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Abstract
Background: Diarrhea causes signi�cant morbidity among solid organ transplant recipients. It is well
described in liver and kidney transplant recipients, yet data among lung transplant (LTx) recipients is
lacking. The primary aim of this study was to characterize diarrhea in LTx recipients.

Methods: A retrospective review was performed for all patients undergoing LTx at our tertiary care
hospital between 01/2011 and 02/2019. Patient demographics, type of LTx, and transplant indication
were noted. Electronic medical records (EMR) were reviewed for the development of diarrhea (de�ned by
clinical assessment and after obtaining diagnostic studies). Clostridiodes di�cile infection (CDI) was
determined by PCR testing. LTx rejection was determined by board-certi�ed Pulmonologists as
documented in the EMR.

Results: A total of 564 patients (66.3% male, mean age 64.4 ± 8.8 years) underwent LTx during the 8-year
study period, with 289 patients (51.2%) experiencing post-LTx diarrhea. The most commonly identi�ed
etiologies of diarrhea were medication-induced (33.6%) and CDI (15.6%). Among patients with
medication-induced diarrhea, mycophenolate mofetil (MMF) was the most common offending agent
(33.3%). Diarrhea and age were signi�cantly associated with increased LTx rejection rates in multivariate
analysis (Diarrhea OR=2.26, 95% CI=1.48-3.45; Age OR=0.98, 95% CI=0.95-1.0).

Conclusions: Diarrhea is common in LTx recipients, with medication-induced diarrhea being the most
common etiology. Diarrhea and younger age were associated with an increased risk of LTx rejection.
Recognizing the causes of diarrhea in LTx recipients is important for early diagnosis and treatment,
leading to greater quality of life and improved graft function. 

Background
Lung transplantation (LTx) is a well-established treatment strategy for patients with end-stage lung
disease. While there have been improvements in surgical techniques, immunosuppressive regimens, and
lung preservation strategies, it still remains a high-risk solid organ transplant [1]. Gastrointestinal (GI)
complications are an important cause of postoperative morbidity as they can lead to drug malabsorption
(including oral antirejection medications) and malnutrition. In kidney transplantation, diarrhea has been
associated with an increased risk of graft failure and mortality [2]. Common causes of diarrhea in
transplant recipients include infectious etiologies such as Clostridiodes di�cile infection (CDI) and
medications, including immunosuppressive agents. [3]

Complications due to diarrheal and colitis diagnoses are frequent but not well described among LTx
recipients [4]. Diarrhea is de�ned as three or more loose or liquid stools per day. Evaluation of adults with
diarrhea involves obtaining a history of duration and severity of symptoms, potential exposures (such as
travel and food), recent antibiotic use, and a past medical history to determine whether the patient is
immunosuppressed, could potentially have a nosocomial infection, or underlying in�ammatory bowel
disease. For high-risk patients, such as immunosuppressed organ transplant recipients, stool testing is
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performed to identify potential bacterial, viral, or parasitic pathogens that would inform treatment
decisions and potential complications. For patients with a recent hospitalization, stool testing for CDI
should be pursued, as it is the most common cause of hospital-acquired diarrhea [5, 6]. Other important
causes of acute diarrhea in the LTx population are viral etiologies, such as cytomegalovirus (CMV), graft-
versus-host disease (GVHD) and post-transplantation lymphoproliferative diseases (PTLD). Diagnosis in
these patients involves general laboratory tests, such as a complete blood count, and endoscopic
evaluation with biopsies. Furthermore, to determine the etiology of chronic diarrhea (diarrhea > 1month in
duration), direct endoscopic evaluation of the colonic mucosa with a �exible sigmoidoscopy or
colonoscopy may be warranted to obtain biopsies for microscopic evaluation [3, 5, 6].

Diarrhea is common after LTx, though the incidence in the LTx population is unknown. Previous studies
report a wide incidence ranging from 13–43% in other solid organ and bone marrow transplantation [7, 8].
Furthermore, while distinct etiologies of diarrhea in liver and kidney transplant recipients are well
documented, diarrhea in the LTx population remains poorly described, and there are few studies that have
evaluated this complication. Nonetheless, anecdotal experience and available studies suggest that
diarrhea is a signi�cant cause of morbidity and discomfort among LTx recipients. Our retrospective
cohort study had several aims:

To describe the incidence and etiologies of post-LTx diarrhea at a high volume transplant institution.

To describe the association between diarrhea and mortality.

To describe the association between diarrhea and LTx rejection.

To elucidate factors associated with an increased risk of CDI among LTx recipients.

To describe the association between CDI and mortality.

To describe the association between CDI and LTx rejection.

Methods
We retrospectively analyzed 564 patients who underwent either single or double LTx at Temple University
Hospital between January 2011 and February 2019. Patient demographics, type of LTx, and indication for
transplant were noted. LTx recipient charts were reviewed for the development of diarrhea in either the
inpatient or outpatient setting. This study received IRB approval (IRB protocol 25631).

After obtaining a thorough history, stool studies (when deemed clinically appropriate), and therapeutic
interventions, the etiology of the diarrhea was determined by the treating physician. For patients with
negative tests and no clear inciting event for their diarrhea, their diarrheal episode was de�ned as
diarrhea of unknown origin. All patients with diarrhea documented as an active medical problem were
included. CDI was determined by con�rmatory PCR testing. LTx rejection was determined by board-
certi�ed Pulmonologists as documented in the EMR. Gastroenterology, infectious disease, and general
surgery consultations were obtained as needed.
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Data were expressed as means and percentages. Odds ratios, con�dence intervals, and probability values
were calculated. Logistic regression and chi-square analyses were performed using SPSS v25.

Results
A total of 564 patients underwent either single or double LTx at our high volume LTx institution between
January 2011 and February 2019 (mean age 64.4 ± 8.8 years; 66.3% male). Most LTx recipients (41.6%)
underwent bilateral sequential LTx, with the most common indication for LTx being restrictive/�brotic lung
disease (68.4%). Of these 564 patients, 126 (22.3%) had an episode of rejection, and 180 (31.9%) were
deceased at the time of the study.

Post-LTx diarrhea was noted in 289 of these patients (51.2%; mean age 63.4 ± 9.8 years; 60.5% male).
Late onset diarrhea (> 30 days) (193 patients, [67.5%]) was more common than early onset diarrhea (< 
30 days) (92 patients [32.2%]). At the time of the study, 99 patients (34.0%) who developed post-LTx
diarrhea were deceased as compared to 81 patients (29.8%) who never developed post-LTx diarrhea
(Table 1).
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Table 1
Patient demographics of LTx recipients with diarrhea

    Total Number of LTx
Recipients with Diarrhea

% of All LTx Recipients
with Diarrhea

Gender      

  Male 176 60.5

  Female 115 39.5

Age*      

  21–30 years 6 2.0

  31–40 years 5 1.5

  41–50 years 11 3.8

  51–60 years 58 19.8

  61–70 years 147 50.3

  71–80 years 64 21.9

Type of LTx      

  R Single 70 24.1

  L Single 84 28.9

  Bilateral Sequential 121 41.6

  Double 16 5.5

Indication
for LTx

     

  Restrictive/Fibrotic
Lung Disease**

199 68.4

  Obstructive Lung
Disease***

77 26.5

  Pulmonary
Hypertension

3 1.0

* Mean Age of Onset: 64.4 ± 8.8 years.

** Idiopathic pulmonary �brosis (IPF), Sarcoidosis, Combined pulmonary �brosis and emphysema
(CPFE), Acute respiratory distress syndrome (ARDS), Bronchiolitis obliterans organizing pneumonia
(BOOP).

*** Chronic obstructive lung disease (COPD), Emphysema.

**** Bronchiectasis, Desquamative interstitial pneumonia, Interstitial pneumonitis.
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    Total Number of LTx
Recipients with Diarrhea

% of All LTx Recipients
with Diarrhea

  Other**** 8 2.7

Onset of
Diarrhea

     

  Early Onset (< 30 days) 92 32.2

  Late Onset (> 30 days) 193 67.5

Mortality      

  Alive 192 66.0

  Deceased 99 34.0

* Mean Age of Onset: 64.4 ± 8.8 years.

** Idiopathic pulmonary �brosis (IPF), Sarcoidosis, Combined pulmonary �brosis and emphysema
(CPFE), Acute respiratory distress syndrome (ARDS), Bronchiolitis obliterans organizing pneumonia
(BOOP).

*** Chronic obstructive lung disease (COPD), Emphysema.

**** Bronchiectasis, Desquamative interstitial pneumonia, Interstitial pneumonitis.

In both unadjusted and multivariate analyses, diarrhea was not associated with increased mortality
among LTx recipients (univariate: p = 0.28, OR = 1.22, CI = 0.86–1.74; multivariate, after controlling for age,
gender, and LTx indication: p = 0.34, OR = 1.19, CI = 0.83–1.71). Furthermore, the onset of diarrhea (early
vs. late) was not associated with increased mortality (univariate: p = 0.16, OR = 1.48, CI = 0.86–2.54;
multivariate: p = 0.17, OR = 0.68, CI = 0.39–1.18) (Table 2).

Table 2
Univariate and multivariate analysis for predictors of mortality in LTx recipients

  Odds Ratio
(OR)

Univariate p-
value

Adjusted
OR

Multivariate p-
value

Early onset vs late onset
diarrhea

1.48 0.16 0.68 0.17

Age - - 1.0 0.72

Gender - - 0.93 0.78

LTx indications* - -   All p > 0.05*

*All LTx indications were controlled for in analysis: obstructive lung disease, �brotic/restrictive lung
disease, pulmonary hypertension, and other.
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Among all LTx recipients with diarrhea, 79 (27.2%) developed acute, chronic, or combined (acute and
chronic) rejection. Acute rejection was most common, occurring in 43 patients (14.8%), with cellular
rejection being the most common form of rejection in this cohort (13.1%). (Table 3).

Table 3
LTx rejection in LTx recipients with diarrhea

Type of Rejection Total Number of LTx Recipients with
Evidence of Rejection

Frequency among All LTx Recipients
with Diarrhea (%)

Acute Rejection 43 14.8

Chronic Rejection 23 7.9

Combined

(Acute and Chronic
Rejection)

13 4.5

Total 79 27.2

Antibody Mediated
Rejection

16 5.5

Cellular Rejection 38 13.1

Not noted 25 8.7

Total 79 27.3

In unadjusted and multivariate analyses, diarrhea was associated with increased rates of LTx rejection
(univariate: p < 0.001, OR = 2.22, CI = 1.47–3.37; multivariate: p < 0.001, OR = 2.26, CI = 1.48–3.45). In
addition, multivariate analysis demonstrated that younger age was associated with increased rates of
LTx rejection (p = 0.04, CI 0.98, CI = 0.95-1.0) (Table 4).

Table 4
Logistic regression for predictors of rejection in LTx recipients

  Adjusted OR 95% CI P-value

Diarrhea 2.26 1.48–3.45 < 0.01

Age 0.98 0.95- 1.0 0.04

Gender 0.93 0.61–1.43 0.75

LTx Indications*     All p > 0.05

*All LTx indications were controlled for in analysis: obstructive lung disease, �brotic/restrictive lung
disease, pulmonary hypertension, and other.

The most commonly identi�ed etiologies of diarrhea in LTx recipients were medication-induced diarrhea
(97 patients [33.6%]) and CDI (45 patients [15.6%]). There were a considerable number of patients with
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diarrhea of unknown origin (89 patients [30.8%]). Other less common etiologies were diet or enteral
nutrition, viral etiologies (including cytomegalovirus), and chronic diarrheal syndromes such as irritable
bowel syndrome (IBS) (Table 5).

Table 5
Etiologies of diarrhea in LTx recipients

Etiology of Diarrhea Total Number of LTx Recipients with
Diarrhea

% of All LTx Recipients with
Diarrhea

Medication-Induced 97 33.6

CDI 45 15.6

Diet and Tube Feeds 15 5.2

Other* 15 5.2

Viral (incl. CMV) 14 4.8

Chronic (incl. IBS) 14 4.8

Diarrhea of Unknown
Origin

89 30.8

*Post-infectious GI Dysmotility Syndrome, small bowel obstruction, chronic pancreatitis, diverticulitis,
dumping syndrome, rectal cancer/chemotherapy/radiation.

Among patients with medication-induced diarrhea (mean age 65.2 ± 7.5 years; 58.5% male),
mycophenolate mofetil (MMF) was the most common etiology (33.3%; mean age 64.9 ± 10.0 years;
48.4% male), followed by tacrolimus/sirolimus (7.5%; mean age 66.9 ± 5.7 years; 57.1% male),
atovaquone (7.5%; mean age 66.7 ± 7.3 years; 57.1% male), and magnesium (7.5%; mean age 64.0 ± 4.5
years; 71.4% male). Lactulose, nintedanib, and metformin resulted in early onset diarrhea (14.3, 24.0, and
26.3 days after LTx respectively) while the remaining medications noted in Table 6 largely resulted in late-
onset diarrhea.



Page 10/17

Table 6
Medication-induced diarrhea in LTx recipients

Medication Total Number of LTx
Recipients with
Medication-Induced
Diarrhea

% of
Medication-
Induced
Diarrhea

Mean
Age
(Years)

Gender
(%
Male)

Onset of
Diarrhea
After LTx
(Days)

Mycophenolate
Mofetil

31 33.3 64.9 48.4 267.6

Tacrolimus/Sirolimus 7 7.5 66.9 57.1 476.3

Atovaquone 7 7.5 66.7 57.1 172.7

Magnesium 7 7.5 64.0 71.4 510.3

Stool Softeners 6 6.5 66.3 50.0 126.3

Immunosuppression
NOS

4 4.3 61.8 50.0 397.0

Lactulose 3 3.2 62.3 66.7 14.3

Metformin 3 3.2 68.3 100 26.3

Nintedanib 1 1.1 69.0 0.0 24.0

Other* 11 11.8 65.6 90.9 190.4

Not Noted 13 14.0 64.5 46.2 426.3

*Erythromycin, Reglan, Liraglutide, Bactrim, Azithromycin, Diltiazem, Amoxiciilin-Clavulanic Acid.

CDI occurred in 45 patients (mean age 61.6 ± 9.9 years; 66.7% male) and was further subdivided into
early CDI (< 30 days) and late CDI (> 30 days). Early CDI occurred in 15 patients (mean age 60.3 ± 12.0
years; 80% male) with a mean onset of 17.1 ± 6.7 days post-LTx. Late CDI developed in 30 patients (mean
age 61.8 ± 8.7 years; 60% male) with a mean onset of 400.5 ± 401.4 days post-LTx (Table 7). The
presence of rejection increased the likelihood of CDI (OR = 2.65, p = 0.003, 95%CI 1.39–5.06). However,
other LTx recipient factors were not signi�cant predictors for CDI development (Table 8). At the time of
this study, 19 patients (42.2%) with CDI were deceased. CDI did not increase the risk of mortality in LTx
recipients (p = 0.16). Furthermore, timing of CDI (early vs. late) was not associated with an increased risk
of mortality (p = 0.39). There were no reported deaths secondary to CDI.
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Table 7
Early vs late CDI in LTx recipients

  Total Number of
LTx Recipients
with CDI

% of All
LTx
Recipients

Mean
Age
(Years)

Gender

(%
Male)

Onset of
Diarrhea
After LTx

(Days)

Number of Deceased
LTx Recipients with CDI
at Time of Study

Early
CDI

15 2.7 60.3 80.0 17.1 5

Late
CDI

30 5.3 61.8 60.0 400.5 14

CDI
(Total)

45 8.0 61.6 66.7 288.3 19

Table 8
Logistic regression for predictors of CDI in LTx recipients

  Adjusted OR 95% CI P-value

Age 0.99 0.96-1.0 0.50

Gender 1.19 0.60–2.32 0.62

Rejection 2.65 1.39–5.06 0.003

LTx Indications*     All p > 0.05

*All LTx indications were controlled for in analysis: obstructive lung disease, �brotic/restrictive lung
disease, pulmonary hypertension, and other.

Discussion
Diarrhea is a frequently encounter encountered symptom in LTx recipients, occurring in 51.2% of our
cohort. Diarrhea is of particular clinical signi�cance, as it may lead to other serious adverse effects such
as graft rejection (possibly from inadequate absorption of antirejection medications), dehydration,
malabsorption, and medication non-adherence. In our study, we found that the most frequent cause of
diarrhea in LTx recipients was medication-induced diarrhea (97 patients [33.6%]) followed by diarrhea due
to CDI (45 patients [15.6%]). These �ndings correlate with previous studies and our anecdotal experience
with LTx recipients: medication-associated side effects and infection are common causes for diarrhea [3,
9]. It can be postulated that the use of immunosuppressive agents and broad-spectrum antibiotics in the
immediate post-operative period account for these �ndings.

Studies among kidney transplant recipients demonstrate that post-transplant diarrhea varies by
immunosuppressive regimen, ranging from 9–33% [10]. LTx recipients at our institution are most
commonly started on MMF, tacrolimus, and low dose prednisone. MMF has been frequently implicated in
post-transplant diarrhea. In a meta-analysis by Knight et. al, a signi�cant increase in the risk of diarrhea
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was observed with MMF (RR 1.57, CI 1.33–1.86, p < 0.0001) [9]. Our results are consistent with this
�nding, as MMF use was shown to be the most common cause of medication-induced diarrhea in our
cohort. It is proposed that MMF can cause direct drug toxicity and damage by inhibiting replication and
repair of intestinal epithelial cells, thus leading to diarrhea [11].

Tacrolimus is also associated with an increased risk of diarrhea. Studies have shown that the incidence
of post-transplant diarrhea due to tacrolimus is increased in liver and kidney transplant recipients.
Ginsbrug et. al reviewed diarrhea in liver transplant recipients and described the LIS2T trial (Levy et. al),
which compared the microemulsion form of cyclosporine with tacrolimus. Notably, the incidence of
diarrhea was signi�cantly higher in the tacrolimus group (29% vs. 14%, p < 0.001) compared to
cyclosporine. This association was further described in the Symphony study by Ekberg et, al, in which
several immunosuppressant agents in renal transplant recipients were evaluated for adverse events. The
tacrolimus group was noted to have the highest incidence of diarrhea (27.4%) [10, 12]. The mechanism of
diarrhea in patients receiving calcineurin inhibitors is unknown. However, when evaluating kidney
transplant patients, the tacrolimus trough levels were signi�cantly elevated before the onset of diarrheal
symptoms [12]. This suggests that tacrolimus itself is toxic to the GI epithelium, thereby leading to
diarrhea. Furthermore, tacrolimus may have an effect on intestinal motilin receptors to some degree given
its’ macrolide structure [13].

CDI was noted to be the second most common cause of diarrhea in our cohort. The incidence and clinical
course are in�uenced by a variety of factors: patient co-morbidities, concurrent illnesses, and the degree
and duration of broad-spectrum antimicrobial exposure [12].

CDI is associated with increased mortality in solid organ transplants, although data is scarce in LTx
recipients. Lee et. al performed a retrospective record review of 388 patients which showed that LTx
recipients who developed CDI (89 patients [22.9%]) had a higher risk of death, especially when CDI
developed within the �rst 6 months of LTx [14]. Notably, our large cohort study did not show that the
development of CDI (45 patients [15.6%]) was associated with an increased risk of mortality in either
early or late CDI. Since 2011, our institution has implemented a CDI treatment protocol in all patients with
a history of CDI. These patients preemptively received oral vancomycin 125 mg, 4 times daily while on
antibiotics and for 7 days thereafter. While this was not the focus of the study nor directly evaluated, this
could account for the lower incidence of CDI and therefore, no signi�cant association with mortality
observed in our cohort.

Importantly, CDI development was signi�cantly associated with presence of rejection (OR = 2.65, p = 
0.003). It is plausible this observation is due to broad-spectrum antibiotics, especially in the setting of a
decompensated patient presentation (e.g. a hypoxic LTx patient presenting with in�ltrates on chest
imaging and ultimately found to be in rejection). LTx recipients receive aggressive antimicrobial and
immunosuppressive therapy postoperatively, thereby making them susceptible to infection. The initial
broad-spectrum antibiotic use along with immune suppression could lead to heightened risk of CDI
development in LTx recipients.
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It is interesting to note that among LTx recipients who developed late onset CDI, the mean onset was
400.5 days post-LTx, suggesting that providers must remain vigilant of diarrhea that develops > 1 year
after LTx and continue to screen for CDI when deemed clinically appropriate. CDI constitutes a signi�cant
proportion of post-LTx diarrhea and therefore requires efforts to control transmission of disease and
prompt recognition to facilitate management.

Our study demonstrates that diarrhea is associated with an increased risk for LTx rejection. This can be
due to a number of factors. Diarrhea may reduce absorption of anti-rejection medications, either by
leading to rapid transit of medications through the GI tract or by direct injury to the small bowel, thereby
leading to increased rejection. If frequent dose adjustments are required to alleviate diarrheal symptoms,
this may lead to sub-therapeutic immunosuppression levels. Lastly, discontinuation of
immunosuppressive medications with trials of other immunosuppressive medications by either patients
or clinicians can result in graft dysfunction and rejection. Of note, younger LTx recipients were at
increased risk for LTx rejection when compared with their older counterparts. This �nding is in keeping
with current literature that suggests that increased age is associated with decreased rejection rates.
Vadnerkar et. al performed a retrospective review of LTx recipients at their institution. The authors noted
that LTx rejection was more common among patients 60–65 years old as compared to those > 65 years
old, hypothesizing that age-associated immunosenescence may be responsible for lower rejection rates
among older LTx recipients [15].

Lastly, recipient factors (i.e. age, gender, and indication for transplant) did not in�uence the development
of post-LTx diarrhea in our study, suggesting that post-LTx diarrhea is an independent complication that
can be seen in any patient, making post-operative vigilance and preemptive measures important for all
post-LTx patients.

This is a large, single-center study evaluating LTx recipients and a common, yet poorly described post-
operative complication: diarrhea. Temple University Hospital is a major lung transplant center, allowing
for signi�cant data collection and observation. Limitations of our study include bias inherent to
retrospective studies. Variations in diagnostic workups and interventions during the study period may
lend to variable patterns and duration of symptoms. Many of our patients travel from far distances for
LTx evaluation and thus may have completed GI evaluations outside our institution, leading to additional
variation, as some data may not have been captured. Our study could be strengthened by the addition of
information on all stool and endoscopic testing done outside our institution, antibiotic duration, diarrheal
complications leading to surgical intervention, and the hospitalization rate due to diarrheal symptoms. In
addition, not all providers documented the proposed etiology of diarrhea, which further limits analysis.

Our study was performed prior to the onset of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic. While patients with SARS-CoV-2 often present with respiratory symptoms and
fever, GI symptoms have been reported, including diarrhea in up to 50% of patients [16]. In a multi-center
study conducted in China, Pan et. al investigated patients presenting with digestive symptoms (103
patients) and found that anorexia (81 patients [78.8%]) and diarrhea (35 patients [34%]) were most
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commonly reported. At present, little is known about the relationship between SARS-CoV-2 and post-LTx
diarrhea but should be explored in future analyses [17].

Conclusions
As seen in other solid organ transplant populations, post-LTx diarrhea is a frequently encountered
phenomenon. Our large retrospective review identi�es diarrhea occurring in more than half of all LTx
recipients, with medication-induced diarrhea representing the most substantial etiology, followed by CDI.
Importantly, diarrhea is signi�cantly associated with increased LTx rejection. Perhaps diarrhea interferes
with the antirejection therapies, limiting contact time for absorption. It is also reasonable to speculate
that these medications are being discontinued due to the diarrheal side effects, leading to rejection.
Recognizing the etiologies of diarrhea in LTx recipients and their prevalence allows for early diagnosis
and expedient delivery of appropriate medical management, which is of the uptmost importance for
improving quality of life and preventing graft rejection.
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