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Abstract
Background & Aims Gastrointestinal bleeding (GIB) is the most common bleeding complication post
transcatheter aortic valve replacement (TAVR). Yet, the literature is sparse and incomplete. This study aims
to identify the incidence and risk factors for GIB immediately following TAVR. Methods A retrospective study
was performed among 489 patients who were hospitalized for TAVR at UC Davis Medical Center from
(January 1, 2012 to June 30, 2017). The incidence of both upper and lower GIB, and potential risk factors
during the same hospitalization were reviewed. Univariate analysis was done to identify independent risk
factors. Results Mean age was 81.6 years and 49% were male, 23% had CKD3 or worse, 34% had history of
prior GIB. Mean baseline Hgb and platelet count were 12.0 g/dl and 197000/ml, respectively. Dual
antiplatelet therapy and anticoagulation were used in 396 (81%) and 155 (32%) patients, respectively.
Gastric prophylaxis with either PPIs or H2 receptor blockers was used in 336 (69%). Incidence of GIB was
1.4% (7/489) with 5 cases of upper GIB, 1 small intestinal GIB and 1 lower GIB. The most common culprit
lesion found during endoscopy was angiodysplasia (3/5) and successful endoscopic intervention was
performed. On univariate regression analysis, only a low hemoglobin level on admission was associated
with increased likelihood of GIB (OR=1.49, p=0.051 per 1 g/dl decrease). Conclusions GIB is rare
immediately post-TAVR. Angiodysplasia was the most common etiology in our series. Baseline anemia is a
predictor of GIB in this setting.

Background
Aortic stenosis (AS) is the most prevalent valvular disease in the United States with increasing prevalence
as advances in health care increase the life expectancy of the US population. The prevalence and severity of
AS increases with age, with 1 in 8 people older than age 75 showing moderate to severe AS [1-3].
Since the FDA approval of the Edwards SAPIEN device in November 2011, rates of transcatheter aortic valve
replacement (TAVR) have increased significantly from 4627 procedures in 2012 to 34892 procedures in
2016 [4]. With introduction of new technology and expansion of its indications, TAVR is only expected to
grow in the coming years [5]. Gastrointestinal bleeding (GIB) has been shown to be the most common
bleeding complication post TAVR, likely due to a multitude of factors such as advanced age, use of
antiplatelet agents and anticoagulants, chronic kidney disease, and a prior history of GI pathology [6, 7].
Gastroenterologists are commonly consulted out of concern for GIB in patient hospitalized after TAVR.
However, there are not many studies that address the rate and patterns of GIB during index hospitalization.
In the present paper, we review a large series of patients in a single tertiary care hospital to characterize the
patterns of both upper and lower GIB in the index hospitalization for TAVR and identify potential risk factors.

Methods

Study Design and Patient Population
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This is a retrospective cross-sectional study of all consecutive patients with symptomatic severe AS who
were hospitalized for TAVR at UC David Medical Center (UCDMC) from January 1, 2012 to June 30, 2017.
TAVR procedures were performed via either the transapical or transfemoral approach. Sapien 3 Valve
(Edwards Lifesciences) and Medtronic CoreValve Evolut R (Medtronic) were used in most patients.
Following TAVR, most patients were treated with single or dual antiplatelet agents such as aspirin or P2Y12
inhibitors; however, there were variations in this regimen due to patients requiring anticoagulation for
reasons such as venous thromboembolism, atrial fibrillation, etc. A loading dose of P2Y12 inhibitor was
administered before TAVR in patients who were not taking such medications prior to TAVR. Proton pump
inhibitors and histamine antagonists were often utilized for GI prophylaxis but were not a part of a routine
post-procedural TAVR order set. Data regarding medication administration was extracted from a
computerized system that records each encounter for medication administration based on a unique barcode
that the administering nurse scans into the medication delivery system.
Medical record numbers were extracted from an ongoing database of patients undergoing TAVR at UCDMC
over this time. Of these, patients with incomplete and/or inadequate medical records and inmates were
excluded. Data extracted included, patient demographics, hemoglobin, MCV, creatinine, platelets and INR on
admission, antithrombotic therapy including vitamin K antagonists or novel oral anticoagulants (NOACs)
and antiplatelet therapies pre-procedure, colon cancer screening status, history of chronic kidney disease
and chronic liver disease, history of GI disease and GI prophylaxis. Patients who developed GI bleeding were
identified from review of medical records. GIB was defined as clinical evidence of upper or lower GIB such
as hematemesis, melena, and hematochezia or hemoglobin drop of 2 g/dl without any other obvious non-GI
cause. The incidence of GIB was calculated by dividing the number of all consecutive cases in the specified
period by the number of GIB (both upper and lower) cases. In patients who underwent endoscopy, data
regarding etiology and location of the bleeding lesions and need for endoscopic treatment was extracted
from the procedure note.

Statistical Analysis
Descriptive data was reported as percentages, means and standard deviation (with range when
appropriate). For comparison of the clinical variables in the 2 groups (GIB vs. non-GIB), we used t-test for
continuous variables and Fisher exact test for categorical variables. Due to severe imbalance in the sample
size in the two groups, asymptotic properties may not be well met (e.g., interpretation of p-value). Univariate
regression analysis was performed to estimate odds ratio between risk factors and GIB, and due to rare
assumption, odds ratio may approximate risk ratio reasonably well.

Results
Of 508 records reviewed, 489 met the inclusion criteria. Mean age was 81.6 ± 8.2 years (range 27 to 98).
Women and men were represented equally in our study. Baseline characteristics of patients are summarized
in (Table 1). Mean baseline hemoglobin level in the group with GI bleeding was lower than the group who
did not have post procedural GIB (10.6 g/dl vs 12.0 g/dl, p=0.04). Dual antiplatelet therapy (DAPT) was
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used in 396 (81.0%) patients. Anticoagulation (mainly with warfarin) was used in 155 (31.7%) patients.
Triple therapy with DAPT and anticoagulation was used in 91 patients (18.6%). Gastric prophylaxis with
either PPIs or H2 receptor blockers was used in 336 (68.7%).
Incidence of GIB was 1.4% (7/489). Gastroenterology consultation was requested for hematemesis in three
patients, melena in two patients, hematochezia in one patient and acute drop in hemoglobin in one patient.
Endoscopy was recommended by the consulting gastroenterologist in all patients; however, two refused to
undergo endoscopy. Three patients underwent upper endoscopy, one patient underwent both upper
endoscopy and colonoscopy and one patient underwent upper endoscopy, colonoscopy and video capsule
endoscopy of the small intestine. After appropriate work up, five cases of upper GIB, one case of small
intestinal bleeding and one case of lower GIB were identified. Angiodysplasia was seen in three patients
(one in stomach, one in jejunum and one in cecum) and esophagitis in two patients. Endoscopic treatments
in the form of argon plasma coagulation were rendered in three patients; one patient with a deep
gastroesophageal junction ulcer and another patient with severe esophagitis were not candidates for
endoscopic hemostatic intervention. No patients needed interventional radiology or surgical intervention for
control of bleeding. Four patients needed packed red blood cell transfusion. Mean length of hospitalization
was 6.1 days. It was significantly longer in patients with GIB compared to those without GIB (8.7 vs 6.0
days, p=0.026). Complete characteristics and variables specific to the gastrointestinal bleeding group for
the above studied patients admitted for TAVR are displayed in (Table 2).
Using univariate logistic regression, we analyzed the effect of age, baseline hemoglobin, DAPT, triple
anticoagulation, gastric prophylaxis, history of GIB, CKD and chronic liver disease on occurrence of GIB after
TAVR. Lower baseline hemoglobin (1 g/dl decrease) was associated with increased odds of GIB (OR 1.49,
95% CI 0.998-2.24, p=0.051).

Discussion
Although early (within 30 days) and late (after 30 days) bleeding complications of TAVR have been reported
on [7-9], there is limited data regarding the incidence of GIB during the immediate post procedural period. We
report a single center experience of 489 patients undergoing TAVR at a tertiary care hospital. The overall rate
of both upper and lower GIB bleeding was 1.4% in our cohort. Similarly, a study on 841 patients undergoing
TAVR reported an incidence of 2% for upper GIB in the immediate post TAVR period [10]. For comparison, the
rate of GIB within 30 days and after 30 days of TAVR have were reported to be 2.41% and 5.4%, respectively
(7,8)
The most common culprit lesion found during endoscopy in our cohort was angiodysplasia occurring in
0.6% of patients. The incidence of GIB presumed due to small intestinal angiodysplasia in patients with
untreated AS has been reported at 0.9% in one study [11]. The association between severe AS and GIB is
classically represented in Hyde syndrome. First described by Edward Hyde in 1958 [12], the pathogenesis of
this syndrome is thought to involve an acquired von Willebrand Factor (vWF) deficiency due to shear stress
from the stenotic aortic valve and formation of angiodysplasia in the gastrointestinal mucosa due to

Page 4/10

relative ischemia [13]. In our cohort, all patients with angiodysplasia as their source of GIB were
successfully treated with argon plasma coagulation.
As mentioned earlier, patients who undergo TAVR are at risk for GIB due to multiple reasons and it may
prove useful to identify preprocedural risk factors that could be modified. In our cohort, the only factor that
predicted a risk of bleeding was low hemoglobin at baseline. We hypothesize that patients who had low
hemoglobin prior to TAVR likely had preexisting lesions, such as angiodysplasia, which had caused anemia
through ongoing low-level bleeding. Subsequently, these underlying lesions were unmasked and resulted in
GIB in the post procedure period due to factors related to the procedure itself or related pharmacotherapy
such as anticoagulation or triple therapy.
In our cohort, DAPT and triple therapy with concomitant DAPT and anticoagulation were not found to be
associated with increased likelihood of GIB in the immediate postop period (p>0.1). The existing literature
on the correlation between DAPT, anticoagulation and risk of bleeding is conflicting. Some studies have
reported that patients on postprocedural triple antithrombotic therapy were at the highest risk for severe
upper GIB. More specifically, these patients were found to be at a >10-fold higher risk of upper GIB when
compared to patients not on triple antithrombotic therapy [10]. However, a meta-analysis of nine studies
comparing DAPT with either aspirin monotherapy or monoantiplatelet therapy (MAPT) plus anticoagulation
did not show an increased risk of major bleeding in the DAPT group although GI bleeding was not
specifically reported in the study (OR, 1.69; 95% CI, 0.86-3.31; P = 0.13) [14]. In another meta-analysis of 410
patients, the relative risk of major bleeding in patients who were treated with DAPT compared to MAPT was
41% (95% CI, 0.25-0.69, Z = 3.41, P = 0.0006, I2 = 33%). After removing a single study which was the major
contributor to increased risk in this review, no statistically significant difference was observed between
groups in terms of major bleeding (RR = 0.64 95% CI, 0.34-1.22, P = 0.18) [15]. One of the factors that could
explain for a lack of increased risk of bleeding with either DAPT or concomitant DAPT and anticoagulation
in our study may be the short time frame in which patients were analyzed in this study which did not allow
for these medications to reach therapeutic levels. It is also possible that patients may have been discharged
home and subsequently suffered a significant GIB that was not captured within the immediate index
hospitalization. Finally, this finding may also be due to a relatively low incidence of the primary endpoint
(GIB) and it is possible that our study was not adequately powered to detect a small difference.
GI prophylaxis, with either proton pump inhibitor or histamine antagonist, was given post-procedurally to
69% (336/489) of patients undergoing TAVR. The rate of GIB did not differ between those who did and did
not receive GI prophylaxis. Similar results have been reported in a large randomized controlled trial of 222
patients who were assigned to either aspirin alone or aspirin plus clopidogrel. All GIB events (5/111)
occurred in patients who were on proton pump inhibitors [16].As stated above, angiodysplasia was the most
common culprit lesion found during endoscopy in our cohort which is a condition not responsive to the
therapeutic effects of acid suppression. Given the above findings, future studies should continue to explore
the utility and safety of prescribing post-procedural GI prophylaxis, specifically PPIs, to decrease the risk of
GIB, which has historically been left to the physicians’ judgment. PPIs cause side effects such as acute
interstitial nephritis, clostridium difficile infection, pneumonia, spontaneous bacterial peritonitis, electrolyte
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and malabsorption abnormalities and osteoporosis, to name a few, and have also been implicated in drugdrug interactions [17].
One of the strengths of our study is the relatively large sample size over a long period of time. Another
strength of this study is the means by which medication administration data was collected and the
accuracy of this data. In our study medication administration date, time, dose, and route was extracted by
reviewing data which was populated during each nursing medication administration encounter thereby
minimizing any errors which might have caused if medication data was gathered through review of
physician notes or medication administration records. To the best of our knowledge our study is also the
first to report the rate of both upper and lower GI bleeding during index hospitalization for TAVR.
Our study is limited by its retrospective examination of the TAVR database at a tertiary center and the low
rate of the outcome of interest which could cause lack of statistical significance. Lastly, our study focused
on the events happening during the index hospitalization and therefore any bleeding occurring later would
have been missed. The prognostic significance of immediate postop bleeding remains uncertain. Therefore,
future studies are needed to investigate any association between bleeding during index hospitalization and
early and late bleeding. Future studies should be performed to assess applicability and possible benefits of
performing preoperative workup with endoscopy prior to TAVR procedure in patients with baseline anemia.
Lastly, the necessity of the largely accepted PPI therapy for GI prophylaxis should be further investigated
and validated.

CONCLUSIONS
In conclusion, we demonstrate gastrointestinal bleeding is rare immediately post-transcatheter aortic valve
replacement. Angiodysplasia was the most common etiology in our series of 482 elderly patients, 23% of
whom had advanced chronic kidney disease. When indicated, endoscopy was a safe and successful
method in achieving hemostasis in our patient population. Baseline anemia is a predictor of gastrointestinal
bleeding in this setting.
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Tables
Table 1: Baseline Variables of Non Gastrointestinal Bleeding Group and
Gastrointestinal Bleeding Group in Patients Admitted for TAVR to UC Davis Health
System, January 2012 to June 2017.
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Mean (SD) for continuous variables or
n (%) for binary variables
Variables
Age (years)
Male

No GIB (n=482)

All GIB (n=7)

P-value

81.6 (8.2, range: 27-98)

81.6 (10.8, range: 68-93)

0.98

239 (48.9%)

1
3 (0.6%)

HGB (g/dL)

12.0 (1.8)

10.6 (2.1)

0.049

MCV (fL)

91.6 (6.7)

93.9 (4.8)

0.35

197 (68)

188 (48)

0.72

1.1 (0.2) †

1.2 (0.4)

0.60

Serum Creatinine (mg/dl)

1.4 (1.0)

1.6 (1.0)

0.62

Dual antiplatelet therapy

391 (80.0%)

5 (1.0%)

0.62

Anticoagulation

151 (30.9%)

4 (0.8%)

0.22

88 (18.0%)

3 (0.6%)

0.12

329 (67.3%)

7 (1.4%)

0.1

19 (3.9%)

0 (0%)

1

Chronic kidney disease

111 (22.7%)

2 (0.4%)

0.66

History of GIB

165 (33.7%)

1 (0.2%)

0.43

95 (29.8%)

6 (1.9%)

0.0009

Platelet count (103/µL)
INR

Triple therapy
Gastric prophylaxis
Chronic liver disease

History of colonoscopy*

(%) of total population (n=489)
*Data available for 319 patients only; †data available for 480 patients.
P-values for continuous variables are from Wilcoxon Test and those for binary variables are from t-test.
DAPT: Dual antiplatelet therapy; GIB: Gastrointestinal bleeding; INR: International normalized ratio;
HGB: Hemoglobin; MCV: Mean corpuscular volume; SD: Standard deviation.

Table 2: Patient Characteristics and Endoscopic Variables in those with GI Bleeding Post TAVR, January 2012 to
June 2017.
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Age

Sex

HGB

MCV

DAPT

Gastric

CKD

ppx
72

Male

9.2

95.7

No

Yes

History

Reason

Lesion

Treatment

Acute anemia

Jejunal

APC

of GIB
Yes

Yes

angiodysplasia

71

Female

9.2

91.9

No

Yes

No

No

Hematemesis

Refused EGD

N/A

87

Female

12.1

94.8

No

No

No

No

Hematemesis

3 cm deep

Not
amenable to

GE junction

endotherapy

ulcer
68

Male

7.7

91.7

No

No

Yes

No

Hematemesis

4-5

APC

subcentimeter
Gastric
angiodysplasias
92

93

Male

13.8

94.5

No

Yes

No

No

Hematochezia

Refused EGD

N/A

Female

11.8

102.5

No

No

No

No

Melena

Esophagitis

No
endotherapy
indicated

88

Female

10.5

86.5

No

No

No

No

Melena

7 mm

APC

Cecal
angiodysplasia

APC: Argon plasma coagulation; CKD: Chronic kidney disease; DAPT: Dual antiplatelet therapy; EGD:
Esophagogastroduodenoscopy; GE: Gastroesophageal; GIB: Gastrointestinal bleeding; HGB: Hemoglobin; MCV:
Mean corpuscular volume; ppx: Prophylaxis.
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