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Abstract
Purpose of Review Hypothyroidism is a common medical comorbidity and has been linked to adverse surgical outcomes.
However, its effect on spine surgery outcomes is less clear. The aim of this review is to compile current literature to serve as a
guide for spine surgeons when treating patients with hypothyroidism.
Recent Findings In both the cervical and lumbar spine, patients with hypothyroidism are at increased risk of postoperative
medical complications. Consequently, patients with hypothyroidism experience increased healthcare costs and readmission rates.
However, there are some contradictory findings with some studies suggesting that hypothyroidismmay have a protective effect in
patients undergoing lumbar fusion, specifically against postoperative myocardial infraction and decreased inpatient mortality.
Summary When examining spine surgery outcomes, there are mixed results when considering the effect of hypothyroidism.
Some studies have shown increased medical complications, hardware failure, and increased expenditure; however, other recent
findings suggest possible protective effects. Future studies are needed to help create concrete guidelines for treating patients with
hypothyroidism.
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Introduction

Thyroid disorders are the second most common
endocrinopathy following diabetes [1]. Clinical hypothyroid-
ism affects 1 out of every 300 people in the USA, with a
higher prevalence in female and elderly patients [2, 3].
Thyroid-stimulating hormone (TSH) is upregulated following
the release of thyrotropin-releasing hormone, which acts on
the anterior pituitary [1]. TSH subsequently binds to the TSH
receptor, stimulating the release of thyroid hormones triiodo-
thyronine (T3) and thyroxine (T4) [4].

Thyroid disorders also present with varying degrees of
severity: primary, subclinical, and overt. Primary hypothy-
roidism is characterized by a dysfunctional thyroid gland,
resulting in low T4 and high TSH levels [4]. Subclinical
hypothyroidism is defined as TSH > 4.0mIU/L with nor-
mal T4 levels [5]. Overt hypothyroidism is defined as TSH
> 4.0mIU/L and low T4 levels [5].

Hypothyroidism has important clinical ramifications in the
surgical setting. It has been associated with greater periopera-
tive risk across many surgical disciplines, especially cardiac
surgery [6]. Hypothyroidism within orthopaedic surgery pre-
sents a unique challenge due to its crucial role in bone metab-
olism and formation [7•]. Specifically, hypothyroidism has
been linked to significantly increased odds of periprosthetic
joint infections [OR: 2.46, 95% CI 1.99–3.05, p < 0.0001],
greater odds of overall complications following total knee
arthroplasty [OR: 1.37, 95% CI 1.32–1.41], and greater odds
of medical complications in total hip arthroplasty (p < 0.001)
[8–10]. While conclusive findings exist in other fields of or-
thopaedic surgery, the recent literature in spine surgery re-
mains contradictory. The aim of this review is to summarize
the current literature on hypothyroidism and outcomes in
spine surgery.
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Perioperative Medical Complications

Cervical Spine

Hypothyroidism has been correlated with adverse events fol-
lowing cervical spine surgery as summarized in Table 1.
Vakharia et al. conducted a retrospective study grouping
107,066 patients undergoing ACDF into two groups by thy-
roid status: those with or without diagnoses of hypothyroidism
[11]. Patients were matched based on age, gender, and
Charlson-Comorbidity Index. Upon univariate analysis, the
authors found that hypothyroid patients had a significantly
greater odds of 90-day medical complications compared to
euthyroid patients [OR: 1.72, 95% CI 1.58–1.87, p < 0.001].
Complications included pulmonary embolism (PE) [OR: 2.16,
95% CI 1.51–3.09, p < 0.001], deep venous thrombosis
(DVT) [OR: 1.81, 95% CI 1.32–2.49, p < 0.001], myocardial
infarction (MI) [OR: 2.10, 95%CI 1.43–3.08, p < 0.001], non-
healing surgical wounds [OR: 2.27, 95% CI 1.11–4.62, p =
0.0232], infection [OR: 1.72, 95% CI 1.39–2.13, p < 0.001],
hemorrhage [OR: 2.14, 95% CI 1.36–3.35, p < 0.001], wound
complications [OR: 1.86, 95% CI 1.25–2.78, p = 0.0022], and
hematoma [OR: 2.03, 95% CI 1.57–2.63, p < 0.001]. Of note,
the study found no significantly increased risk of
pseudoarthrosis when comparing cohorts with and without
hypothyroidism.

Interestingly, in vivo studies may provide mechanistic
support for some of the aforementioned complications. A
rat study investigating the link between circulating T3 and
T4 and wound healing found lower levels of type-IV col-
lagen and hydroxyproline in states of hypothyroidism, po-
tentially explaining the mechanism for worsened wound
healing seen in prior literature [12]. The increased rates of
thromboembolic events in hypothyroid patients may be
explained by the increased levels of von-Willebrand fac-
tor and plasminogen activating inhibitor-1 in these pa-
tients [13]. Greater levels of these factors promote a pro-
thrombotic state, potentially explaining the mechanism
behind greater odds of PE, DVT and MI observed in the
hypothyroid group.

Luther et al. conducted a large retrospective database study
analyzing 1,681,805 patients to evaluate the impact of hypo-
thyroidism, identified by diagnosis codes, on cervical fusion
outcomes [7•]. The authors excluded patients with a diagnosis
of hyperthyroidism and adjusted analyses with Elixhauser co-
morbidity covariates. Using multivariable models, the study
found no significant differences between hypothyroid and eu-
thyroid cohorts for rates of DVT/PE, respiratory, gastrointes-
tinal (GI), or renal complications. However, the study reported
that hypothyroid patients experienced significantly greater
odds of neurologic complications [OR: 1.13, 95% CI 1.04–
1.22, p = 0.0033], hardware complications [OR: 1.06, 95% CI
1.03–1.09, p = 0.0005], and hematologic complications [OR:
1.16, 95% CI 1.11–1.21, p < 0.0001]. Both hematoma and
seroma risk were used as proxy markers of wound complica-
tions and considering these endpoints together, the authors
found greater odds of wound complications in hypothyroid
patients [OR: 1.09, 95% CI 1.02–1.16, p = 0.0066].
Notably, this study showed no significant difference in the
odds of acute MI between the hypothyroid and euthyroid co-
horts undergoing cervical fusion. Somewhat contradictory to
the increased medical complications noted above, the hypo-
thyroid group experienced significantly lower odds of in-
hospital mortality [OR: 0.61, 95% CI 0.51–0.72, p < 0.0001].

Both Vakharia et al. and Luther et al. found greater odds of
wound complications in their hypothyroid patient cohorts, but
as noted above, their studies found differences with regard to
the risk of PE, DVT, and neurological and hardware compli-
cations [7, 11]. In addition, Vakharia et al. found a difference
in MI risk between cohorts, whereas Luther et al. found no
significant difference. Given the sparse literature on this topic,
the negative effects of hypothyroidism on cervical spine sur-
gery outcomes are still unclear.

Lumbar Spine

The aforementioned authors also examined hypothyroidism
following lumbar spine surgery as described in Table 2.
Vakharia et al. studied 69,584 Medicare patients with hypo-
thyroidism undergoing a 1 or 2 level lumbar fusion [14•].

Table 1 Cervical Spine Surgery

Author Year Sample Description Findings

Vakharia et al. 2018 Patients undergoing anterior cervical discectomy
and fusion with/without hypothyroidism

Patients with hypothyroidism had significantly greater odds of medical
complications, readmissions, and higher charges than euthyroid
counterparts

N = 107,666

Luther et al. 2021 Patients undergoing cervical fusion surgery,
divided into hypothyroid and euthyroid
cohorts

Hypothyroid patients had greater likelihoods of experiencing several medical
complications, readmissions, and prolonged length of stay. Notably,
hypothyroid patients had decreased odds of mortality

N = 1,681,805
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Each patient in the hypothyroid group was matched to 5 con-
trols based on age, sex, and comorbidities (chronic obstructive
pulmonary disease, diabetes mellitus, hyperlipidemia, hyper-
tension, obesity, and tobacco use). At 90 days post-operation,
comparison of matched cohorts showed that hypothyroid pa-
tients had significantly higher odds of medical complications
[OR: 3.53, 95% CI 3.40–3.67, p < 0.0001], including anemia
[OR: 6.47, 95% CI 5.78–7.24, p < 0.0001], thrombocytopenia
[OR: 6.42, 95% CI 4.66–8.84, p < 0.0001], MI [OR: 4.51,
95% CI 2.89–7.04, p < 0.0001], acute kidney failure [OR:
3.12, 95% CI 1.89–5.15, p < 0.0001], DVT [OR: 1.97, 95%
CI 1.59–2.44, p <0.0001], wound complications [OR: 1.30,
95% CI 1.14–1.48, p < 0.0001], PE [OR: 2.36, 95% CI 1.73–
3.21, p < 0.0001], pneumonia [OR: 4.60, 95%CI 3.83–5.54, p
< 0.0001], and nerve complications [OR: 3.35, 95% CI 3.13–
3.58, p < 0.0001].

Luther et al. also studied lumbar fusion outcomes in
2,467,320 patients grouped by pre-operative thyroid status
[7•]. After excluding patients with hyperthyroidism and
adjusting for Elixhauser comorbidity variables, the study
found no significant differences in odds of developing DVT/
PE, respiratory complications, acute kidney injury, GI, or
wound complications between hypothyroid and euthyroid co-
horts. Hypothyroid patients in the lumbar fusion group had
higher odds of hematologic complications [OR: 1.176, 95%
CI 1.16–1.19, p < 0.0001]. Luther et al. reported that the
hypothyroid group in the lumbar fusion cohort had lower odds
of in-hospital mortality [OR: 0.643, 95% CI 0.55–0.75, p <
0.0001], neurologic complications [OR: 0.919, 95% CI
0.884–0.955, p < 0.0001], and acute MI [OR: 0.851, 95%
CI 0.81–0.89, p < 0.0001].

An unexpected finding from Luther et al. was a significant-
ly decreased likelihood of MI in the hypothyroidism cohort
[7•]. A study by Dhital et al. using the National Inpatient
Sample (NIS) found that hypothyroidism was associated with
higher odds of coronary heart disease but lower odds of acute
coronary syndrome [15]. The researchers theorized that, al-
though hypothyroidism increases vascular resistance and
low-density lipoprotein (LDL), cardiac conditioning may oc-
cur downstream of milder, chronic ischemia, resulting in

increased coronary collateral circulation. Thus, a lower rate
of acute MI could be explained by this increased circulation.
However, another study evaluating patients with subclinical
hypothyroidism and stable angina found that TSH levels >9
μIU/mL predicted poor coronary collateral circulation, refut-
ing the prior explanation [16]. A second explanation for the
decreased likelihood of ACS may be that hypothyroidism has
been associated with a hypo-coagulable state [17, 18]. Low
levels of FT4 can also have a protective effect against venous
thromboembolism and high levels may have a positive asso-
ciation [18]. On the other hand, patients with subclinical hy-
pothyroidism also demonstrate a pro-coagulative effect with
higher levels of Factor VII, PAI-1, and t-PA than healthy
controls [18]. Thus, there is conflicting literature regarding
the effect of hypothyroidism on the coagulative environment
in patients. The findings from Luther et al. are strengthened by
the large sample size used and variety of operations included
[7•]. Furthermore, the power of the NIS database lies in its size
and breadth: it is a nationwide database and includes data from
several insurers, and is therefore relatively heterogenous, in-
creasing the external validity of the study. Future investiga-
tions can help clarify the cardiac pathophysiology in hypothy-
roid patients and assist clinicians in pre-operative risk
assessments.

Impact on Readmissions

Cervical Spine

Although there is contention surrounding the impact of hypo-
thyroidism on various post-operative medical complications,
there is a consensus that hypothyroidism increases the risk of
readmission. In line with prior literature, Vakharia et al. re-
ported readmission rate at the 30-, 60-, and 90-day time points,
along with an aggregate measure that captured total readmis-
sions across the three periods [11]. Hypothyroid patients had
significantly greater risk of readmission at 30 days [adjusted
relative risk (aRR): 1.56, 95% CI 1.46–1.66, p < 0.001] and in
the total readmissionsmeasure [aRR: 1.45, 95%CI 1.41–1.49,

Table 2 Lumbar Spine Surgery

Author Year Sample description Findings

Vakharia et al. 2020 Medicare patients undergoing 1- or 2-level
lumbar fusion, divided by hypothyroid status

Hypothyroid patients had greater odds of medical complications,
readmissions, higher healthcare costs, and longer length of stay

N = 417,483

Luther et al. 2021 Patients undergoing lumbar fusion surgery,
divided into hypothyroid and euthyroid
cohorts

Hypothyroid patients were more likely to experience hematologic
complications, readmissions, and longer length of stay. Hypothyroid
patients had lower odds of in-hospital mortality, neurologic complications,
and acute myocardial infarctions

N = 2,467,320
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p < 0.001] [11]. Similarly, Luther et al. found a higher prob-
ability of 30-day readmission for hypothyroid patients
using the Elixhauser readmission index after cervical fu-
sion (p < 0.0001) [7•].

Lumbar Spine

Vakharia et al. found increased odds of 90-day readmissions
in hypothyroid patients undergoing lumbar fusion [OR: 1.18,
95% CI 1.16–1.20, p < 0.0001] [14•]. Similarly, Luther et al.
also reported that hypothyroid patients in their lumbar fusion
cohort had a higher probability of 30-day readmission using
the Elixhauser readmission index (p < 0.0001) [7•]. Overall,
hypothyroidism is linked to increased readmission rates fol-
lowing both cervical and lumbar spinal fusions and should be
cautiously managed.

Effect on Total Healthcare Costs

Cervical Spine

Given the increased risk of complications found in the hypo-
thyroid patient population, and the increased healthcare costs
associated with postoperative medical complications, overall
healthcare expenditure in this population is increased [19].
Vakharia et al. reported that average charges were higher for
hypothyroid patients on day of ACDF surgery ($75,044.06 vs.
$66,948.35), at 30 days postoperative ($80,887.25 vs.
$70,374.41, p < 0.001), 60 ($85,442.97 vs. $73,095.65, p <
0.001), and 90 days postoperative ($90,020.98 vs.
$76,363.64, (p < 0.001) [11]. Furthermore, Luther et al. re-
ported that hypothyroid patients experienced longer length of
stay (LOS) than euthyroid counterparts after cervical fusion
(2.6 vs 2.3 days; p < 0.0001) [7•].

Lumbar Spine

Examining healthcare spending for lumbar fusion, Vakharia
et al. found that hypothyroidism was associated with greater
costs on the day of surgery ($97,304 vs $95,168; p = 0.014)
and at 90 days post-operation ($113,514 vs $108,861; p =
0.001) [14•]. In line with this, Vakharia et al. found that hy-
pothyroid patients undergoing lumbar fusion had significantly
longer LOS (8 vs 4 days; p < 0.0001) [14•]. Similarly, Luther
et al. found that hypothyroid lumbar fusion patients also had
longer LOS than their euthyroid counterparts (4.3 days vs 4.0
days; p < 0.0001) [7•]. With a shift in the US healthcare
system to value-based models, minimizing spending is a pri-
mary goal, and spine surgeons should be aware of the requisite
financial impact of caring for hypothyroid patients.

Current Recommendations

Currently, no organizational guidelines have been estab-
lished regarding preoperative recommendations for hypo-
thyroid patients. A recent review recommends that asymp-
tomatic patients without history of thyroid dysfunction
should not undergo preoperative TSH screening [20•].
However, for patients showing symptoms or signs of thy-
roid dysfunction, TSH levels should be taken. In cases of
mild or moderate hypothyroidism, postponing elective sur-
gery is not necessary. Mild hypothyroidism was defined as
subclinical hypothyroidism whereas moderate hypothy-
roidism was denoted by elevated TSH and reduced total
thyroxine level, ≥0.5μg/dL. On the other hand, patients
with severe hypothyroidism (defined as myxedema coma,
severe symptoms, or free thyroxine level <0.5ng/dL)
should not undergo elective procedures until treatment. In
emergent situations, patients with severe hypothyroidism
should undergo intravenous hormone therapy preopera-
tively. Given the limited research surrounding the effect
of hypothyroidism on spine surgery, future studies should
investigate specific TSH thresholds associated with in-
creased operative risk to help guide more specific
recommendations.

Conclusions

Hypothyroidism in cervical and lumbar spine surgery is linked
to increased healthcare expenditure as well as higher rates of
readmission and complications. However, there is a discrep-
ancy in the literature between studies regarding hypothyroid-
ism and its potential cardioprotective effects and impact on
inpatient mortality. Although there are proposed mechanisms,
further prospective research could reveal nuanced physiolog-
ical mechanisms regarding thyroid dysfunction and its cardio-
vascular implications. Current studies are limited by usage of
diagnosis codes, rather than TSH levels, to assess operative
risk related to hypothyroidism. Future studies should aim to
stratify patients with hypothyroidism into mild, moderate, and
severe cohorts to study spine surgery outcomes at a more
granular level in this population.
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