. These distri-
butions were determined based on the 
study data (Table 1).

RESULTS

Average LOS decreased from 3.87 
days pre-intervention to 3.55 days post-
 intervention for diarrhea cases (P = 0.078) 
and from 4.23 days pre- intervention to 
3.94 days post- intervention for pneu- 
monia (P = 0.055). The case fatality ra-
tio decreased from 45 per 10  000 pre-  
intervention to 30 per 10  000 post-
 intervention for diarrhea (P = 0.062) and 
from 34 per 10  000 pre-intervention to 27 
per 10  000 post-intervention for pneu-
monia (P = 0.37) (Table 1).

Intervention costs are listed in Table 2. 
Technical assistance, which accounts for 
almost 25% of the total cost of the QI 
intervention, included all work done 
by USAID/QAP personnel to imple-
ment the eight strategy components. It 
did not include the time cost of MINSA 
administrators or hospital officials be-
cause their roles in these activities were 
considered part of their normal work 
duties and therefore did not incur ad-
ditional cost to MINSA. The time cost of 
hospital personnel attending the train-
ing sessions was included, even though 
this did not incur any additional direct 

cost to MINSA, because attendance in 
the sessions took these health workers 
away from their regular duties, and 
whether or not relief staff were brought 
in to compensate for this absence it was 
important to account for this potential 
loss in productivity. Training sessions 
consumed the greatest proportion of 
total expenditures (43.2%).

Costs per day for hospitalization 
(excluding antibiotics) remained un-
changed (pre- versus post-intervention) 
at $93.30 and $99.12 per day for diar-
rhea and pneumonia cases respectively. 
The cost of antibiotics per day increased 
from $8.80 to $11.80 for diarrhea and 
from $13.70 to $14.00 for pneumonia. 
The average total cost of hospitalization 
and antibiotic medication for both di-
agnoses was $451 pre-intervention and 
$437 post-intervention.

In terms of DALYs, the QI inter-
vention was cost-saving compared to 
“business-as-usual” (95% CI: –$522–$32 
per DALY averted; Table 3). When the 
variability of the result is plotted on a 
cost-effectiveness acceptability curve, 
the intervention is 100% certain to be 
cost-effective when the health care 

TABLE 2. Itemized costs (training, materials, and technical assistance) of pediatric care quality 
improvement (QI) intervention at seven regional hospitals in Nicaragua, 2004–2005a

  Cost 
  per   Total % of 
  sessionb No. of No. of cost total 
 Item (US$) hospitals  sessions (US$) costs Source

Training
 Transportation 47 7 6 1 974 4.4 c

 Food and lodging
  Sessions 1–4  328.5 7 4 9 200 20.4 c

  Sessions 5–6 47 7 2 660 1.5 c

 Participant supplies (notebooks etc.) 14 7 6 600 1.3 c

 Hospital personnel (150 nurse-days +  
  150 physician-days)    7 072 15.7 d

Subtotal    19 506 43.2 
Materials (printing and distribution)      
 IMCIe training methodology guide 116.7 7 4 3 268 7.2 f,g

 IMCI hospital procedures manual    7 287 16.1 f

 IMCI standards and indicators guide    2 248 5.0 g

 IMCI pediatric emergency care manual    2 100 4.7 g

Subtotal     14 903 33.0  
Technical assistance for implementation  
 of operational changes    10 715 23.7 g

Total    45 124 100.0  

a All costs in 2010 U.S. dollars (based on January 2006 exchange rate (C$17 per US$1) (8) adjusted to 2010 using 3% annual 
inflation rate).

b 30 participants per session.
c Sum of author estimates of cost per individual.
d Ministry of Health hospital personnel salaries list.
e IMCI: Integrated Management of Childhood Illness (strategy for pediatric care recommended by World Health Organization 

and UNICEF).
f UNICEF accounting records.
g U.S. Agency for International Development (USAID)/Quality Assurance Project (QAP) accounting records.
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funder is willing to pay $200 or more 
per DALY averted (Figure 2). In terms 
of hospital days, the intervention cost 
$21 (per hospital day averted) (95% CI: 
–$45–$204).

One-way probabilistic sensitivity 
analysis is shown in Table 4. The larger 
the credibility interval, the greater the 
uncertainty associated with the vari-
able and therefore the greater its im-
portance  to the cost-effectiveness re-
sult. LOS variables had the greatest 
effect on the result, followed by case 
fatality ratios and cost of antibiotics. 
Uncertainty in the cost of hospitaliza-
tion had a small impact on the result, 
while uncertainty in the cost of the QI 
intervention and the ratio of diarrhea to 
pneumonia cases had almost no effect 
on the result.

DISCUSSION

This study found close to statistically 
significant decreases in LOS (for diar-
rhea and pneumonia) and in deaths (for 
diarrhea) that were associated with the 
QI intervention. Calculation of cost- 

effectiveness in terms of DALYs showed 
that the intervention was cost-saving, in-
dicating a high likelihood that the QI 
intervention improves health outcomes 
and decreases costs to the hospital system. 
This result explains the decrease in case 
fatality rates for both diarrhea and pneu-
monia that was observed following the QI 
intervention.

In terms of LOS, the ICER was $21, in-
dicating that decreasing the average LOS 
would most likely result in a small ad-
ditional cost. The fact that the ICER was 

TABLE 3. Incremental cost-effectiveness of pediatric care quality improvement (QI) strategy ver-
sus “business-as-usual” at seven regional hospitals in Nicaragua, 2004–2005a 

  Total Incremental 
  cost cost Total  DALYs  95% CId 
 Strategy (US$) (US$) DALYsb averted ICERc (US$)

“Business-as-usual”  
 (pre-intervention  
 case management) 451 NAe 0.129 NA NA NA
QI intervention  
 (improved compliance  
 with clinical standards) 437 –14 0.069 0.060 Cost- –$522–$32
     saving

a All costs in 2010 U.S. dollars (based on January 2006 exchange rate (C$17 per US$1) (8) adjusted to 2010 using 3% annual 
inflation rate).

b DALYs: disability-adjusted life years; age weighting and a life expectancy of 73 (10) were applied to DALYs for mortality 
calculations.

c ICER: incremental cost-effectiveness ratio (additional cost per additional DALY averted).
d CI: credibility interval.
e NA: not applicable.

FIGURE 2. Cost-effectiveness acceptibility curve for pediatric care quality improvement 
(QI) intervention at seven regional hospitals in Nicaragua, 2004–2005  
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TABLE 4. Probabilistic one-way sensitivity 
analysis of variables for decision tree predict-
ing cost-effectiveness of pediatric care quality 
improvement (QI) intervention at seven re-
gional hospitals in Nicaragua, 2004–2005

   95% CIa  
 Variable  ($/DALY)b

Length of hospital stay
 Pneumonia –420 – –30
 Diarrhea –375 – –74
Case fatality ratio
 Pneumonia –284 – –185
 Diarrhea –283 – –193
Cost of antibiotics
 Pneumonia –319 – –133

a CI: credibility interval.
b Cost per additional disability-adjusted life year averted (in 

2010 U.S. dollars, based on January 2006 exchange rate 
(C$17 per US$1) (8) adjusted to 2010 using 3% annual 
inflation rate). Age weighting and a life expectancy of 73 
(10) were applied to DALYs for mortality calculations.
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positive in terms of LOS but negative (i.e., 
cost-saving) in terms of DALYs can be at-
tributed to the scope of the DALYs metric 
(which considers deaths, and acute illness) 
versus that of the LOS metric (which treats 
all discharged patients as one and the 
same regardless of the outcome). The LOS 
ICER is presented to show the interven-
tion’s relative cost-effectiveness in finan-
cial terms regardless of whether or not it 
meets the criteria for DALY calculations. 

Even when considering the point on 
the cost-effectiveness acceptability curve 
at which there is 100% certainty of cost-
effectiveness (a willingness to pay of $200 
per DALY averted), the ICER is highly 
favorable. WHO defines a health inter-
vention as very cost-effective if its ICER 
is less than the GDP per capita of the 
population it serves (13). As Nicaragua’s 
per capita GDP is $2 900, the PHI Col-
laborative intervention would be consid-
ered very cost-effective (14). Comparing 
the efficiency of the QI strategy used in 
this intervention to strategies used in 
other health interventions in Nicaragua 
or other Central American countries is 
difficult given the paucity of economic 
evaluations of health programs from the 
region (15). To the best of the authors’ 
knowledge, no other cost-effectiveness 
studies have been conducted to evaluate 
interventions for pediatric diarrhea or 
pneumonia cases. The PHI Collaborative 
intervention appears to be significantly 
more cost-effective than cervical cancer 
screening in Nicaragua, reported to cost 
$3 700 per DALY averted (16), and com-
pares favorably with rotavirus vaccina-
tion for diarrheal disease prevention in 
both Honduras, reported to cost $269 per 
DALY averted (17), and Northeastern 
Brazil, based on another economic analy-
sis that showed its effects on costs for 
diarrhea were not cost-saving (18). 

Diarrhea and pneumonia are the two 
most common causes of infant death 
worldwide, accounting for 40% of all 
mortality in children under 5 years old 
(19, 20), and remain significant public 
health problems in Nicaragua, where 
the infant mortality rate is 27/1 000 (21). 
Any strategies that help address the high 
burden of disease resulting from these 
two conditions are likely to have a sig-
nificant impact on the overall effective-
ness of the health system.

Money saved due to the slight de-
crease in average LOS that occurred 
over the course of the intervention was 

partially offset by the increase in ex-
penditure for antibiotics that resulted 
from improved compliance with clini-
cal guidelines. Before the intervention, 
prescription practices for antibiotics in 
Nicaragua were reported to be generally 
poor, leading to suboptimal outcomes 
and an increase in the risk of resistance 
(22). Suboptimal practices included the 
prescription of cheaper antibiotics that 
in many cases were not recommended. 
The intervention addressed this issue by 
standardizing prescribing practices and 
facilitating the use of more appropriate 
(and often more expensive) antibiotics 
for diarrhea and pneumonia. There-
fore, while this part of the intervention 
achieved the desired result of improved 
compliance with prescribing standards, 
it also led to an increase in the average 
cost per patient for antibiotics.

Sensitivity analysis showed that the un - 
certainty in LOS input variables had the 
greatest impact on the cost-effectiveness 
result. Given that the differences between 
pre- and post-intervention LOS were not 
statistically significant, achieving a more 
accurate estimate of these inputs by using 
a larger sample size would have yielded 
a more precise result.

By definition, collaborative improve-
ment is a temporary intervention designed 
to 1) address specific problems in the 
quality of services and 2) institutionalize 
the changes made in care processes to en-
sure sustainability of the results. Once this 
occurs, QI teams either move onto another 
set of problems or disband. If that defini-
tion holds true, favorable results would 
continue to be achieved upon completion 
of the PHI Collaborative intervention at 
the targeted facilities, without further in-
tervention and expense. If this were the 
case, the QI intervention strategy would 
prove more cost-effective when consid-
ered over a longer time period.

Limitations

While no other interventions were im-
plemented to address the quality of diar-
rhea and pneumonia care in Nicaraguan 
hospitals either before or during the PHI 
Collaborative intervention, the lack of a 
control group in this study design leaves 
open the possibility that the changes de-
tected in the pre-/post-intervention com-
parisons could have been due to factors 
other than the intervention. Further stud-
ies using a control group or an analogous 

design would help determine how much 
improvement was attributable specifi-
cally to the PHI Collaborative initiative.

Other than the start-date of their respec-
tive intervention activities, there were no 
substantive differences between the seven 
hospitals selected for the study sample 
and the remaining seven that were not. 
Nevertheless, the possibility of selection 
bias would have been reduced and the 
case for generalizability improved if all 
14 hospitals (or a random sample from all 
14 hospitals) had been studied. 

This study did not consider the pos-
sible downstream benefits to either the 
health system or other departments in 
the participating hospitals of having bet-
ter trained and more highly engaged 
and motivated clinical staff as a result 
of the QI intervention. According to 
the literature, QI collaboratives have 
produced downstream benefits such as 
improved provider engagement with 
their work, and increased trust among 
providers (23); better staff relationships; 
and the extension of QI approaches to 
other areas within the facilities (24). 
The higher-quality clinical care for di-
arrhea and pneumonia resulting from 
the PHI Collaborative intervention may 
also have led to a decrease in morbid-
ity and mortality from other causes, but 
these outcomes were not measured. If 
these benefits did occur and had been 
quantified and included in the analysis, 
the cost-effectiveness of the interven-
tion would be higher. The intervention’s 
effect on the care of those diagnosed 
with malnutrition (without pneumonia 
or diarrhea) was not considered either, 
even though part of the intervention 
addressed quality of care in this area. In 
addition, the authors did not consider 
factors related to cost-effectiveness from 
the societal perspective, such as poten-
tial cost savings for families caring for 
children with diarrhea and pneumonia 
after their discharge from the hospital. 
Once again, given the decreased burden 
of disease associated with the interven-
tion, the cost to families and caregivers 
would have most likely decreased, im-
proving overall cost-effectiveness.

Recommendation and conclusion

Due to the improved patient outcomes 
resulting from the intervention, overall 
hospital expenditures for the care of 
children with diarrhea and pneumonia 
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Objetivo. Determinar el costo y la eficacia en función del costo de una intervención 
para mejorar la calidad de la atención de niños con diarrea o neumonía en 14 hospi-
tales de Nicaragua, sobre la base de la información sobre gastos y la medición de las 
repercusiones. 
Métodos. Se compilaron datos sobre la duración de la hospitalización y la mortali-
dad de una muestra aleatoria de 1 294 historias clínicas compiladas en 7 de los 14 hos-
pitales participantes antes de la intervención (2003) y 1 505 historias clínicas compila-
das después de dos años de ejecución de la intervención (“postintervención”, 2006). 
Los años de vida ajustados en función de la discapacidad (AVAD) se obtuvieron de 
los resultados asistenciales. Se calcularon los costos de hospitalización según los regis-
tros de los hospitales y del Ministerio de Salud, y datos del sector privado. Los costos 
de la intervención se obtuvieron de los registros contables del proyecto. Para calcular 
la relación costo-eficacia incremental se usó un análisis de árbol de decisiones. 
Resultados. La duración promedio de la hospitalización disminuyó de 3,87 y 4,23 
días antes de la intervención a 3,55 y 3,94 días después de la intervención para la dia-
rrea (P = 0,078) y la neumonía (P = 0,055), respectivamente. La letalidad disminuyó 
de 45/10  000 y 34/10  000 antes de la intervención a 30/10 000 y 27/10  000 después 
de la intervención para la diarrea (P = 0,062) y la neumonía (P = 0,37), respectiva-
mente. Los costos totales promedio de la hospitalización y de los antibióticos para 
ambos diagnósticos fueron de US$ 451 (intervalo de confianza [IC] de 95%: US$ 419 
a US$ 482) antes de la intervención y US$ 437 (IC 95%: US$ 402–US$ 464) después. 
La intervención representó un ahorro de costos en cuanto a los AVAD (IC 95%:  
–US$ 522 a US$ 32 por cada AVAD evitado) y costó US$ 21 por cada día de hospita-
lización evitado (IC 95%: –US$ 45 a US$2 04). 
Conclusiones. Después de dos años de ejecución de la intervención, la duración de 
la hospitalización y la mortalidad por diarrea disminuyeron, junto con la duración de 
la hospitalización para la neumonía, sin un aumento de los costos de hospitalización. 
En caso de que estos cambios fueran totalmente atribuibles a la intervención, esta 
representaría un ahorro de costos. 

Costos de hospital; hospitales pediátricos; análisis costo-beneficio; diarrea; neumonía; 
prestación de atención de salud; Nicaragua.
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