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Abstract

The aim of the case study was to report the successful use of intramus-
cular levothyroxine (L-T4) in two patients with profound oral L-T4 
malabsorption. We present two cases of patients who remained hypo-
thyroid despite very high oral doses of L-T4. In both cases, poor L-T4 
absorption was documented with an absorption study. Intramuscular 
L-T4 injections were initiated in both cases and doses were titrated to 
achieve normalization of thyroid stimulating hormone (TSH) and free 
thyroxine (free T4). Additionally, after achieving euthyroidism for a 
period of time, each patient was able to successfully transit back to 
oral administration of L-T4. Synthetic oral L-T4 is the drug of choice 
for replacement therapy in patients with hypothyroidism. Whenever 
euthyroidism cannot be achieved despite escalating L-T4 doses, the 
presence of interfering factors must be considered. These factors in-
clude low patient compliance or reduced L-T4 absorption due to other 
dietary factors, concomitant medication use or gastrointestinal disease. 
Furthermore, severe hypothyroidism itself may impair absorption, pre-
sumably due to edema of the small bowel mucosa. Parenteral L-T4 has 
been shown to be an effective method of replacing thyroid hormone 
in those patients with apparent thyroid hormone malabsorption. How-
ever, there is no consensus or guidelines available to aid physicians 
in the use of parenteral L-T4. In patients with hypothyroidism despite 
large doses of levothyroxine, physicians should consider thyroid mal-
absorption once compliance and interfering medicines have been ruled 
out. In these patients, if no correctable interfering factor is identified, 
intramuscular replacement appears to be an effective alternative.
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Introduction

Hypothyroidism is a common endocrine disorder and in most 
cases in iodine sufficient areas is a primary autoimmune pro-
cess in which the thyroid gland produces insufficient amounts 
of thyroid hormone. Another common cause is surgical remov-
al of the thyroid, which may be done for a variety of reasons. 
Synthetic levothyroxine (L-T4) is the drug of choice for re-
placement therapy in patients with hypothyroidism. Although 
the average dose for effective and optimal replacement of L-T4 
varies somewhat from patient to patient, most hypothyroid pa-
tients are managed within a fairly narrow dose window that 
varies according to body weight, the average being near 1.6 - 
1.8 μg/kg [1]. Effectiveness of a dose of L-T4 is determined by 
measuring thyroid stimulating hormone (TSH) and free thy-
roxine (free T4).

In some cases, L-T4 doses exceeding the expected calcu-
lated daily requirements are needed to achieve the therapeutic 
goal or the goal cannot be achieved despite escalating doses. 
In these cases, several factors must be considered. These fac-
tors include low patient compliance, reduced L-T4 absorption 
from concomitant interfering dietary factors or use of inter-
fering medications, or gastrointestinal disorders contributing 
to malabsorption. Furthermore, severe hypothyroidism itself 
may impair absorption, presumably due to edema of the small 
bowel mucosa. We report two such cases of profound L-T4 
malabsorption that responded well to intramuscular L-T4 re-
placement.

Case Reports

Case 1

A 35-year-old female with Crohn’s disease underwent thyroid-
ectomy for multinodular goiter. Surgical pathology was benign 
and L-T4 replacement was started at 1.6 μg/kg/day and escalat-
ed to a dose as high as 1,500 μg daily (approximately 24 μg/kg/
day) with persistent biochemical and clinical hypothyroidism. 
Appropriate adherence to oral administration and avoidance of 
interfering medications was confirmed. An oral L-T4 absorp-
tion study was performed using 1 mg of oral L-T4 which was 
chewed and swallowed by the patient while being observed. 
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Subsequent total thyroxine levels were obtained at 60, 120, 
180, and 240 min (Fig. 1) [2]. This revealed L-T4 absorption of 
approximately 13% of normal control subjects [3].

Intramuscular L-T4 (lyophilized levothyroxine sodium 
200 μg, reconstituted with 5 mL of 0.9% sodium chloride; Fre-
senius Kabi USA, LLC, Lake Zurich, IL) was started with an 
initial dose of 0.3 μg/kg/day divided into twice weekly injec-
tions (i.e. for her weight of 61 kg a total of 128 μg per week 
divided into 64 μg twice weekly given as 1.6 mL of 200 μg 
lyophilized levothyroxine reconstituted in 5 mL of saline). 
This was increased to a final dose of 200 μg intramuscularly 
twice weekly or approximately 0.9 μg/kg/day, with normaliza-
tion of thyroid labs and resolution of clinical hypothyroidism. 
There were no adverse effects of intramuscular injections rec-
ognized. After 2 years, the patient was able to be transitioned 
back to oral L-T4. She did require a higher than expected oral 
dose, 250 μg or about 5 μg/kg daily to achieve a normal TSH 
which is likely due to underlying Crohn’s disease.

Case 2

A 43-year-old female with primary hypothyroidism was ini-
tially treated with oral L-T4 with doses escalating to 1,500 μg 
daily (approximately 17 μg/kg/day). She required admission to 
the hospital with profound hypothyroidism including pericar-
dial effusion and mental status changes and was treated with 
intravenous L-T4 acutely. An oral L-T4 absorption study was 
performed in the same manner as case 1 (Fig. 2) [2] which 
revealed levothyroxine absorption to be approximately 7% of 
controls [3].

Intramuscular L-T4 was started at a dose of 0.3 μg/kg/
day divided into two injections weekly. This was titrated to a 
dose of 1.0 μg/kg/day given as 200 μg three times weekly. This 
resulted in normalization of thyroid studies and resolution of 
hypothyroid symptoms. After almost 5 years, she was able to 
be transitioned back to oral L-T4. Her current dose after adjust-
ment is 100 μg 6 days weekly, which is approximately 1.0 μg/
kg. This patient also underwent an abbreviated L-T4 absorp-
tion study (only baseline and 2 h levels checked) following re-
turn to successful oral replacement which actually demonstrat-

ed supra-normal absorption of 1 mg L-T4 (Fig. 2). This likely 
represents an artifact of inaccuracy of the estimated volume 
of distribution of L-T4 at high BMI. Regardless, absorption of 
1 mg L-T4 was clearly increased when compared to her study 
done prior to achieving euthyroidism with intramuscular L-T4.

Discussion

Approximately 62-82% of L-T4 is absorbed after oral admin-
istration. Most of the absorption occurs within the first 3 h of 
ingestion and is localized mainly in the jejunum and ileum [4]. 
The absorption occurs best on an empty stomach which may 
reflect the importance of gastric acidity in this process [5]. Ab-
sorption of L-T4 has been shown to be reduced by certain foods 
such as fiber [6], coffee [7], and soy protein [8, 9]. Gastroin-
testinal disorders such as lactose intolerance [10] and celiac 
disease [11, 12] inflammatory bowel disease and other malab-
sorptive disorders may result in L-T4 malabsorption. Medica-
tions such as sucralfate [3], ferrous sulfate [13, 14], calcium 
carbonate [15, 16], and proton pump inhibitors [17-19] are also 
known to affect absorption of L-T4. Altered absorption gener-
ally manifests as abnormal thyroid function testing (TSH and 
free T4) and an apparent under dosing of medication, which 
may be intermittent or persistent depending on the exact inter-
fering factor. Alternatively, another common reason for failure 
to normalize TSH with appropriate dosing of L-T4 is a lack of 
regular compliance with medication [20].

Conversely, there have been previously described ulti-
mately unresolved cases of hypothyroidism refractory to oral 
therapy where no interfering factors could be found [21-24]. 
Almost all have been described in women, mostly aged 40 - 50 
and with history of papillary thyroid cancer and surgical hy-
pothyroidism [21-23]. It is also noteworthy that in a majority 
of these cases, absorption capacity improved once stable eu-
thyroidism had been achieved by intermittent parenteral levo-
thyroxine administration. This supports the hypothesis of in-
testinal mucosal edema with severe hypothyroidism affecting 

Figure 1. Oral levothyroxine absorption study following 1 mg L-T4. 
Case 1 demonstrates a maximum of about 13% absorption of control 
[2]. 

Figure 2. Oral L-T4 absorption study following 1mg L-T4. Case 2A 
demonstrates a maximum of about 7% absorption compared to control 
[2]. Case 2B demonstrates above normal absorption once patient had 
achieved euthyroidism using intramuscular L-T4 and was subsequently 
transitioned back to oral L-T4. The calculated supranormal absorption 
is likely related to inaccuracy of the estimated volume of distribution at 
high BMI. 
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L-T4 absorption. However in one of the reported cases [23], 
tissue micro-architecture between small bowel biopsies ob-
tained at the time of severe hypothyroidism and euthyroidism 
was not different. The authors in this case proposed a specific 
enteral defect. Similarly, our two cases both had improved oral 
absorption of L-T4 after achieving euthyroidism with intra-
muscular administration for a period of time and one patient 
subsequently had an absorption study demonstrating normal 
absorption.

We have reported two cases where patients could not 
achieve euthyroidism despite of escalating doses of oral L-T4. 
There were no identified interfering medications or correcta-
ble conditions including poor compliance. These patients both 
had documented L-T4 absorption well below normal range on 
kinetic absorption testing. In both cases, intramuscular L-T4 
administration resulted in normalization of thyroid function 
testing and clinical findings of hypothyroidism. Additionally, 
after achieving euthyroidism for 2 - 5 years, both patients were 
able to transit to oral replacement and maintain euthyroidism 
at L-T4 doses that did not correct hypothyroidism prior to in-
tramuscular treatment. One patient (case 2) also had demon-
strable improvement on L-T4 absorption testing. These find-
ings support the theory of intestinal mucosal alteration due to 
severe hypothyroidism that may be correctable with restora-
tion of euthyroidism using parenteral L-T4.

Currently, no guidelines or consensus exist to aid provid-
ers in using intramuscular L-T4 replacement. There are how-
ever some general considerations that apply. First, parenteral 
L-T4 is considered roughly twice as potent as oral replacement, 
which generally requires 1.6 - 1.8 g/kg/day to achieve euthy-
roidism [1]. Second, the half-life of L-T4 is 6 - 7 days and can 
be longer in a hypothyroid patient, so daily injections are not 
needed. To this point, a kinetic mathematical model produced 
by Hays predicted that serum thyroxine levels would be normal 
with both weekly and biweekly intramuscular L-T4 dosing, al-
though there was more fluctuation in levels with less frequent 
dosing [25]. Therefore, a reasonable starting dose would be 
0.8 μg/kg/day divided into one to three weekly injections. In 
our two cases, we opted for a more conservative starting dose 
of 0.3 μg/kg/day divided into two weekly doses with gradual 
dose titration based on thyroid function testing while monitor-
ing for common side effects of hyperthyroidism. In our cases, 
the final doses required for euthyroidism were 1.0 μg/kg/day 
and 1.2 μg/kg/day. No side effects of injections were noted and 
no signs or symptoms of hyperthyroidism were identified.

Conclusion

Levothyroxine is generally recognized to be a medication with 
a relatively narrow toxic to therapeutic ratio [2]. If the goal of 
therapy is maintenance of a specific serum TSH within a rela-
tively narrow range, without significant oscillations, then spe-
cial attention should be paid to concurrent medications or addi-
tion of new medications, timing of L-T4 ingestion and dietary 
modifications. Maintaining specific TSH targets are particu-
larly important in patients who are pregnant, elderly, or have 
diagnoses of thyroid cancer, cardiac disease, or osteoporosis. 

Avoidance of subclinical thyroid disease may be particularly 
critical in these populations [26].

Intramuscular L-T4 can be a safe and effective method of 
replacing thyroid hormone in patients with unexplained or un-
resolved thyroid hormone malabsorption as evidenced by per-
sistent hypothyroidism despite escalating doses of oral L-T4 
with no identified underlying reason for malabsorption that is 
correctable and no compliance problems. In these cases, we 
suggest initiating intramuscular L-T4 at a conservative dose 
and titrating as necessary based on thyroid functions testing 
while monitoring for signs and symptoms of hyperthyroidism. 
We have used a starting dose of 0.3 μg/kg/day divided in two 
to three weekly doses, but slightly higher doses are likely rea-
sonable as well. These patients may eventually be able to suc-
cessfully transit back to oral replacement; however, the time 
frame when this might be possible is not clear.
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