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Abstract. Background: An intrathoracic 
kidney is a very rare form of ectopic kidney. 
Though increasingly recognized in the lit-
erature, impact on renal function is less well 
described. We report the case of a 67-year-
old South Asian gentleman who presented 
with intrathoracic kidney and chronic kidney 
disease. We carried out a systematic review 
of the available literature on intrathoracic 
kidney, in order to characterize the typical 
clinical features, and describe likely clini-
cal course and possible renal and extra-renal 
complications associated with this form of 
ectopia. Materials and methods: A structured 
search using PubMed identified all relevant 
published case reports from 1988 to 2018, 
with search restricted to papers in English, 
and to adult cases only (> 18 years of age). 
124 records were identified, and after screen-
ing for eligibility, 34 case reports were ana-
lyzed. Results: Median age was 53.5 years, 
with no gender predominance. 68% (27/34) 
of cases were symptomatic. 29% (10/34) 
had a significant complication associated 
with their intrathoracic kidney, with 3 cases 
with either documented chronic or end-stage 
kidney disease. 26% (9/34) required surgical 
intervention. Conclusion: Though previously 
regarded as a benign entity, results from our 
systematic review, bearing in mind suscepti-
bility to publication bias, suggests an appre-
ciable risk of symptoms, complications, and 
in the minority a risk to kidney function. We 
recommend close biochemical and imaging 
surveillance of affected patients, with low 
threshold for intervention in those with reno-
vascular stenosis, reflux, or hydronephrosis.

Introduction

In 1848, Vincent Alexander Bochdalek 
first described a congenital diaphragmatic 
hernia, characterized by the passage of ab-

dominal contents into the thoracic cavity [1]. 
Abdominal organs involved are usually the 
small bowel, spleen, stomach, colon, and left 
lobe of the liver. Intrathoracic herniation of 
kidneys, first described by Wolfromm in 1940 
using retrograde pyelography [2], is very rare, 
with reported incidence of 0.25%, and ac-
counts for just 5% of all renal ectopias [3].

In neonates, congenital diaphragmatic 
hernias can be associated with considerable 
morbidity and mortality [4], with possible 
pulmonary hypoplasia [5] or persistent fetal 
circulation [6], relying on early surgical cor-
rection. Later presentation in adults however 
is usually asymptomatic and discovery typi-
cally incidental on chest radiography. Males 
are more often affected, and the posterolat-
eral diaphragmatic defect is usually on the 
left side in 80 – 90% [7].

We present a case of incidentally diag-
nosed Bochdalek hernia with right-sided in-
trathoracic kidney in an adult male as part of 
diagnostic work-up for chronic kidney dis-
ease (CKD).

Case presentation

A 67-year-old gentleman, of Indian ori-
gin, was referred to our kidney clinic in view 
of decline in glomerular filtration rate (GFR). 
Comorbidities included hypertension, type II 
diabetes, asthma, and osteoarthritis. He was 
asymptomatic, denying breathlessness, ar-
thralgia, macroscopic hematuria, and lower 
urinary tract symptoms. Glycemic control 
was good, with no reported neuropathy or 
retinopathy. There were no reported prob-
lems at birth, no history of abdominal trau-
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ma, and no family history of kidney disease 
or congenital anomalies. He denied taking 
non-steroidal anti-inflammatory drugs, over-
the-counter preparations, and recreational 
drugs, and was a non-smoker.

Physical examination was unremarkable 
with no evidence of pulmonary edema. Labo-
ratory tests showed hemoglobin 11.5  g/dL, 
potassium 5.1 mmol/L, albumin 33 g/L, cre-
atinine 133  µmol/L, and MDRD-calculated 
eGFR 47  mL/min. Creatinine in 2015 was 
110 µmol/L. HbA1c was 48 mmol/mol. Uri-
nalysis demonstrated trace proteinuria with 
no microscopic hematuria. Urinary albumin-
creatinine ratio was subsequently 3.3 mg/

mmol. Further analysis ruled out infectious 
disease (HIV, hepatitis B, and hepatitis C) and 
an autoimmune process (no autoantibodies, 
negative ANA, ANCA, GBM, normal serum 
complement). There was no evidence of a 
monoclonal band.

Historical chest radiographs (Figure 1) 
revealed an elevated right hemidiaphragm. 
An ultrasound of the urinary tract revealed 
right kidney 7.6  cm and left kidney 8.4  cm 
with preserved cortices. There were no cal-
culi identified, with no features of pelvicaly-
ceal dilatation. Prostate volume was 26 mL. 
Comment was made regarding limited views 
of the right kidney raising the possibility of 
an atrophic right kidney. Magnetic resonance 
angiography (MRA) (Figure  2) confirmed a 
smaller right kidney, however highlighted a 
right hemidiaphragmatic hernia containing 
the right lobe of the liver, right kidney, and 
hepatic flexure. Each kidney had single renal 
artery supply with no evidence of renal artery 
stenosis. Dimercaptosuccinic acid (DMSA) 
scan (Figure 3) revealed equal split function 
with no evidence of tracer hold-up, confirm-
ing unobstructed kidneys.

Underlying renal diagnosis was unclear. 
He had stage III CKD without significant 
proteinuria, out of keep with a diagnosis of 
diabetic nephropathy. Macro-renovascular 
disease was excluded with MRA, however 
the possibility of small-vessel renal disease 
with ischemic nephropathy was possible 
together with age-related nephrosclerosis. 
Split-function with DMSA was equal with 

Figure 1.  Chest radiograph demonstrating raised 
hemidiaphragm.

Figure 2.  MRA demonstrating higher position of right kidney than left secondary to a right hemidiaphrag-
matic hernia containing the right lobe of liver, right kidney, and hepatic flexure. Right kidney 7.4 cm and left 
kidney 8.4 cm, with no evidence of renal artery stenosis.
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no features of obstruction, excluding vesi-
coureteric junction (VUJ) obstruction with 
intrathoracic renal ectopia. Given negative 
immunological and virology screen, he was 
not biopsied, and managed with cardiovas-
cular and glycemic optimization.

Systematic review

There is a paucity of data relating to long-
term renal outcomes in such adults, with 
evidence restricted to anecdotal case reports. 
We systematically identified all available re-

ported adult cases of intrathoracic kidney to 
describe clinical presentation, treatment, and 
renal outcomes to better inform responsible 
clinicians on the optimal management of this 
entity.

Published studies (full-text, peer-re-
viewed) from 1988 to December 2018 re-
lating to intrathoracic kidneys were found 
by utilizing a thorough search strategy of 
PubMed. The following search terms were 
used: intrathoracic kidney, thoracic kidney, 
and renal outcomes. Reference lists of cho-
sen articles were searched to further identify 
relevant articles.

Figure 3.  Renal DMSA scan demonstrating split function between right and left kidney (44% : 56%).

Figure 4.  Intrathoracic kidneys and renal outcomes search strategy using PRISMA flowchart.
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Eligibility criteria for inclusion in the re-
view was a specific focus on renal outcomes 
of intrathoracic kidneys within an adult popu-
lation (> 18 years of age). Identified articles 
were assessed for inclusion independently by 
two authors. Reviews, commentaries, editori-
als, and non-English articles were excluded.

Data extracted included: author, year, de-
mographics of the patient sample, including 
age, proportion of males, clinical features, 
symptom duration prior to presentation, lat-
erality of intrathoracic kidney, diagnostic 
work-up including imaging modality, renal 
function (laboratory data if available), treat-
ment, and any reported complications. Given 
the qualitative, summative nature of this re-
view, a meta-analysis was not possible and 
effect sizes could not be calculated.

Results

We examined 123 articles and identified 
34 case reports relevant to intrathoracic kid-
neys in adults, reported from 1988 to 2018. 
The search strategy and flow diagram (Fig-
ure 4) are presented using PRISMA guide-
lines [8]. Case reports are summarized in 
Table 1. 17/34 (50%) cases were male. Me-
dian age was 53.5 years, with range 22 – 83 
years. 11/34 (32%) cases were picked up as 
incidental findings with affected patients as-
ymptomatic. In those with symptoms, 7/34 
(32%) patients had symptoms related to the 
gastrointestinal tract (epigastric pain, nau-
sea, vomiting, post-prandial pain), and 6/34 
(18%) patients presented with chest pain. 
Other reported symptoms included respira-
tory complaints of cough or breathlessness 
(7/34, 21%), flank pain (4/34, 12%), and 
lower urinary tract symptoms (3/34, 9%). In-
cidental cases were often picked up by rou-
tine CXR, and characterized with CT or MR. 
Often ultrasound imaging reported either a 
smaller or missing kidney when focused on 
the abdomen. Incidental findings were also 
reported with echocardiography, IV urogra-
phy, and myocardial scintigraphy. The ma-
jority of cases were right-sided (20/34, 59%).

In 25/34 (74%) reported cases, renal 
function with serum creatinine or creati-
nine clearance was not described. 6 cases 
had documented normal renal function. 2 
cases had evidence of moderate CKD: 1 

patient with serum creatinine 140 µmol/L 
and the other patient with more advanced 
CKD with serum creatinine 229 µmol/L. 
The latter patient had a hydronephrotic left 
intrathoracic kidney with the contralateral 
kidney multi-loculated and cystic, whilst the 
former patient had a background of diabetes 
and hypertension. 1 case was established on 
maintenance hemodialysis, with Doppler ev-
idence of renal artery stenosis affecting the 
intrathoracic kidney. Her end-stage kidney 
disease (ESKD) was presumed secondary to 
renovascular hypertension, and she required 
five antihypertensive agents for blood pres-
sure control.

Other reported complications included 
malignancy with clear cell renal cell carci-
noma (1/34, 3%), renal calculi (2/34, 6%), 
pyelonephritis (1/34, 3%), acute respiratory 
failure (1/34, 3%), hydronephrosis (2/34, 
6%), varicocele (1/34, 3%), and delayed 
perfusion relative to the contralateral intra-
abdominal kidney (1/34, 3%). Intervention 
was required in few with surgical repair of 
diaphragmatic defect (4/34, 12%), partial 
nephrectomy (1/34, 3%), emergency lapa-
rotomy and right thoracotomy (1/34, 3%), 
percutaneous nephrolithotomy (2/34, 6%), 
and right-sided varicocelectomy (1/34, 3%).

Discussion

The clinical case described raised some 
important questions. Firstly, are ectopic kid-
neys in the thorax incidental congenital vari-
ants of no clinical relevance? Secondly, what 
is the best imaging modality for detection 
and characterization? Thirdly, what com-
plications may arise from intrathoracic kid-
neys, and with what frequency? And finally, 
what effect do they have on renal function, 
if any? This systematic review of previously 
published case reports addresses some of the 
gaps in understanding surrounding intratho-
racic kidneys, and helps nephrologists and 
urologists in counselling affected patients on 
likely clinical course and renal prognosis.

Why do they occur?

Intrathoracic kidneys are defined by par-
tial or complete herniation of the kidney 
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above the hemidiaphragm into the poste-
rior mediastinal compartment of the thorax 
[9]. The definitive kidney derives from the 
metanephros and ascends up to reach its final 
position by the end of the 8th week of intra-
uterine life. Aberrations in this complex, se-
quential developmental pathway predispose 
to ectopia [10]. Delayed closure or malde-
velopment of the pleuroperitoneal membrane 
which separates the pleural cavity and peri-
toneal cavity usually by 8 weeks of intrauter-
ine life, together with delayed ingrowths of 
the ureter bud into the metanephros, is one 
suggested mechanism. Attention has also fo-
cused on the interaction between the meta-
nephros and mesonephros. The metanephros 
migrates cranially, and mesonephric tissue 
involutes in the opposite direction, with de-
layed involution of the mesonephric tissue 
resulting in extension of the renal tract, and 
thoracic ectopia [11].

Demographics

It is more common in infants, and rarely 
progresses to adulthood as the majority of dia-
phragmatic hernias present as neonatal respi-
ratory distress or gastrointestinal obstruction, 
and mandate immediate surgical intervention. 
Reports of intrathoracic kidneys in adulthood 
are limited however. Donat et al. [12] identi-
fied in their review 131 cases where intratho-
racic kidneys were described between 1922 
and 1986, and highlighted reference to another 
47 in the Japanese literature. Using PubMed, 
we found 33 relevant case reports of intratho-
racic kidneys over the past 30 years. In Donat 
et al.’s [12] literature review, there was a male 
predominance with 63% male, though in our 
series there were an equal number of male and 
female cases affected.

In our cohort, the majority of intrathorac-
ic kidneys were right-sided. In previous case 
series, Bochdalek hernias were typically left-
sided, in 61 – 90% of cases [12, 13]. A num-
ber of factors favor left-sided positioning 
[14, 15]: 1) earlier embryonic fusion of right-
sided pleuroperitoneal folds, 2) left hemidia-
phragm congenitally has a weaker structure 
than the right, and 3) liver on the right side 
serves as extra protection, with narrowing 
of the right pleuroperitoneal canal by the 
caudate lobe. It has been suggested that left-

sided thoracic kidneys are more symptom-
atic [16]. Rarely, intrathoracic kidneys are 
bilateral (with a reported prevalence of 2% 
among thoracic ectopias), though none were 
described in our series, with recent reports 
restricted to the pediatric literature [17].

Classification

Pfister-Goedeke and Burnier [18] classified 
four types of intrathoracic kidney: 1) thoracic 
renal ectopia with eventration of diaphragm 
(commonest cause), 2) thoracic renal ectopia 
with diaphragmatic herniation, 3) traumatic 
rupture of diaphragm with renal ectopia, and 
4) thoracic renal ectopia with closed dia-
phragm. As well as congenital, kidney hernia-
tion can also be acquired, with direct migration 
of the kidney through t he diaphragmatic defect 
during the patient’s lifetime.

Radiology

CXR findings often reflect a posterior 
mediastinal shadow, with a rounded mass 
behind the cardiac silhouette and elevation 
of the affected hemidiaphragm [19]. CT pro-
vides characterization and anatomical defini-
tion of the lesion and helps in differentiating 
renal ectopia from causes for a posterior me-
diastinal lesion on chest radiograph, includ-
ing pulmonary sequestration and neurogenic 
masses. Abdominal ultrasound reports often 
describe an atrophic or missing kidney, so in 
such cases, follow-up chest imaging to avoid 
misdiagnosis is advised. Renal scintigraphy 
with DMSA provides an estimate of split re-
nal function and can exclude reflux and ob-
struction [20].

In the majority of cases, the intrathoracic 
kidney is located in the thoracic cavity and 
not in the pleural space, with renal vessels 
and ureter passing through the foramen of 
Bochdalek. Commensurate herniation of ab-
dominal viscera is common. Usually, there 
is no contralateral hypertrophy. Rarely, in-
trathoracic kidneys have been reported to 
possess congenital anomalies such as Pelvi-
ureteric junction (PUJ) obstruction, malpo-
sitioning and duplication of the renal pelvis 
and ureters, though this was not described in 
our series.
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Typical radiological features include ro-
tational anomaly, long ureter, anomalous 
high derivation of the renal vessel, and me-
dial deviation of the lower pole of the kidney 
[21]. Absence of such features points to an 
acquired etiology rather than congenital in-
trathoracic renal ectopia. Almost all cases are 
posteriorly located in the thorax. Those cases 
that have been described with anterior loca-
tion may relate to diaphragmatic agenesis 
rather than traditional Bochdalek hernias or 
eventration [22]

Clinical presentation and 
complications

Symptoms from intrathoracic kidneys 
ranged from respiratory, gastrointestinal, and 
genitourinary complaints. Almost a quarter 
of the reported cases were associated with a 
complication. Traditionally, inferior ectopic 
kidneys are more prone to infection, obstruc-
tion, and stone formation. 1 case reported 
pyelonephritis with secondary E. coli bacte-
remia requiring 2 weeks of antibiotics [23]. 
The stretched ureter in intrathoracic kidneys 
usually provides good drainage, however 2 
cases in our series had hydronephrosis [24, 
25]. A further 2 cases developed renal calculi 
requiring percutaneous nephrolithotomy [26, 
27]. An important practical point, ureteros-
copy and stone extraction was not feasible 
given intrathoracic location, hence the need 
for percutaneous intervention. Though re-
markably rare, there should be an awareness 
of the possibility of acute decline in patients 
with hernias associated with intrathoracic 
kidney. 1 case was in extremis with acute re-
spiratory failure secondary to lung compres-
sion in the context of herniation of a stran-
gulated colon and right kidney [28]. There 
were no reported cases of viscus perforation 
or hemorrhage.

Vascular complications have been de-
scribed previously in patients with renal 
ectopia [29] and include entrapment of the 
renal artery by the diaphragmatic crura, pos-
session of multiple aberrant arteries, to more 
typical plaque-mediated vascular stenosis 
[30]. In our series, 1 case described a rela-
tive perfusion delay to the contralateral kid-
ney likely secondary to traction phenomena 
on the vascular pedicle [25], and in 1 case, 

impaired venous return predisposed to a 
varicocele [31]. Our systematic review also 
included the first published case report of re-
nal artery stenosis to an intrathoracic kidney 
with resultant ESKD [30]. Early intervention 
in this case with either angioplasty/stenting 
or even nephrectomy (intrathoracic kidney) 
may have improved blood pressure control, 
stabilizing kidney function. This highlights a 
key role for MR or CT angiography to clearly 
delineate the vascular supply of such ectopic 
organs and a low threshold for intervention if 
stenosis identified.

Effect on renal function

In our case, it was difficult to determine 
the etiology of the patient’s renal insufficien-
cy, and the comorbid diagnoses of diabetes 
and hypertension were likely culprits rather 
than the ectopic location of his right kidney. 
Evidence in support of this is the equal split 
function and also the stability in radiograph-
ic appearances over the years. Renal function 
was documented in only a quarter of cases 
included in our review. As discussed, 1 case 
reached ESKD in the context of renovascu-
lar hypertension secondary to stenosis of the 
artery supplying the intrathoracic kidney. 
Of the 2 cases with reported CKD, 1 had 
hydronephrosis of the thoracic kidney and 
a multicystic contralateral kidney [25], and 
the other case may have been attributable to 
underlying diabetes and hypertension [20].

Surgical correction of hernias associ-
ated with intrathoracic kidneys have been 
described (Table 1), with no significant com-
plications reported. Compared to open ap-
proaches, minimally invasive laparoscopic 
and thoracoscopic diaphragmatic hernia re-
pairs have been associated with favorable 
outcomes. Robotic-assisted surgery promises 
to optimize this field further [24]. The case 
described earlier with acute respiratory com-
promise required emergent laparotomy and 
right thoracotomy. With this in mind, some 
favor pre-emptive elective surgical repairs on 
larger hernias, because of the risk of potential 
complications of bowel strangulation and in-
carceration. Other than size, it is difficult to 
predict which hernias require correction.
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Limitations

A major weakness of the study is that 
large numbers of the included case reports 
did not document renal function, therefore it 
is difficult to draw meaningful conclusions 
on the incidence of renal dysfunction with 
intrathoracic kidneys. It is likely that in the 
cases in which renal function was not report-
ed, renal function was normal. Furthermore, 
caution must be taken in over-interpreting 
our surprisingly high frequency of associated 
symptoms, given vulnerability to positive-
outcome publication bias and a tendency to 
report on the unusual. Outcomes of missing 
or non-reported cases might have been very 
different. Despite the shortcomings associ-
ated with systematic review of retrospec-
tive case reports, it was necessary to do so, 
in view of the rarity of intrathoracic kidneys 
together with absence of other research de-
signs in this field.

Conclusion

Concluding on the effect of intrathoracic 
kidneys on renal outcomes is clearly limited 
by the available literature, primarily case 
reports, many of which lack data on renal 
function. This review does highlight that 
though intrathoracic kidneys are potentially 
associated with a myriad of symptoms, the 
majority (75% of cases reviewed) are with-
out complication, with prognosis unaffected. 
A “watch and wait strategy” can be applied 
to such patients. Serial measures of kidney 
function and imaging surveillance are indi-
cated. In some cases, particularly acquired 
hernias, there can often be progression in 
the contents of the hernia sac, and second-
ary enlargement with clinical effect [24]. 
Though rare, malignancy affecting the tho-
racic kidney has also been reported [32], 
again providing further indication for careful 
surveillance. Early intervention either radio-
logically or surgically should be considered 
if complications of renovascular stenosis, 
VUJ reflux or obstruction arise, with better 
outcomes when planned electively.
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