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Abstract

Background: Congenital hypothyroidism is a disease able to cause severe mental retardation and developmental delays. However,
timely diagnosis and treatment of infants with this disease could prevent relevant complications. This study aims to investigate the
effects of the implementation of the Six Sigma model on reducing the treatment initiation time in infants with congenital
hypothyroidism in the population chosen from Samen Health Center in Mashhad.

Methods: In this quasi-experimental study, the referral process of infants for congenital hypothyroidism screening and treatment was
evaluated for the time period starting from March 20, 2017, to March 19, 2018, using the standard five-phase quality strategy,
description, measurement, analysis, improvement and control phase (DMAIC), based on Six Sigma. Data were collected using the
sampling form of the national screening program for congenital hypothyroidism. To analyze the data, software including Expert
Choice V11, Microsoft Excel 2013, and SPSS 18, were utilized. In addition, a p-value less than 0.05 was considered statistically
significant.

Results: The number of infants who entered the intervention process was 4,574, of whom 51.3% (2346 infants) were boys. The
mean time to start treatment before the implementation of the model was 21.72+7.72 days, which decreased to 17.41+6.47 days after
the implementation of the model (p< 0.05). Besides, 81.8% of the patients received treatment during infancy before the intervention,
which increased to 94.1% after it. After the implementation of the Six Sigma model, the Sigma level of treatment initiation improved
from 2.41 to 3.06.

Conclusion: Six Sigma could be used as an intervention tool for improving indices of health intervention processes.
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Introduction

Congenital hypothyroidism (CH) is one of the major
preventable causes of mental retardation in newborns.
Disorders of important organs, such as the central nervous
and skeletal systems, occur in the presence of hypothy-
roidism in the fetus (1, 2). Since hypothyroidism symp-

Corresponding author: Salman Shojaei, shojaeisl@mums.ac.ir

toms appear gradually, the diagnosis is usually delayed.
Clinical symptoms increase over time, mental and physi-
cal retardations develop during the following months, and
the clinical picture of the disease is complete at the age of
3 to 6 months (3). Hypothyroidism often has few symp-

tWhat is “already known” in this topic:

Timely screening, diagnosis and treatment, of CH reduces the
complications of the disease. Reducing the IQ of untreated
patients has high costs for the family and the community.
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— What this article adds:
The Six Sigma model was used for the first time to reduce

treatment delays in neonates with congenital hypothyroidism.
The use of this model was effective and can be used in other
studies.
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toms, and only about 5% of cases have clinical symptoms
during the early days after birth. Accordingly, based on
clinical findings, only 10% of infants in the first month,
35% in the first quarter, 70% in the first year, and 100%
within 3-4 years after birth are diagnosed with hypothy-
roidism (4). Numerous studies have revealed that 10 to
15% of patients with CH have intelligence quotient disor-
ders with learning difficulties at school (5).

The total incidence of this disease in the world is esti-
mated to be 1 in 3,000 to 4,000 live births (6). According
to studies conducted in Iran, the prevalence of this disease
varies within the range of 1 in 370 to 1 in 1000 individuals
in the country. The reports of the program in Iran from
2005 to September 2010 showed that the prevalence of the
disease was 1 in 670 live births (2). According to a study
conducted in the United States and France, the cost-
benefit ratio of screening was estimated to be 10 to 1 and
12 to 1, respectively (7). In the Iranian national program
for 'meonatal screening', the best time for sampling and
treatment initiation was determined to be 3-5 days after
birth and during the neonatal period (until 28 days after
birth), respectively (2). A study on the treatment of pa-
tients with hypothyroidism showed that patients treated in
the first 20 days after birth had a higher average 1Q score
than those treated later (8). According to the inverse rela-
tionship between the age of diagnosis and treatment of
patients and the decrease in 1Q of patients with an average
of 89 to 54 points, based on studies conducted in Sweden,
the importance of screening and timely treatment of pa-
tients is clearly defined (9).

Quality improvement models in health services provide
safe, timely, efficient, and effective services. One of the
models of quality improvement in healthcare is the 6 Sig-
ma model (10).

Six Sigma is a systematic and statistical approach aimed
at specifying defects of processes and reducing errors in
business and clinical processes gone through by spending
a long time and high costs with poor outcomes. Six Sigma
has been introduced as a systematic and powerful ap-
proach to achieving improvements in the quality of health
and treatment services as well as cost control (11).

Healthcare research shows that Six Sigma is able to re-
duce the length of stay (LOS) among patients, bed turno-
ver time (12-14), costs (12, 14, 15), and mortality (12). In
addition, it enhances the use of resources (15, 16), patient
satisfaction (15), as well as performance indices of the
operating room (12) .According to the results of similar
research and given the importance of reducing screening
and initiation delays in treating infants with congenital
hypothyroidism, this study was conducted to reduce
treatment initiation delays in the population selected from
Samen Health Center located around Razavi holy shrine,
Mashhad. The mentioned center is one of the five centers
in Mashhad, with a population of 98,000. About 30 mil-
lion pilgrims travel to this city every year. In addition,
seven urban health care centers with 20 health posts, 12
hospitals, about 500 doctors' offices, infirmaries, clinics,
and private laboratories are covered and supervised by this
center. The results of this study could be effective in re-
ducing the screening time, initiation time of treating iden-
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tified patients as well as consequences of delayed treat-
ment among patients such as growth and development
problems, thereby decreasing the burden of the disease.

Methods

In this quasi-experimental study, all infants born from
March 20, 2017, to March 19, 2018 (4,574 cases), who
referred to hospitals, urban health centers, and health posts
affiliated to Samen Health Center of Mashhad were
screened. Infants who had moved to another area or had
died during the study period were excluded. The reason
for selecting this center was the variety of sampling units,
including government, charity and private. Also, the na-
tive population and other nationalities resided in this area.
In addition, data were collected using the standard sam-
pling form of the national screening program for congeni-
tal hypothyroidism. The intervention was performed based
on the five steps of Six Sigma DMAIC (17) as follows:

First step (description phase): At this stage, the process
of discharging newborn infants from hospitals until treat-
ment initiation, in case they were ill, was drawn with the
participation of process owners at urban health centers,
health posts, hospitals, and reference laboratories, and the
process was observed. Next, the drawn process was con-
firmed by the process owners Figure 1.

Second step (measurement phase): At this stage, the
duration of the whole process and each of the stages of the
process were determined. For this purpose, times recorded
in the screening forms, the registration portal of samples
taken, and treatment records of the patients were extract-
ed, using which the Sigma level, mean, and standard devi-
ation of the processing time were separately calculated by
the sampling time, test response time, and treatment initia-
tion time.

Third step (analysis phase): At this stage, the causes of
the problem (delays in initiating the treatment) were de-
termined by drawing the Ishikawa diagram. The brain-
storming session was attended by sample collectors, sam-
ple carriers (people in charge of the collection, quality
control, and dispatching of the samples to the central la-
boratory), central laboratory staff, program focal points (a
pediatric specialist serving as a university faculty member,
a consultant physician, and experts of treating patients
with congenital hypothyroidism), and disease experts (in-
dividuals with their education and activities being in the
field of diseases). Next, a solution was produced for each
of the problems through brainstorming. To formulate final
proposals, seven experts with at least three years of expe-
rience in the relevant field were asked about the im-
portance of each item using the five-point Likert scale,
which ranged from score 1 for low importance to score 5
for highly important. Accordingly, proposals with an av-
erage score of above 4 were included in the study. In the
end, nine proposals were selected for the intervention.
Besides, the AHP technique was used to determine and
prioritize the intervention. Four criteria, including effec-
tiveness, practicality, cost efficiency, and shortness of the
intervention time, were regarded as criteria for comparing
proposals. Four people were selected as voters, and the
Fundamental scale of Saaty was used in comparative scor-
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Fig. 1. Process of screening of infants and treatment of patients with congenital hypothyroidism

ing as a standard scale to determine the weight of each of
the 9 options (18).

The number on the diameter of the matrix was 1, which
indicated the same importance of each option compared to
itself. After collecting the questionnaires, the incompati-
bility rate of the comparisons was determined as follows:

First of all, the weighted sum vector (WSV) was calcu-
lated by multiplying the paired comparison matrix (D) by
the relative weight vector as follows:

WSV =D.W

Next, WSV clements were divided by the relative
weight vector, which is called the compatibility vector
(CV).

Additionally, the largest specific value of the paired
comparison matrix (Amax) was calculated. To calculate
Amax, the mean of compatibility vector elements was cal-
culated. In addition, the incompatibility index was calcu-
lated as follows:

C.l.= W—_n
n—
To calculate the incompatibility rate (IR), the following

formula was used:

CR_CL
"R

Next, the random inconsistency index (I.R.I) was ex-
tracted from the random inconsistency table that was
based on the simulation.

After making sure that the incompatibility index was
acceptable (less than 0.1) following comparing the pair
and given the higher weight of the comments of one of the

members, we calculated its geometric mean for combining

judgments based on the following formula:
1/N

!
!
C_lij = (1_[ aij""k> , N = Wi
ol k=1

To prioritize the options, the tables were normalized ac-

cording to the following formula:
o a; j
Y Z?;1 aiJ'

At the final stage of the hierarchical analysis, to deter-
mine the best options in order of priority, normalized val-
ues of the normalized paired comparison table were mul-
tiplied by the corresponding mean values of the criteria,
and the final table was obtained (18). Expert Choice V11
was used to do all calculations.

Fourth step (improvement phase): In order to follow
the designed steps, an action plan was developed. In addi-
tion, the required steps for each specified intervention, as
well as the person in charge of the steps, were specified.
Next, the program was notified by the head of the health
center, and its progress was assessed based on the deter-
mined indices during a three-month period.

Fifth step (control phase): At this stage, i.e., one year
after starting the intervention, the mean times of receiving
the first and second samples, test results, and treatment
initiation were calculated once more to determine the in-
tervention impact, according to the steps of the first stage.
Data analysis was performed by a paired sample t-test in
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SPSS 18.0. In addition, p-values less than 0.05 were con-  was drawn after determining the sampling process for

sidered significant.
Results

treating patients. After brainstorming, the major and minor
causes of treatment delays were extracted by nine people

The results of this study are presented in three sections ~ from among the owners of the process, with its fishbone

as follows: diagram drawn in Figure 2.
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Fig. 2. Fishbone diagram of delayed treatment of patients with
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archical prioritization tree of evaluation indices was drawn
as follows in the next part, Figure 3.

Next, the options selected by the members were com-
pared in pairs, and the following Table | was produced by
applying the importance of the members' opinions (nor-
malization).

After the pairwise comparison of the importance of the
criteria and considering the weights of the members'
comments, the following Table 2 was obtained.

After the calculation, the final Table 3 was produced by
applying coefficients of the criteria in the options.

Table 1. Pair comparison of items

According to the table above, the three options with the
highest weight were prioritized for the intervention.

Intervention results: The total number of the screened
infants was 4,574, of whom 2,346 were boys. According
to Table 4, the mean time of the first sampling task de-
creased from 4.68 days before the intervention to 4.39
days after the intervention. In addition, the mean time of
the second sampling task decreased from 18.97 days (be-
fore the intervention) to 13.52 days (after the interven-
tion); similarly, the time interval between the sampling
task and treatment initiation decreased from 21.72 days

Intervention

Factors

Normalized values

Normalized short-

Normalized possibility Normalized low-cost

of effectiveness intervention values values related values
Increasing the number of sample 0,075294617 0,112482899 0,059665257 0,044878254
collectors in sampling units
Increasing the working hours of the 0,030573567 0,031971772 0,037070264 0,027461358
sampling units
Providing services to infants out of 0,056920962 0,096205326 0,086935496 0,049027495
line
Determining only one neonatal 0,171707688 0,113999686 0,200212992 0,137397247

specialist as a fixed focal point and
determining a fixed reference labor-

atory

Retraining sample collectors to 0,086974996
reduce return samples
Determining a fixed vehicle for 0,212546371

receiving and sending samples
Determining specific sampling unit
in order to obtain the sample during
the holidays

Determining the order point of
sampling items separately by sam-
pling units with a one-month depot
Increasing sampling units

0,139040218

0,080399323

0,146542181

0,162446608
0,123935579

0,134574562

0,078156566

0,146227002

0,114166179 0,210012247

0,193842013 0,175121702

0,130493835 0,114464305

0,074532579 0,066104039

0,103081386 0,175533355

Table 2. Pair comparison of factors

Factors Effectiveness possibility Low cost Short intervention Mean
Effectiveness 0,529758 0,570582 0,454728 0,441844 0,499228
possibility 0,28587 0,3079 0,395647 0,394966 0,346096
Low cost 0,092186 0,06158 0,079129 0,086303 0,0798
Short intervention 0,092186 0,059938 0,070496 0,076887 0,074877
Table 3. The final table for intervention
Factors Final
Intervention Normalized values Normalized short- Normalized pos- Normalized low- score
of effectiveness intervention values sibility values cost related values

Determining a fixed vehicle for receiving 0,106109107 0,009279914 0,06708785 0,013974631 0,196452
and sending samples
Determining only one neonatal specialist 0,085721291 0,008535945 0,069292818 0,010964237 0,174514
as a fixed focal point and determining a
fixed reference laboratory
Increasing sampling units 0,073157965 0,010949027 0,035676005 0,014007481 0,13379
Determining specific sampling unit in 0,069412775 0,010076528 0,04516333 0,009134199 0,133787
order to obtain the sample during the
holidays
Retraining sample collectors to reduce 0,043420356 0,012163501 0,039512402 0,016758881 0,111855
return samples
Determining the order point of sampling 0,040137596 0,005852123 0,025795391 0,005275072 0,07706
items separately by sampling units with a
one-month depot
Increasing the number of sample collectors 0,037589184 0,008422373 0,020649877 0,003581264 0,070243
in sampling units
Providing services to infants out of line 0,02841654 0,007203558 0,030087985 0,003912371 0,06962
Increasing the working hours of the sam- 0,015263182 0,002393948 0,012829852 0,002191404 0,032678
pling units
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Table 4. Comparison of the time of each one of sampling steps before and after intervention

Time (in days) Period Number of samples Mean Variance P value
First time sampling Before model implementation 3362 4.679 3.087 <0.001
After model implementation 4392 4.39 2.833
Second time sampling Before model implementation 197 18.969 9.796 <0.001
After model implementation 182 13.522 3.59
Treatment onset Before model implementation 11 21.72 7.72 <0.049
After model implementation 17 17.41 6.47
Table 5. Comparing the sigma level of the first sampling turn and treatment onset
Period DPMO Sigma level
First turn of sampling Before model implementation 189797 2.38
After model implementation 175214 243
Treatment onset Before model implementation 181818 2.41
After model implementation 58824 3.06

(before the intervention) to 17.41 days (after
the intervention).

Upon implementing the Six Sigma model, the sigma
level of the time of the first sampling task and the treat-
ment improved (Table 5).

Discussion

This study aimed to investigate the effects of the Six
Sigma model on reducing the treatment initiation time in
patients with congenital hypothyroidism. According to the
findings of this study, the implementation of the Six Sig-
ma model reduced the first and second screening time in
neonates, thereby resulting in a reduction in the treatment
initiation time among patients. This reduction in the
treatment time resulted in a higher percentage of patients
receiving treatment in the neonatal period.

No similar studies have been conducted to compare the
results of this study with those of other studies. However,
other interventions have been made to reduce hospitaliza-
tion and waiting time. The experience of the Dutch Red
Cross Hospital showed that Six Sigma could produce sig-
nificant results in less than 6 months. Three instances of
success for this model occurred in the operating room,
during the postpartum stay, and after the antibiotic use.
The length of stay decreased after the implementation of
this model (12). In a study conducted in Jordan entitled
'reducing the waiting time at an emergency department
using Six Sigma' at a 273-bed hospital, the implementa-
tion of the Six Sigma model decreased the average waiting
time and length of stay for 33.21+15.77 and 84.49+26.66
minutes, respectively. In addition, this study showed that
the implementation of this model reduced the length of
stay and the waiting time by 34% and 61% without adding
personnel, respectively. After adopting this approach, the
sigma level of the waiting time improved from 0.66 to 5.8,
and that of the length of stay increased from 0.58 to 3.09
(16). Another study was conducted aimed at increasing the
quality of trauma care services and improving the dis-
charge method using the Six Sigma model at the Trauma
Center of the Groningen University in 2008. In this study,
the average length of stay at the beginning of the project
was 10.4 days before the intervention, which was reduced
to 8.5 days after the intervention. In addition, the average
length of stay for all the patients (surgery and trauma) was
2.9 days shorter than that before the intervention. In addi-

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (21 Sep); 35:121.

6

tion, the average length of stay in trauma patients de-
creased from 11.8 to 8.5 days (19). Another study showed
that intervention in the workflow process reduced the
waiting time for triage and scheduled visits (20).

A study conducted to reduce the time of discharge of
patients in the emergency department of the hospital
showed that a series of six-sigma interventions within 10
months reduced the average length of stay of patients from
3.4 days to 3.1 days after the intervention. The time of
discharge process was reduced from 2.2 hours to 1.7 hours
after the intervention, and the length of stay of hospital-
ized patients in the post-intervention period was reduced
from 6.9+7.8 hours to 5.9+7.7 hours (21).

Such a decrease in time after the intervention indicates
the consistency of the results of these studies with those of
the present study.

In the present study, the Six Sigma model was used for
the first time to reduce treatment delays in neonates with
congenital hypothyroidism. In addition to the health units,
the present study made the intervention at hospitals, cen-
tral laboratories, and referral-second-level, i.e., neonatal
specialists, involved.

Research limitations

This study was a case study with its results being proba-
bly valid only under conditions of the project research.
Therefore, its results should be generalized to other envi-
ronments inside or outside Iran with caution.

Conclusion

Six Sigma could be used as an intervention tool for im-
proving indices of health intervention processes. When
using this model, enough attention should be paid to the
intervention subject and conditions of the intervention
environment. In fact, the final decision about the effects of
this model in different environments needs conducting
further research on this subject.
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