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ABSTRACT

Hemolysis combined with renal injury is a rare but seri-
ous complication after mitral valve repair. Here, we report 
two representative cases of hemolysis combined with renal 
injury. Although timely reoperation was not possible for sev-
eral reasons, different clinical outcomes were observed that 
could aid in future decisions.

INTRODUCTION

Hemolytic anemia after mitral valve repair is a rare and 
serious complication of mitral regurgitation (MR); it can 
induce acute kidney injury, and even cause irreversible 
damage. Thereby, we report two representative cases related 
to hemolysis combined with renal injury after mitral valve 
repair, and discuss the mechanisms and treatment experience.

CASE REPORT

Case 1
Upon echocardiography, a 67-year-old woman with dyspnea 

on exertion was found to have severe MR with a prolapsed P1 
segment, and severe tricuspid valve regurgitation (Figure 1A). 
The patient underwent mitral valve repair, and tricuspid valve 
repair. The mitral valve repair procedure consisted of a rectan-
gular resection of the 1cm wide P1 section, and annuloplasty 
with a 28mm prosthetic annuloplasty ring (Edwards). Intra-
operative transesophageal echocardiography (TEE) showed 
no significant mitral regurgitation jet after valve repair. Ten 
days after the surgery, repeated echocardiography showed mild 
residual mitral regurgitation (Figure 1B).The postoperative 
course was uneventful and the patient was discharged. 

Two months later, the patient came back with shortness 
of breath and palpitations. Hematology examination showed 
that hemoglobin was 7g/dL, indirect bilirubin was 28.4 
umol/l, total bilirubin was 35.2umol/L, lactate dehydroge-
nase (LDH) was 2218u/L, haptoglobin <0.06g/L, ferritin was 

318.80ng/mL. Renal function is normal. A peripheral blood 
smear indicated the intravascular hemolysis with schistocytes 
(Figure 2A). After the transfusion of three units of red cell, 
the level of hemoglobin increased to over 8g/dL and was kept 
stable for two weeks, and the patient was discharged. 

Only one week later, the patient was admitted again for 
severe vomiting and diarrhea. Hematology examination 
showed significant acute kidney injury: blood urea nitrogen 
(BUN) was 23.95mmol/L and creatinine was 197.14μmol/L. 
Urinary hemosiderin determination was positive. Then, a 
sudden cerebral infarction was found in the patient, with the 
symptoms of left limb muscle weakness and twisted mouth. 
Because of the unexpected event, reoperation was not per-
formed. Fortunately, after transfusion and medical therapy 
of adalat gits and β-blocker, hemolysis anemia was improved 
significantly. Hemoglobin increased to 9.2g/dL at the time 
when the patient was discharged one month later. Hemolytic 
anemia disappeared rapidly during the subsequent follow-up, 
and renal function was recovered to normal.

Case 2
A 68-year-old woman was admitted to the hospital for 

recurrent chest distress. Echocardiography revealed severe 
mitral valve regurgitation, with prolapse of segments A2 and 
A3 (Figure 1C). Preoperative renal function was normal. The 
patient underwent mitral valve repair with a 26mm annu-
loplasty ring (Edwards), and new chordae implantation for 
the prolapsed anterior leaflet. Intraoperative TEE showed 
mild residual mitral regurgitation. Postoperative macro-
scopic hematuria was observed. Hematology examination 
showed that hemoglobin was 7.3g/dL, indirect bilirubin was  
37.2 umol/L, total bilirubin was 60.8umol/L, LDH was 
1483u/L, haptoglobin <0.06g/L, ferritin was 859.6ng/mL, 
creatinine was 184μmol/L and BUN was 16.07mmol/L. 
Comb’s test was negative. A peripheral blood smear indicated 
intravascular hemolysis with schistocytes (Figure 2B). The 
patient was treated with blood transfusion, alkalization of 
urine, and medication. The postoperative echocardiography 
showed mild regurgitation of the mitral valve (Figure 1D). 
Before discharged, hemoglobin was 8.1 g/dL and the renal 
function restored to normal.

Three months later, the patient was readmitted for seri-
ous recurrent anemia and impaired renal function. Because 
of personal reasons, the patient refused reoperation all the 
time. One year later, the patient was admitted with recurrent 
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hemolysis once again, and renal dynamic imaging showed 
severe renal dysfunction. The patient then underwent mitral 
valve replacement with a bioprosthesis. During follow-up, 
although hemolytic anemia resolved, renal function did  
not restore.

DISCUSSION

The previous data show that hemolysis after mitral valve 
repair can be classified into three categories: collision of 
regurgitation jet to the prosthetic ring, rapid acceleration 
regurgitation jet, and fragmentation jet caused by the dehisced 
prosthetic ring [Viaene 2013]. High shear stress contributes 
significantly to the pathophysiology of hemolysis that is dem-
onstrated by TEE [Yeo 1998]. Furthermore, other occur-
rences were considered to be related to hemolysis, such as the 
failure of the repair, progression of the valve disease, pros-
thetic annuloplasty rings, disrupted sutures or pledgets, etc. 

Compared to isolated hemolysis, hemolysis combined 
with kidney injury is rarer. Only a few cases have introduced 
personal experience of diagnosis and treatment. Moderate 
levels of hemoglobin do not damage the tissue [Schaer 2014]. 
However, when massive amounts of hemoglobin are released 
into the plasma so that haptoglobin is exhausted, the residual 
hemoglobin is incorporated by tubular cells and is then dis-
sociated into free-heme and iron [Concepcion 2008; Rother 
2005]. All the various pathological process could be summa-
rized as follows:

1) Direct damage. The increased level of heme could 
induce oxidation, protein denaturation, and proinflammatory 

and free radicals to cause cytotoxic effects and result in cell 
necrosis and apoptosis [Dutra 2014].

2) Cast formation. In an acidic environment, hemoglobin is 
rapidly converted to methemoglobin, which can form casts by 
precipitating within the distal tubular lamina. The obstruction 
increases proximal tubular hemoglobin uptake, causing lyso-
somal overload and further cell death [Khalighi 2015].

3) Vascular dysfunction. Excessive free plasma hemoglobin 
could react with nitric oxide (NO) rapidly and irreversibly, 
producing nitrate and methemoglobin. Serious depletion of 
NO could impair vascular function, elevate vascular resis-
tance and decrease organ perfusion [Shih 2013].

Given the incomplete endothelialization of prosthetic mate-
rial early after the operation, acute renal injury induced by hemo-
lysis could be self-limited if timely and effective therapy is per-
formed [Gungunes 2010]. Introducing medicine, slowing down 
the heart rate, and decreasing blood pressure could alleviate the 
hemolysis. Blood transfusion could be used for anemia. In addi-
tion, therapeutic plasma exchange, haptoglobin, and inhaled NO 
could possibly be useful as well [Hayes 2015; Shih 2013]. 

The decision of reoperation requires serious consider-
ation, because the rate of mortality and complication is signif-
icantly higher in the second operation than in the first [Car-
doso 2013]. The indications for the timing and approach of 
the reoperation need to be studied further. According to cur-
rent views, conservative therapy, as outlined above, is always 
the first choice against the hemolysis. Conservative therapy 
could avoid the injury caused by reoperation, and the exces-
sive hospital expense. However, the patients require more 
intense observation. If recurrent hemolysis and renal injury 
still exist after conservative treatment, and regurgitation jet 
with high shear stress is proved by TEE, reoperation should 
be conducted more positively. Otherwise, it will cause serious 
anemia and chronic irreversible renal injury. 

Mitral valve repair and mitral valve replacement are both 
options for reoperation, as they both resolve the serious hemo-
lysis successfully. The preferred option should be determined 
according to factors such as age, valve quality, and other indi-
vidual characteristics of the patients [Abourjaili 2012].

In both of our two cases, the initial hemolysis occurred 
nearly two months after mitral valve repair. This is consistent 
with the data of the past study [Lam 2004]. Mild mitral valve 
regurgitation was observed in the two patients by echocar-
diography after surgery. The key point was that re-operation 

Figure 2. (A) Case 1: Peripheral blood smear showing abnormal red cell 
and fragmented red blood cells (black arrows). (B) Case 2: Peripheral 
blood smear showing abnormal red cell and fragmented red blood cells 
(black arrows).

Figure 1. (A) Preoperative echocardiogram of the case 1, showing severe 
regurgitation of MV (mitral valve). (B) Postoperative echocardiogram of 
the case 1, showing mild regurgitation of MV. (C) Preoperative echocar-
diogram of the case 2, showing severe regurgitation of MV. (D) Postop-
erative echocardiogram of the case2, showing mild regurgitation of MV. 
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was not made for necessary reasons in the both patients when 
hemolysis combined with renal injury occurred. In the first 
case, hemolysis gradually disappeared and renal function 
restored to normal, which might contribute to the complete 
endothelialization of prosthetic material. In the second case, 
continuous hemolysis caused irreversible kidney injury, and it 
could not be improved by surgery or the removal of hemolysis.

In summary, strong attention should be paid to kidney dys-
function, since the recurrent hemolysis appears in accordance 
with the different outcomes of the two cases. Careful echo-
cardiographic evaluation and timely laboratory examination 
could be conducive in allowing us to predict the development 
of the hemolysis. Once conservative therapy is actually inef-
fective, re-operation should be made as soon as possible. 
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