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Therapeutic plasma exchange in Graves’ disease – A Case Report
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Therapeutic plasma exchange (TPE) is one possible treatment for patients 
resistant to conventional antithyroid drugs or requiring urgent attention for 
thyrotoxicosis. We report a 26-yr-old man with thyrotoxicosis, ultimately 
attributed to Graves’ disease in whom antithyroid drug used initially was soon 
discontinued, due to agranulocytosis. Due to the agranulocytosis, antithyroid 
drugs were not an option, so radioactive iodine (RAI) treatment was the next 
resort. Unfortunately, the free thyroid hormone level was still elevated and 
euthyroid state was required prior to RAI treatment, so another strategy was 
needed to correct the thyroid function. So, we performed TPE to control the 
thyrotoxicosis. 
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INTRODUCTION
Hyperthyroidism is characterized by the excessive 
production and persistent release of thyroid 
hormones, whereas thyrotoxicosis denotes medical 
conditions resulting from the increased impact of 
thyroid hormones on tissues1.The standard manage-
ment of Hyperthyroidism incorporates three prima-
ry options: antithyroid drugs, radioactive iodine 
(RAI) therapy, and thyroidectomy2.Any one of these 
modalities can be implemented, depending on the 
patient's preference and/or the physician's experi-
ence, according to the American Thyroid Associa-
tion and American Association of Clinical Endocri-
nologists' guidelines. However, a recent systematic 
review suggests that surgery might be the most 
effective option based on particular outcomes2,3.
In Asia and Europe, antithyroid medications are 
given preference as the initial treatment for Graves' 
disease (GD). However, extensive associated 
adverse effects (i.e., agranulocytosis or hepatotoxic-
ity) may occur, necessitating the cessation of these 
medications and the consideration of RAI therapy or 
surgical intervention2,3. To prevent potential transi-
tory exacerbation of thyrotoxicosis during or 
following RAI or surgery, it is essential for thyroid 

function to be at or near normal, necessitating 
supplementary therapy of thyrotoxicosis. Iodine 
solution is the most used adjuvant in this situation 
and is typically efficient in stabilizing thyroid func-
tion2. However, its effects are frequently ephemeral, 
and a phenomenon of escape may arise with 
prolonged usage. In individuals resistant to iodine 
solution, particularly those necessitating immediate 
surgery or at danger of organ failure due to thyrotox-
icosis, an alternative method is required for effec-
tive management of thyroid function. The elimina-
tion of circulating thyroid hormone through thera-
peutic plasma exchange (TPE) has been document-
ed as a beneficial adjuvant in these cases. 
We presented a case of a patient with Graves' 
disease who received successful sequential TPE and 
RAI. The effectiveness of TPE as a supplementary 
treatment in the management of GD is also exam-
ined.

CASE DESCRIPTION
A 26-year-old male patient had been diagnosed with 
Graves ’disease about 1 years ago and treated with 
maximum dose of carbimazole. Upon further enqui-

ry, the patient admitted in Dhaka Medical College 
Hospital with a history of weight loss, palpitations, 
tremors, and lack of sleep. Vital signs showed a 
heart rate of 130/minute, blood pressure of 
140/70mmHg, respiratory rate of 18/minute, and 
temperature of 98.8. Examination revealed an 
anxious patient with bilateral lid lag, large smooth 
goiter with a thyroid bruit, and tremors of upper 
extremities. Laboratory assessment revealed a 
suppressed TSH, high free T4(>3.43ng/dl), free 
T3(>22.8pg/ml), positive anti-thyrotropin receptor 
antibodies (TRab), and thyroid stimulating immu-
noglobulin (TSI). Thyroid study shows thyromega-
ly with uniform increased traced uptake.  But unfor-
tunately, patient was developed agranulocytosis and 
diagnosed as a carbimazole induced agranulocyto-
sis. Due to the agranulocytosis, antithyroid drugs 
were not an option, so RAI treatment was the next 
resort. Unfortunately, the free thyroid hormone 
level was still elevated and euthyroid state was 
required prior to RAI treatment, so another strategy 
was needed to correct the thyroid function.
Then patient was referred to transfusion medicine 
for therapeutic plasma exchange to control hyper-
thyroidism. Consequently, 3 courses of TPE were 
performed via right femoral vein catheterization. 
We used the MCS+ apheresis machine for 
exchange, and 1 volume of plasma exchange was 
done every alternate day, and 5% albumin was used 
as a replacement fluid. The patient responded well 
to TPE (Table 1) with no complications observed 
following TPE and successfully received RAI.

Table 1: Investigation Reports

 Before After 1st After2nd After3rd 
 TPE  Session  Session Session

FT3 >22.8 pg/ml >20pg/ml >19pg/ml >19pg/ml

FT4 >6.99 ng/dl >3.43 ng/dl >3.23 ng/dl >3.03 ng/dl

TSH-R positive
Antibody

Thyroid   Thyromegaly with uniformly increase tracer uptake
Study

DISCUSSION
Thyroxine (T4) exhibits the highest concentration 
of iodothyronines in plasma and is solely 
synthesized by the thyroid; triiodothyronine (T3) is 
predominantly generated (about 80%) from 
peripheral tissues through the deiodination of T4. 
T4 is approximately 68% bound to thyroxine 
binding globulin (TBG), 11% to transthyretin, and 
20% to albumin. T3 is 80% linked to 
thyroxine-binding globulin (TBG), 9% to 
transthyretin, and 11% to albumin. The significant 
protein binding facilitates the elimination of thyroid 
hormones during TPE 4.
TPE is an extracorporeal blood purification method 
utilized for the removal of big molecular substances 
from plasma5. Unlike dialysis, which is incapable of 
removing protein-bound compounds, TPE can 
effectively eliminate them6. The procedure entails 
circulating the patient's blood through a medical 
apparatus to separate the plasma, which is 
subsequently replaced with a colloid (albumin or 
plasma) or a mixture of crystalloid and colloid. TPE 
eliminates protein-bound thyroid hormones; the 
colloid utilized to substitute the plasma offers new 
binding sites for thyroid hormones, which are 
subsequently removed in the following TPE 
session7. In addition to thyroid hormones, TPE may 
facilitate the elimination of cytokines, deiodinase 
enzymes, and Graves' antibodies, contributing to the 
remission of thyrotoxicosis, Graves' 
ophthalmopathy, and pretibial myxedema8.
The application of TPE for the management of 
thyrotoxicosis was initially documented in the 
1970’s9. Three thyrotoxic patients, unresponsive to 
conventional antithyroid medications, exhibited 
favorable outcomes following therapeutic plasma 
exchange and subsequently received radioactive 
iodine therapy. Similarly, refractory thyrotoxicosis 
was a principal indication for therapeutic plasma 
exchange in previous studies3,10,11. Two to five 
sessions of TPE were given to individuals with GD 
or toxic nodular goiter when thyroidal 
hyperfunction was not regulated by antithyroid 
medications. TPE was used in certain cases when 
antithyroid medications were contraindicated due to 

undesirable effects such as agranulocytosis or 
hepatotoxicity11-13.
A retrospective multicenter study explored the 
effects of TPE in a large group of thyrotoxic patients 
10. Administration of TPE to 22 patients with 
thyrotoxicosis, comprising 9 with Graves disease 
and 13 with toxic nodules, resulted in clinical 
improvement in the majority (20/22; 91%). A mean 
of four TPE courses (range, 2-9 courses) were 
conducted prior to the initiation of RAI therapy or 
surgery, resulting in a 41.7% decrease in free T4 
levels. Our patient displayed a modest reduction in 
free T4 level after the three courses of TPE (43.34% 
reduction in free T4 from pre-TPE baseline).
Patients should often achieve a euthyroid state prior 
to RAI therapy or surgery to mitigate the adverse 
effects of hyperthyroidism14-16. TPE may serve as a 
secondary therapy when thyrotoxicosis is 
unmanageable through medical means or when 
immediate symptomatic relief is required. The 
patient was approved for TPE as there were no 
obvious contraindications, including hemodynamic 
instability, active infection, bleeding propensity, or 
allergic reactions to FFP or albumin17. Ultimately, 
RAI treatment was conducted as scheduled, despite 
the thyroid hormone levels remaining abnormal. He 
had no symptoms associated with thyrotoxicosis, 
and his thyroid hormone levels were not elevated 
(i.e., above three times the upper normal range); 
hence, RAI therapy was not contraindicated. 
Consequently, TPE facilitated the transition to RAI 
treatment without exacerbating thyrotoxicosis or 
inducing associated problems.

CONCLUSION
TPE serves as a valuable supplement in 
hyperthyroidism management, particularly in 
severe thyrotoxicosis cases with cardiac or 
neurological consequences, or when conventional 
antithyroid therapies are ineffective or 
inappropriate. TPE should be administered 
regularly until clinical improvement is observed. 
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OBJECTIVES
The objective of this study is to identify the gaps in 
the preanalytical phase of diagnostic services. It 
was aimed tominimize the errors by developing and 
implementing effective quality initiatives through-
out the hospital within the first quarter of 2024.  It 
was targeted to reduce sample rejection rate below 
2%, to reduce wrong investigation input rate below 
1% and to maintain sample transportation TAT for 
impatient unit within 120 minutes and for sample 
collection unit within 60 minutes and increase user 
satisfaction rate by 10%.

METHODOLOGY
Activity
Hospital wide quality improvement project was 
initiated from August 2023 and continued till Octo-

ber 2023. A multidisciplinary team was formed 
engaging delegates from Quality Assurance, Labo-
ratory medicine, Medical, Nursing and Information 
technology (IT) departments. Retrospective data 
was collected from February to July 2023. In this 
time frame a total of 561954 tests were performed. 
Among them 115 samples were rejected due to vari-
ous factors listed in (Table 1) and it was observed 
that the average sample rejection rate was 2.56%.  A 
total of 139 wrong inputs were given in HIS (Hospi-
tal Information System) for laboratory test and 
investigation order error rate was 1.65% from 
February to July 2023. An internal audit was 
conducted by the quality assurance along with labo-
ratory department to monitor sample transportation 
time. In January 2023, 260 samples (per day 10 
samples) were tracked in multiple locations of the 

analysis to find the root cause of the problem such 
as Fishbone diagram, Pareto chart, Flow chart 
(Figure 3 & 4). 

Initiatives
Below mentioned effective quality initiatives were 
taken by project team members with the help of 
relevant departments and implemented throughout 
the hospital such as:
• Order of Draw/ Phlebotomy protocol poster 

was created and made available in all nurse 
stations and sample collection unit to avoid any 
sample collection related error (Figure 5)

• Vacutainers details (appropriate name & clour 
of the vacutainers) were incorporated in hospital 
information system with the help of the IT 
department, so that staff can choose appropriate 
container for specimen collection.

• Investigation input access was restricted to 
physicians only, to avoid Inappropriate test 
ordered.

• Level wise dedicated patient care attendants 
for sample transportation for admitted patients. 
Ensured hourly dispatch of specimens from the 
sample collection unit by dedicated PCA for   
OPD patients. 

• Single point sample receiving area in the 
laboratory to receive and verify the samples.

• Introduce Lab Register and ensure proper 
recording of samples. Laboratory staffs 
document after receiving & verifying the 
samples.

• Strengthening training & refreshers training 
for nurses regarding sample collection process 
by laboratory physician

RESULTS
The new process was monitored for 6 months from 
November 2023 to April 2024, and below 
mentioned outcomes were observed.
• Reduced sample rejection rate from (2.56% to 

1.5%) (Figure 6a) as phlebotomy protocol poster 
was created and made available in all nurse 
stations and sample collection units for staff 
educational purposes. “Vacutainers details” 
(appropriate name & color of the vacutainers) 
were also incorporated in hospital information 
system so that staff can choose appropriate 
container for specimen collection.

• Reduced wrong investigation input related error 
from 1.65% to 0.8% (Figure 6b) as Investigation 
input access was restricted. Now only physicians 
can access for investigation input in HIS. 

• Achieved sample transportation TAT 119.9 
minutes (Figure 6c) for inpatient department, by 
ensuring Level wise dedicated patient care 
attendants for sample transportation for 
admitted patients. 

• Maintaining sample transportation TAT 59.2 
minutes (Figure 6c) for sample collection 
department by ensuring hourly dispatch of 
specimens by dedicated patient care attendants 
from the sample collection unit.

• Increase user satisfaction rate 10% by reducing 
delay as introduced single point sample 
receiving area in the laboratory to receive and 
verify the samples and quickly prepare the 
sample for test and introduced Lab Register for 
user department to avoid loss and misplaced of 
samples.

DISCUSSION
Now a days, Clinical care is inevitably dependent 
on laboratory results for diagnosis, prognosis 
and/or treatment decisions. Delayed, incorrect or 
missed diagnosis can prolong illness and 
sometimes cause disability or even death. Correct 
and timely diagnosis is the first step to preventative 
interventions and effective treatment. The 
accuracy, precision, and speed of laboratory testing 
are vital components of clinical care. A diagnostic 

error is the failure to establish a correct and timely 
explanation of a patient’s health problem, which 
can include delayed, incorrect, or missed 
diagnoses, or a failure to communicate that 
explanation to the patient4. The magnitude of 
diagnostic errors is profound, accounting for nearly 
16% of preventable patient harm in all healthcare 
settings5. Laboratory testing is a highly complex 
and multistep process. There are three phases of 
Laboratory testing process6 such as
• Preanalytical phase. Selecting the appropriate 

test, obtaining the specimen, labeling it with the 
patient’s name, providing timely transport to 
the laboratory, registering receipt in the 
laboratory, and processing before testing.

• Analytical phase. Performing the test and 
interpreting the result.

• Postanalytical phase. Preparing a report 
detailing the result and its interpretation, 
authorizing the report, and transmitting the 
report to the clinician so that the clinician can 
institute appropriate action.

Clinical laboratories have long focused their 
attention on quality control methods and quality 
assessment programs dealing with analytical aspects 
of testing. Therefore, errors inside the clinical lab 
have decreased significantly over recent years due to 
the increasing automation of laboratory processes. 
The more recent surveys on errors in laboratory 
medicine conclude that mistakes originate more 
frequently in the pre-analysis stages outside of the 
laboratory. According to ISO 15189:2007, 
pre-analytical components are defined as steps 
“beginning with the clinician's request and including 
the examination requisition, patient preparation, 
collection of the primary sample, transportation to 
and inside the laboratory, and ending when the 
analytical examination procedure begins”7. Each of 
these steps are inclined to errors that can occur at any 
stage, which can potentially generate erroneous 
results and finally endanger patient safety. Errors 
that occur during the preanalytical phase can 
significantly impact the accuracy of test results and 
it starts with physician test request to the beginning 
of the analysis phase. Preanalytical errors can 

happen both within the laboratory and outside the 
direct control of the laboratory such as:
Outside the laboratory:
• Incorrect test requests
• Patient misidentification
• Poorly labelled containers
• Using inappropriate containers
• Issues with sample collection and transportation
• Inadequate sample volume ratio or insufficient 

sample volume
• Collecting a specimen from an infusion route.

Within the laboratory:
• Errors in the sorting and routing of specimens
• Mistakes in transferring samples between 

containers (pour-off errors)
• Labelling inaccuracies
Safe care begins with proper identification of the 
patient. Incorrect patient identification causes diag-
nosis error and may result in patient harm. Accord-
ing to International Patient Safety Goals, Joint 
Commission International, Patients need to be iden-
tified before performing diagnostic procedures and 
at least two patient identifiers are required to identi-
fy the patient and to label the elements associated 
with the patient’s care and treatment plan8. ID band 
containing Full name and Unique Hospital Identifi-
cation Number (UHID) are used as a patient identi-
fier in Evercare hospital Dhaka. EHD provides 
wrist band to all patients both in IPD and OPD 
settings. Staff identify the patient with two identifi-
ers before performing diagnostic procedures and 
providing treatment. Proper sample collection and 
handling is an integral part of a valid laboratory test 
result. Specimens must be obtained using proper 
phlebotomy techniques. There were many incidents 
reported regarding sample rejection due to inappro-
priate techniques being used or insufficient samples 
being collected etc. All blood collection tubes must 
be filled to the FILL LINE to prevent dilution of 
blood components. It is important to draw the 
correct amount of blood (fill the tube up to FILL 
LINE) to obtain the proper ratio of anticoagulant to 
blood. Therefore “Order of Draw” / Phlebotomy 

protocol poster was created and made available in 
all nurse stations and sample collection unit to miti-
gate sample collection related error. Nursing staff, 
mostly new nurses of Evercare Hospital Dhaka 
complained about facing difficulties to choose 
correct vacutainer for the samples. They must 
contact lab personnel to confirm the correct 
vacutainer for the specimen. It was time consuming 
and difficult to reach lab personnel.  With the help 
of the IT department “Vacutainers details” were 
incorporated in hospital information system (HIS) 
so that staff can choose correct container for speci-
men to avoid any error. Appropriate name & colour 
of the vacutainers are visible in system when inves-
tigation order is placed in hospital information 
system (HIS). Sample shall be properly labeled and 
identified prior to transportation. All specimens 
received in the laboratory must have a permanently 
attached label with a minimum of the following 
information in the form of a computer-generated 
label:
• Patient's name 
• Medical Record Number or UHID number
• Lab Id or Bill no.
• Date and time of collection
The integrity of samples is time-sensitive, and they 
need to be analyzed within a certain period. Proper 
precautions should follow to maintain the integrity 
of samples at all stages of transportation. Prolonged 
turnaround time causes delayed diagnosis and treat-
ment. It may extend hospital stay and increase the 
cost of health care. Few initiatives were taken to 
minimize the sample transportation delay. It was 
decided that samples should be transported to the 
respective laboratory by the assigned personnel 
within 2 hours after collection.  For In patient 
department level wise dedicated patient care atten-
dants were assigned to maintain thecompliance. For 
outpatient department samples are dispatch hourly 
by dedicated patient care attendants to maintain the 
sample transportation time within 60 minutes. The 
sample shall be transported in proper containers 
with special precaution for leaks, breaks and spill-
age. Lab Register is introduced to avoid loss and 
misplaced samples. Laboratory staff ensure proper 

documentation after receiving & verifying the sam-
ples. In Evercare hospital, there are six different 
clinical laboratories. Patient care attendant (PCA) 
distributed all the samples to different laboratories 
which is one of the contributing factors for transpor-
tation delay. There is no dedicated place to receive 
the samples.
Single point sample receiving area in the laboratory 
is selected to receive and verify the samples to avoid 
extra time.   Training regarding phlebotomy protocol 
should be conducted on a regular basis to minimize 
error in preanalytical phase of laboratory testing 
process.

CONCLUSION
Laboratory testing is a complex process. Accurate 
performance of all the steps included test ordering, 
sample collection, identification, transport, sample 
preparation, analysis, test reporting, interpretation 
and action is essential to ensure safe patient care. 
Unfortunately, each of these steps is vulnerable to 
errors, which finally jeopardize patient safety. 
Training, supervision,continuous monitoring of 
quality measures also helps to minimize the chances 
of laboratory error significantly. Modern laborato-
ries should voluntarily obtain accreditation from 
national or international regulatory agencies to 
maintain the standards for test results. Country’s 
laws and regulations should follow to avoid any 
legal consequences. Correct and timely diagnosis is 
the first step to preventive intervention and effective 
treatments. So, this year world health organization 
(WHO) selected the theme for world patient safety 
day 2024 is “Improving diagnosis for patient 
safety” with the slogan “Get it right, make it safe!” 
highlighting the critical importance of correct and 
timely diagnosis in ensuring patient safety and 
improving health outcomes.  On 17th Septem-
ber,2024 Evercare hospital Dhaka celebrated World 
Patient Safety Day, to raise awareness and foster 
collaboration between patients, health workers, 
policymakers and health care leaders to improve 
diagnosis for patient safety. The role of laboratory 
medicine is indispensable for the healthcare indus-
try. It is a fundamental component for delivery of 

safe and quality care to the patient. Strong leader-
ship, qualified staff, modern automated equipment, 
well-defined standards, training, and responsibili-
ties are required for further developments in the 
clinical laboratories. Together we can make health 
care safer for everyone.

LIMITATIONS
Despite recent developments, there are still many 
challenges. It is difficult to maintain the proper 
sample collection process due to higher staff attri-
tion rates, especially for nursing staff. Clinical 
correlations with laboratory reports are not possible 
sometimes due to unavailability of electronic medi-
cal records.Lot of manual work is done which 
increases the chances of error.
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INTRODUCTION
Hyperthyroidism is characterized by the excessive 
production and persistent release of thyroid 
hormones, whereas thyrotoxicosis denotes medical 
conditions resulting from the increased impact of 
thyroid hormones on tissues1.The standard manage-
ment of Hyperthyroidism incorporates three prima-
ry options: antithyroid drugs, radioactive iodine 
(RAI) therapy, and thyroidectomy2.Any one of these 
modalities can be implemented, depending on the 
patient's preference and/or the physician's experi-
ence, according to the American Thyroid Associa-
tion and American Association of Clinical Endocri-
nologists' guidelines. However, a recent systematic 
review suggests that surgery might be the most 
effective option based on particular outcomes2,3.
In Asia and Europe, antithyroid medications are 
given preference as the initial treatment for Graves' 
disease (GD). However, extensive associated 
adverse effects (i.e., agranulocytosis or hepatotoxic-
ity) may occur, necessitating the cessation of these 
medications and the consideration of RAI therapy or 
surgical intervention2,3. To prevent potential transi-
tory exacerbation of thyrotoxicosis during or 
following RAI or surgery, it is essential for thyroid 

function to be at or near normal, necessitating 
supplementary therapy of thyrotoxicosis. Iodine 
solution is the most used adjuvant in this situation 
and is typically efficient in stabilizing thyroid func-
tion2. However, its effects are frequently ephemeral, 
and a phenomenon of escape may arise with 
prolonged usage. In individuals resistant to iodine 
solution, particularly those necessitating immediate 
surgery or at danger of organ failure due to thyrotox-
icosis, an alternative method is required for effec-
tive management of thyroid function. The elimina-
tion of circulating thyroid hormone through thera-
peutic plasma exchange (TPE) has been document-
ed as a beneficial adjuvant in these cases. 
We presented a case of a patient with Graves' 
disease who received successful sequential TPE and 
RAI. The effectiveness of TPE as a supplementary 
treatment in the management of GD is also exam-
ined.

CASE DESCRIPTION
A 26-year-old male patient had been diagnosed with 
Graves ’disease about 1 years ago and treated with 
maximum dose of carbimazole. Upon further enqui-

ry, the patient admitted in Dhaka Medical College 
Hospital with a history of weight loss, palpitations, 
tremors, and lack of sleep. Vital signs showed a 
heart rate of 130/minute, blood pressure of 
140/70mmHg, respiratory rate of 18/minute, and 
temperature of 98.8. Examination revealed an 
anxious patient with bilateral lid lag, large smooth 
goiter with a thyroid bruit, and tremors of upper 
extremities. Laboratory assessment revealed a 
suppressed TSH, high free T4(>3.43ng/dl), free 
T3(>22.8pg/ml), positive anti-thyrotropin receptor 
antibodies (TRab), and thyroid stimulating immu-
noglobulin (TSI). Thyroid study shows thyromega-
ly with uniform increased traced uptake.  But unfor-
tunately, patient was developed agranulocytosis and 
diagnosed as a carbimazole induced agranulocyto-
sis. Due to the agranulocytosis, antithyroid drugs 
were not an option, so RAI treatment was the next 
resort. Unfortunately, the free thyroid hormone 
level was still elevated and euthyroid state was 
required prior to RAI treatment, so another strategy 
was needed to correct the thyroid function.
Then patient was referred to transfusion medicine 
for therapeutic plasma exchange to control hyper-
thyroidism. Consequently, 3 courses of TPE were 
performed via right femoral vein catheterization. 
We used the MCS+ apheresis machine for 
exchange, and 1 volume of plasma exchange was 
done every alternate day, and 5% albumin was used 
as a replacement fluid. The patient responded well 
to TPE (Table 1) with no complications observed 
following TPE and successfully received RAI.

Table 1: Investigation Reports

 Before After 1st After2nd After3rd 
 TPE  Session  Session Session

FT3 >22.8 pg/ml >20pg/ml >19pg/ml >19pg/ml

FT4 >6.99 ng/dl >3.43 ng/dl >3.23 ng/dl >3.03 ng/dl

TSH-R positive
Antibody

Thyroid   Thyromegaly with uniformly increase tracer uptake
Study

DISCUSSION
Thyroxine (T4) exhibits the highest concentration 
of iodothyronines in plasma and is solely 
synthesized by the thyroid; triiodothyronine (T3) is 
predominantly generated (about 80%) from 
peripheral tissues through the deiodination of T4. 
T4 is approximately 68% bound to thyroxine 
binding globulin (TBG), 11% to transthyretin, and 
20% to albumin. T3 is 80% linked to 
thyroxine-binding globulin (TBG), 9% to 
transthyretin, and 11% to albumin. The significant 
protein binding facilitates the elimination of thyroid 
hormones during TPE 4.
TPE is an extracorporeal blood purification method 
utilized for the removal of big molecular substances 
from plasma5. Unlike dialysis, which is incapable of 
removing protein-bound compounds, TPE can 
effectively eliminate them6. The procedure entails 
circulating the patient's blood through a medical 
apparatus to separate the plasma, which is 
subsequently replaced with a colloid (albumin or 
plasma) or a mixture of crystalloid and colloid. TPE 
eliminates protein-bound thyroid hormones; the 
colloid utilized to substitute the plasma offers new 
binding sites for thyroid hormones, which are 
subsequently removed in the following TPE 
session7. In addition to thyroid hormones, TPE may 
facilitate the elimination of cytokines, deiodinase 
enzymes, and Graves' antibodies, contributing to the 
remission of thyrotoxicosis, Graves' 
ophthalmopathy, and pretibial myxedema8.
The application of TPE for the management of 
thyrotoxicosis was initially documented in the 
1970’s9. Three thyrotoxic patients, unresponsive to 
conventional antithyroid medications, exhibited 
favorable outcomes following therapeutic plasma 
exchange and subsequently received radioactive 
iodine therapy. Similarly, refractory thyrotoxicosis 
was a principal indication for therapeutic plasma 
exchange in previous studies3,10,11. Two to five 
sessions of TPE were given to individuals with GD 
or toxic nodular goiter when thyroidal 
hyperfunction was not regulated by antithyroid 
medications. TPE was used in certain cases when 
antithyroid medications were contraindicated due to 

undesirable effects such as agranulocytosis or 
hepatotoxicity11-13.
A retrospective multicenter study explored the 
effects of TPE in a large group of thyrotoxic patients 
10. Administration of TPE to 22 patients with 
thyrotoxicosis, comprising 9 with Graves disease 
and 13 with toxic nodules, resulted in clinical 
improvement in the majority (20/22; 91%). A mean 
of four TPE courses (range, 2-9 courses) were 
conducted prior to the initiation of RAI therapy or 
surgery, resulting in a 41.7% decrease in free T4 
levels. Our patient displayed a modest reduction in 
free T4 level after the three courses of TPE (43.34% 
reduction in free T4 from pre-TPE baseline).
Patients should often achieve a euthyroid state prior 
to RAI therapy or surgery to mitigate the adverse 
effects of hyperthyroidism14-16. TPE may serve as a 
secondary therapy when thyrotoxicosis is 
unmanageable through medical means or when 
immediate symptomatic relief is required. The 
patient was approved for TPE as there were no 
obvious contraindications, including hemodynamic 
instability, active infection, bleeding propensity, or 
allergic reactions to FFP or albumin17. Ultimately, 
RAI treatment was conducted as scheduled, despite 
the thyroid hormone levels remaining abnormal. He 
had no symptoms associated with thyrotoxicosis, 
and his thyroid hormone levels were not elevated 
(i.e., above three times the upper normal range); 
hence, RAI therapy was not contraindicated. 
Consequently, TPE facilitated the transition to RAI 
treatment without exacerbating thyrotoxicosis or 
inducing associated problems.

CONCLUSION
TPE serves as a valuable supplement in 
hyperthyroidism management, particularly in 
severe thyrotoxicosis cases with cardiac or 
neurological consequences, or when conventional 
antithyroid therapies are ineffective or 
inappropriate. TPE should be administered 
regularly until clinical improvement is observed. 
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INTRODUCTION
Hyperthyroidism is characterized by the excessive 
production and persistent release of thyroid 
hormones, whereas thyrotoxicosis denotes medical 
conditions resulting from the increased impact of 
thyroid hormones on tissues1.The standard manage-
ment of Hyperthyroidism incorporates three prima-
ry options: antithyroid drugs, radioactive iodine 
(RAI) therapy, and thyroidectomy2.Any one of these 
modalities can be implemented, depending on the 
patient's preference and/or the physician's experi-
ence, according to the American Thyroid Associa-
tion and American Association of Clinical Endocri-
nologists' guidelines. However, a recent systematic 
review suggests that surgery might be the most 
effective option based on particular outcomes2,3.
In Asia and Europe, antithyroid medications are 
given preference as the initial treatment for Graves' 
disease (GD). However, extensive associated 
adverse effects (i.e., agranulocytosis or hepatotoxic-
ity) may occur, necessitating the cessation of these 
medications and the consideration of RAI therapy or 
surgical intervention2,3. To prevent potential transi-
tory exacerbation of thyrotoxicosis during or 
following RAI or surgery, it is essential for thyroid 

function to be at or near normal, necessitating 
supplementary therapy of thyrotoxicosis. Iodine 
solution is the most used adjuvant in this situation 
and is typically efficient in stabilizing thyroid func-
tion2. However, its effects are frequently ephemeral, 
and a phenomenon of escape may arise with 
prolonged usage. In individuals resistant to iodine 
solution, particularly those necessitating immediate 
surgery or at danger of organ failure due to thyrotox-
icosis, an alternative method is required for effec-
tive management of thyroid function. The elimina-
tion of circulating thyroid hormone through thera-
peutic plasma exchange (TPE) has been document-
ed as a beneficial adjuvant in these cases. 
We presented a case of a patient with Graves' 
disease who received successful sequential TPE and 
RAI. The effectiveness of TPE as a supplementary 
treatment in the management of GD is also exam-
ined.

CASE DESCRIPTION
A 26-year-old male patient had been diagnosed with 
Graves ’disease about 1 years ago and treated with 
maximum dose of carbimazole. Upon further enqui-

ry, the patient admitted in Dhaka Medical College 
Hospital with a history of weight loss, palpitations, 
tremors, and lack of sleep. Vital signs showed a 
heart rate of 130/minute, blood pressure of 
140/70mmHg, respiratory rate of 18/minute, and 
temperature of 98.8. Examination revealed an 
anxious patient with bilateral lid lag, large smooth 
goiter with a thyroid bruit, and tremors of upper 
extremities. Laboratory assessment revealed a 
suppressed TSH, high free T4(>3.43ng/dl), free 
T3(>22.8pg/ml), positive anti-thyrotropin receptor 
antibodies (TRab), and thyroid stimulating immu-
noglobulin (TSI). Thyroid study shows thyromega-
ly with uniform increased traced uptake.  But unfor-
tunately, patient was developed agranulocytosis and 
diagnosed as a carbimazole induced agranulocyto-
sis. Due to the agranulocytosis, antithyroid drugs 
were not an option, so RAI treatment was the next 
resort. Unfortunately, the free thyroid hormone 
level was still elevated and euthyroid state was 
required prior to RAI treatment, so another strategy 
was needed to correct the thyroid function.
Then patient was referred to transfusion medicine 
for therapeutic plasma exchange to control hyper-
thyroidism. Consequently, 3 courses of TPE were 
performed via right femoral vein catheterization. 
We used the MCS+ apheresis machine for 
exchange, and 1 volume of plasma exchange was 
done every alternate day, and 5% albumin was used 
as a replacement fluid. The patient responded well 
to TPE (Table 1) with no complications observed 
following TPE and successfully received RAI.

Table 1: Investigation Reports

 Before After 1st After2nd After3rd 
 TPE  Session  Session Session

FT3 >22.8 pg/ml >20pg/ml >19pg/ml >19pg/ml

FT4 >6.99 ng/dl >3.43 ng/dl >3.23 ng/dl >3.03 ng/dl

TSH-R positive
Antibody

Thyroid   Thyromegaly with uniformly increase tracer uptake
Study

DISCUSSION
Thyroxine (T4) exhibits the highest concentration 
of iodothyronines in plasma and is solely 
synthesized by the thyroid; triiodothyronine (T3) is 
predominantly generated (about 80%) from 
peripheral tissues through the deiodination of T4. 
T4 is approximately 68% bound to thyroxine 
binding globulin (TBG), 11% to transthyretin, and 
20% to albumin. T3 is 80% linked to 
thyroxine-binding globulin (TBG), 9% to 
transthyretin, and 11% to albumin. The significant 
protein binding facilitates the elimination of thyroid 
hormones during TPE 4.
TPE is an extracorporeal blood purification method 
utilized for the removal of big molecular substances 
from plasma5. Unlike dialysis, which is incapable of 
removing protein-bound compounds, TPE can 
effectively eliminate them6. The procedure entails 
circulating the patient's blood through a medical 
apparatus to separate the plasma, which is 
subsequently replaced with a colloid (albumin or 
plasma) or a mixture of crystalloid and colloid. TPE 
eliminates protein-bound thyroid hormones; the 
colloid utilized to substitute the plasma offers new 
binding sites for thyroid hormones, which are 
subsequently removed in the following TPE 
session7. In addition to thyroid hormones, TPE may 
facilitate the elimination of cytokines, deiodinase 
enzymes, and Graves' antibodies, contributing to the 
remission of thyrotoxicosis, Graves' 
ophthalmopathy, and pretibial myxedema8.
The application of TPE for the management of 
thyrotoxicosis was initially documented in the 
1970’s9. Three thyrotoxic patients, unresponsive to 
conventional antithyroid medications, exhibited 
favorable outcomes following therapeutic plasma 
exchange and subsequently received radioactive 
iodine therapy. Similarly, refractory thyrotoxicosis 
was a principal indication for therapeutic plasma 
exchange in previous studies3,10,11. Two to five 
sessions of TPE were given to individuals with GD 
or toxic nodular goiter when thyroidal 
hyperfunction was not regulated by antithyroid 
medications. TPE was used in certain cases when 
antithyroid medications were contraindicated due to 

undesirable effects such as agranulocytosis or 
hepatotoxicity11-13.
A retrospective multicenter study explored the 
effects of TPE in a large group of thyrotoxic patients 
10. Administration of TPE to 22 patients with 
thyrotoxicosis, comprising 9 with Graves disease 
and 13 with toxic nodules, resulted in clinical 
improvement in the majority (20/22; 91%). A mean 
of four TPE courses (range, 2-9 courses) were 
conducted prior to the initiation of RAI therapy or 
surgery, resulting in a 41.7% decrease in free T4 
levels. Our patient displayed a modest reduction in 
free T4 level after the three courses of TPE (43.34% 
reduction in free T4 from pre-TPE baseline).
Patients should often achieve a euthyroid state prior 
to RAI therapy or surgery to mitigate the adverse 
effects of hyperthyroidism14-16. TPE may serve as a 
secondary therapy when thyrotoxicosis is 
unmanageable through medical means or when 
immediate symptomatic relief is required. The 
patient was approved for TPE as there were no 
obvious contraindications, including hemodynamic 
instability, active infection, bleeding propensity, or 
allergic reactions to FFP or albumin17. Ultimately, 
RAI treatment was conducted as scheduled, despite 
the thyroid hormone levels remaining abnormal. He 
had no symptoms associated with thyrotoxicosis, 
and his thyroid hormone levels were not elevated 
(i.e., above three times the upper normal range); 
hence, RAI therapy was not contraindicated. 
Consequently, TPE facilitated the transition to RAI 
treatment without exacerbating thyrotoxicosis or 
inducing associated problems.

CONCLUSION
TPE serves as a valuable supplement in 
hyperthyroidism management, particularly in 
severe thyrotoxicosis cases with cardiac or 
neurological consequences, or when conventional 
antithyroid therapies are ineffective or 
inappropriate. TPE should be administered 
regularly until clinical improvement is observed. 
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Case Report 

INTRODUCTION
Knee dislocations combined with complex open 
fractures are rare but severe injuries1, often leading to 
long-term complications such as post-traumatic 
osteoarthritis (OA). Total knee replacement (TKR) is 
a widely used procedure for the treatment of Post 
Traumatic Osteoarthritis2. In this report, a 24-year-old 
male presented with a complex open fracture and 
knee dislocation, which, despite initial surgical 
intervention, developed into G-IV secondary OA with 
fixed flexion deformity (FFD) of the knee. The 
patient ultimately underwent total knee replacement 
(TKR) to restore function and relieve pain.

functional impairment. Radiographic assessment 
revealed secondary OA with joint space narrowing, 
osteophyte formation, and further deformity of the 
knee joint, which was significantly complicating the 
patient’s mobility and quality of life.

MEDICAL HISTORY
A young 24 years old male patient sustained an 
open fracture dislocation of the right knee(shown in 
figure 1) in 31ST December 2024. He underwent 
treatment surgical toileting with wound debride-
ment with application of spanning external fixator 
later on using the Illizarov ring fixator to stabilize 
the fracture and promote healing. Despite initial 
success, he developed post-traumatic secondary 
osteoarthritis leading to a fixed flexion deformity of 
the right knee.

Figure 1: Xray of right knee both view showing fracture 
dislocation

Figure 2: Xray of right knee both view showing Illizarov ring 
fixator after 5 months of primary injury.

Upon Physical Examination for further evaluation, 
it was identified that his fixed flexion deformity 
(FFD) was approximately 0 to 30 degrees. There 

was no significant swelling or tenderness, but 
functional limitations were distinct. There was 
significant wasting of quadriceps group of muscle. 
There was both cruciate ligament injury and 
significant anterior and posterior translation and 
also presence of multiple scars of previous surgery. 
His distal Neurovascular Status was normal, 
indicating no associated Vascular compromise or 
neurological deficit.

IMAGING STUDIES
Radiological evaluations, including X-rays and CT 
scan confirmed the presence of advanced 
osteoarthritis changes.(shown in figure 3 & 4) 

Figure 3: CT scan of Right knee 3D view showing malunited 
proximal tibia fracture with secondary advanced osteoarthritis

Figure 4: CT scan of right knee 3D view showing malunited 
proximal tibia fracture with secondary advanced osteoarthritis

Surgical Intervention & Procedure
TKR was done with a longitudinal incision through 
medial parapatellar approach. Sequential medial soft 
tissue release done with open arthrofibrolysis with 
ROM achieved 0-135 degree.
The surgery was conducted under combined 
spinal-epidural (CSE) anesthesia, and a 
posterior-stabilized prosthesis with extended tibial rod 
(showing in figure 5) to overcome the anterior 
posterior stability and to increase survivorship of the 
implant. After traditional bone cut and soft tissue 
balancing achieved with tibial implant. And the final 
implantation is done with laterization of tibial 
component to overcome the correct axis of the lower 
limb. There was no bone loss, and no bone grafting 
was needed. The primary stability ensured early 
mobilization.
Postoperatively, He was monitored closely in the 
recovery room, assessing vitals and surgical site 
integrity. A rehabilitation program was initiated 
promptly to promote mobility and strengthen the 
surrounding musculature. He started walking within 
24 hours. His postoperative recovery was uneventful, 
with no complications i.e. infection or thrombosis. He 
began physical therapy on day two, emphasizing 
range of motion and strength exercises. He started 
walking with support within 48 hours of surgery.

Figure 5: Xray right knee both view showing post operative 
state with posterior stabilized prosthesis with extended tibial rod.

Follow-Up Assessments:
At six weeks, he exhibited improved range of 
motion and reduced swelling. By six months, his 
range of motion reached 0 to 135 degrees, and he 
reported no pain during movement as shown in 
Figure 6.
Functional assessment indicated he could engage in 
daily living activities, including walking, climbing 
stairs, and performing routine tasks independently. 
International Knee society score at 6 weeks’ time: 
KS-40 (Pain) + 45 (ROM) + 5 (Stability) = 90/100
Lysholm score -86/100
Visual Analog Scale (VAS) -02(mildpain or     
discomfort without affecting any function)

DISCUSSION
Total knee replacement can be a highly effective 
solution for young patients with debilitating knee 
conditions due to previous trauma3. This case 
illustrates the transformation achieved through 
TKR in someone with a complex history, 
emphasizing surgical intervention as a definitive 
treatment option for post-traumatic osteoarthritis. 
The outcomes seen in this patient highlight the 
importance of timely surgical intervention and 
postoperative rehabilitation in restoring quality of 
life for patients with limited knee function.

Figure 6: showing patient standing in full extension without 
support, 6 months after surgery

CONCLUSION
The successful outcome of the patient’s total knee 
arthroplasty underscores the potential for 
significant functional recovery, despite prior 
complications from the Illizarov ring fixator and the 
development of secondary osteoarthritis. This 
surgical intervention has facilitated a notable 
restoration of mobility and function, enabling a 
return to routine activities of daily living. Ongoing 
post-operative monitoring is essential to assess the 
stability of his recovery and to evaluate long-term 
outcomes of knee arthroplasty in the younger 
population, particularly regarding the longevity of 
the prosthesis and potential complications.
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 CASE PRESENTATION
The 24-year-old man sustained a high-energy trau-
matic injury resulting in a complex open fracture 
(Figure 1)and knee dislocation. Initial management 
involved emergent surgical intervention for fracture 
stabilization by spanning external fixator and dislo-
cation reduction, along with soft tissue repair. Later 
on, he was treated withapplication of Illizarov ring 
fixator (shown in figure-2). Despite the surgical 
efforts, the patient developed progressive knee pain, 
limited range of motion, and a fixed flexion deformi-
ty (FFD) over several months, leading to significant 

INTRODUCTION
Hyperthyroidism is characterized by the excessive 
production and persistent release of thyroid 
hormones, whereas thyrotoxicosis denotes medical 
conditions resulting from the increased impact of 
thyroid hormones on tissues1.The standard manage-
ment of Hyperthyroidism incorporates three prima-
ry options: antithyroid drugs, radioactive iodine 
(RAI) therapy, and thyroidectomy2.Any one of these 
modalities can be implemented, depending on the 
patient's preference and/or the physician's experi-
ence, according to the American Thyroid Associa-
tion and American Association of Clinical Endocri-
nologists' guidelines. However, a recent systematic 
review suggests that surgery might be the most 
effective option based on particular outcomes2,3.
In Asia and Europe, antithyroid medications are 
given preference as the initial treatment for Graves' 
disease (GD). However, extensive associated 
adverse effects (i.e., agranulocytosis or hepatotoxic-
ity) may occur, necessitating the cessation of these 
medications and the consideration of RAI therapy or 
surgical intervention2,3. To prevent potential transi-
tory exacerbation of thyrotoxicosis during or 
following RAI or surgery, it is essential for thyroid 

function to be at or near normal, necessitating 
supplementary therapy of thyrotoxicosis. Iodine 
solution is the most used adjuvant in this situation 
and is typically efficient in stabilizing thyroid func-
tion2. However, its effects are frequently ephemeral, 
and a phenomenon of escape may arise with 
prolonged usage. In individuals resistant to iodine 
solution, particularly those necessitating immediate 
surgery or at danger of organ failure due to thyrotox-
icosis, an alternative method is required for effec-
tive management of thyroid function. The elimina-
tion of circulating thyroid hormone through thera-
peutic plasma exchange (TPE) has been document-
ed as a beneficial adjuvant in these cases. 
We presented a case of a patient with Graves' 
disease who received successful sequential TPE and 
RAI. The effectiveness of TPE as a supplementary 
treatment in the management of GD is also exam-
ined.

CASE DESCRIPTION
A 26-year-old male patient had been diagnosed with 
Graves ’disease about 1 years ago and treated with 
maximum dose of carbimazole. Upon further enqui-

ry, the patient admitted in Dhaka Medical College 
Hospital with a history of weight loss, palpitations, 
tremors, and lack of sleep. Vital signs showed a 
heart rate of 130/minute, blood pressure of 
140/70mmHg, respiratory rate of 18/minute, and 
temperature of 98.8. Examination revealed an 
anxious patient with bilateral lid lag, large smooth 
goiter with a thyroid bruit, and tremors of upper 
extremities. Laboratory assessment revealed a 
suppressed TSH, high free T4(>3.43ng/dl), free 
T3(>22.8pg/ml), positive anti-thyrotropin receptor 
antibodies (TRab), and thyroid stimulating immu-
noglobulin (TSI). Thyroid study shows thyromega-
ly with uniform increased traced uptake.  But unfor-
tunately, patient was developed agranulocytosis and 
diagnosed as a carbimazole induced agranulocyto-
sis. Due to the agranulocytosis, antithyroid drugs 
were not an option, so RAI treatment was the next 
resort. Unfortunately, the free thyroid hormone 
level was still elevated and euthyroid state was 
required prior to RAI treatment, so another strategy 
was needed to correct the thyroid function.
Then patient was referred to transfusion medicine 
for therapeutic plasma exchange to control hyper-
thyroidism. Consequently, 3 courses of TPE were 
performed via right femoral vein catheterization. 
We used the MCS+ apheresis machine for 
exchange, and 1 volume of plasma exchange was 
done every alternate day, and 5% albumin was used 
as a replacement fluid. The patient responded well 
to TPE (Table 1) with no complications observed 
following TPE and successfully received RAI.

Table 1: Investigation Reports

 Before After 1st After2nd After3rd 
 TPE  Session  Session Session

FT3 >22.8 pg/ml >20pg/ml >19pg/ml >19pg/ml

FT4 >6.99 ng/dl >3.43 ng/dl >3.23 ng/dl >3.03 ng/dl

TSH-R positive
Antibody

Thyroid   Thyromegaly with uniformly increase tracer uptake
Study

DISCUSSION
Thyroxine (T4) exhibits the highest concentration 
of iodothyronines in plasma and is solely 
synthesized by the thyroid; triiodothyronine (T3) is 
predominantly generated (about 80%) from 
peripheral tissues through the deiodination of T4. 
T4 is approximately 68% bound to thyroxine 
binding globulin (TBG), 11% to transthyretin, and 
20% to albumin. T3 is 80% linked to 
thyroxine-binding globulin (TBG), 9% to 
transthyretin, and 11% to albumin. The significant 
protein binding facilitates the elimination of thyroid 
hormones during TPE 4.
TPE is an extracorporeal blood purification method 
utilized for the removal of big molecular substances 
from plasma5. Unlike dialysis, which is incapable of 
removing protein-bound compounds, TPE can 
effectively eliminate them6. The procedure entails 
circulating the patient's blood through a medical 
apparatus to separate the plasma, which is 
subsequently replaced with a colloid (albumin or 
plasma) or a mixture of crystalloid and colloid. TPE 
eliminates protein-bound thyroid hormones; the 
colloid utilized to substitute the plasma offers new 
binding sites for thyroid hormones, which are 
subsequently removed in the following TPE 
session7. In addition to thyroid hormones, TPE may 
facilitate the elimination of cytokines, deiodinase 
enzymes, and Graves' antibodies, contributing to the 
remission of thyrotoxicosis, Graves' 
ophthalmopathy, and pretibial myxedema8.
The application of TPE for the management of 
thyrotoxicosis was initially documented in the 
1970’s9. Three thyrotoxic patients, unresponsive to 
conventional antithyroid medications, exhibited 
favorable outcomes following therapeutic plasma 
exchange and subsequently received radioactive 
iodine therapy. Similarly, refractory thyrotoxicosis 
was a principal indication for therapeutic plasma 
exchange in previous studies3,10,11. Two to five 
sessions of TPE were given to individuals with GD 
or toxic nodular goiter when thyroidal 
hyperfunction was not regulated by antithyroid 
medications. TPE was used in certain cases when 
antithyroid medications were contraindicated due to 

undesirable effects such as agranulocytosis or 
hepatotoxicity11-13.
A retrospective multicenter study explored the 
effects of TPE in a large group of thyrotoxic patients 
10. Administration of TPE to 22 patients with 
thyrotoxicosis, comprising 9 with Graves disease 
and 13 with toxic nodules, resulted in clinical 
improvement in the majority (20/22; 91%). A mean 
of four TPE courses (range, 2-9 courses) were 
conducted prior to the initiation of RAI therapy or 
surgery, resulting in a 41.7% decrease in free T4 
levels. Our patient displayed a modest reduction in 
free T4 level after the three courses of TPE (43.34% 
reduction in free T4 from pre-TPE baseline).
Patients should often achieve a euthyroid state prior 
to RAI therapy or surgery to mitigate the adverse 
effects of hyperthyroidism14-16. TPE may serve as a 
secondary therapy when thyrotoxicosis is 
unmanageable through medical means or when 
immediate symptomatic relief is required. The 
patient was approved for TPE as there were no 
obvious contraindications, including hemodynamic 
instability, active infection, bleeding propensity, or 
allergic reactions to FFP or albumin17. Ultimately, 
RAI treatment was conducted as scheduled, despite 
the thyroid hormone levels remaining abnormal. He 
had no symptoms associated with thyrotoxicosis, 
and his thyroid hormone levels were not elevated 
(i.e., above three times the upper normal range); 
hence, RAI therapy was not contraindicated. 
Consequently, TPE facilitated the transition to RAI 
treatment without exacerbating thyrotoxicosis or 
inducing associated problems.

CONCLUSION
TPE serves as a valuable supplement in 
hyperthyroidism management, particularly in 
severe thyrotoxicosis cases with cardiac or 
neurological consequences, or when conventional 
antithyroid therapies are ineffective or 
inappropriate. TPE should be administered 
regularly until clinical improvement is observed. 
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