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Abstract
Background: Clinically insigni�cant hemolytic anemia is occasionally a complication of prosthetic valve
replacement. However, hemolysis related to kinked grafts is a very rare complication after central repair
for acute aortic dissection.

Case presentation: A 42-year-old man had undergone replacement of the ascending aorta and a root
repair for type A aortic dissection 6 months previously. Laboratory data showed mild hemolysis 5 months
later, and he began to complain of fatigue on exertion. The serum hemoglobin level reduced to 8.6 g/dL,
and lactate dehydrogenase levels increased to 3071 IU/L with gross change in urine color, indicating
hemoglobinuria. We diagnosed mechanical hemolytic anemia caused by a kinked graft and planned a
repeat operation. The kinked graft was resected and graft-graft anastomosis was performed.
Postoperatively, the clinical course was uneventful, and the hemolytic anemia completely resolved.

Conclusion: We herein report a case of hemolytic anemia caused by kinking of the graft 6 months after
acute aortic dissection repair. The diagnosis was swiftly made, and the patient was successfully
managed with redo surgery.

Background
Symptomatic lysis of red blood cells (RBCs) caused by a kinked graft after central repair for acute aortic
dissection is rare and is primarily attributed to mechanical damage as a result of high shear stress,
turbulent �ow, and physical interaction. Treating hemolysis is important because once it exacerbates, the
general condition may become unstable, leading to a critical situation. We report a case of severe
hemolytic anemia unrelated to a valve prosthesis 6 months after aortic dissection repair.

Case Presentation
A 42-year-old man underwent emergency ascending aortic replacement (Triplex 22 mm and 20 mm) and
aortic valve resuspension for acute type A aortic dissection at our institution 6 months previously. During
the primary surgery, distal anastomosis was performed using only the outer felt, and bovine pericardium
was used to cover the site with the intimal tear proximally. Replacement of the ascending aorta was
performed using a 20-mm graft, and the proximal part had a 22 mm graft-graft anastomosis. The
operation and postoperative course were uneventful, and the patient was discharged and followed up
monthly. (Fig. 1a and 1b) Four months later, there was a slight increase in the serum lactate
dehydrogenase (LDH) level. At �ve months after the surgery, laboratory data indicated mild hemolysis,
and he complained of fatigue on exertion. Six months after the surgery, he was admitted to our institution
because of severe hemolysis that required blood transfusion. The serum hemoglobin (Hb) level was 8.6
g/dL, LDH enzyme level: 3071 IU/L, hematocrit: 25.8%, relative reticulocyte count: 8.1%, total bilirubin: 4.1
mg/dL, blood urea nitrogen (BUN): 13 mg/dL, and creatinine: 1.38 mg/dL. Upon discharge after the
primary surgery, the serum BUN level was 14 mg/dL, and creatinine was 0.75 mg/dL. A peripheral blood



Page 3/8

smear showed many schistocytes; however, the Coombs test was negative. Physical examination showed
yellowish skin discoloration and red-yellow urine color, while eye examination showed jaundice and
conjunctival pallor. A systolic murmur (Levine II) was heard in the second right intercostal space.
Transesophageal echocardiography (TTE) revealed a severely kinked graft in the ascending aorta, with
normal left ventricular function and valve. At the kinked site, the peak jet velocity was 4.8 m/sec and the
pressure gradient was 92 mmHg. Computed tomography showed severe kinking at the graft,
approximately 35 mm from the proximal anastomosis (Fig. 2a and 2b). These data suggested that
mechanical destruction of red blood cells by the kinked graft caused the hemolytic anemia, and he
needed resection of the replaced ascending aorta. He required transfusion of 14 units of blood in the 4
days before the surgery, and the Hb was 8.6 g/dL at the time of surgery.

The chest was opened by redo median sternotomy. Slightly distal to the valve level, the graft showed a
sharp, crinkled oblique fold partially obstructing the post-valvular �ow, and a strong thrill was felt at the
site of the kinked graft (Fig. 3a). Extracorporeal circulation was established by femoral artery cannulation
and venous drainage from the right atrium. After inserting the left ventricular vent cannula through the
left superior pulmonary vein, clamping, and anterograde cardioplegia, the graft was opened at the suture
line. The valve showed normal function with no regurgitation. The proximal and distal sides of the kinked
graft were resected diagonally, and graft-graft anastomosis of approximately 1 cm in length was
performed(Fig. 3b and 3c). The thrill became weaker than before resection after unclamping. The
duration of extracorporeal circulation was 66 minutes, and the operation time was 283 minutes.

Postoperatively, gross hematuria and hemolytic anemia resolved completely and the serum LDH and
bilirubin levels normalized (Table 1). Subsequent surgical and clinical course were uneventful, with
discharge in very good condition after eight days (Fig. 4).

Discussion
This was a rare case of hemolytic anemia caused by kinking of a graft following surgery for aortic
dissection. Hemolytic anemia after open heart surgery is known to be caused mainly by perivalvular
leakage (1). Hemolytic anemia after central repair for acute aortic dissection has been attributed to outer
compression of the graft, disturbance of blood �ow at the site of obstruction, and a stenotic lumen within
the graft. Davison et al.(2) and Stanger et al.(3) reported that graft stenosis is mainly due to the inversion
of inner felt strips (50%) and not by kinking, as in our case (2, 3). In this case, we diagnosed hemolytic
anemia due to graft kinking because no inner felt or arti�cial valve was used during the initial surgery.

The magnitude of turbulent shear stresses in the �ow �eld and the physical interaction of red blood cells
(RBCs) with prosthesis are major factors in hemolytic anemia induced by cardiovascular prosthetic
devices (4). The most common hemolytic threshold value for RBC damage was reported to be 400 N/m2

by Sallam and Hwang (5). Lu et al. determined the hemolytic threshold value for RBC damage to be
between 400 and 800 N/m2, and it may depend on high shear stress and exposure times to the shear
�elds (4). High turbulent shear stress is present at locations with high-velocity gradients and at locations
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immediately distal to the valve lea�ets. It could be expected that these �ow turbulences might be
intensi�ed by a sharp fold just distal to the valve, thereby inducing turbulent shear stress on its own and
causing severe RBC damage and clinically relevant hemolysis, as in our case (3). In this case, it was
expected that the increased shear stress due to the high degree of �exion was the cause of the hemolytic
anemia, and the most effective treatment was the replacement of the kinked area by reoperation.

A review of the literature revealed that the mean onset of hemolysis following aortic dissection repair was
32.2 months after surgery, with 16.7% of cases occurring within 2 weeks (2). When comparing
mechanisms between acute-onset hemolysis (within 2 weeks postoperatively) and more delayed
presentations, no cases of hemolytic anemia associated with graft kinking were identi�ed in the acute
presentation group (2). In this case, the computed tomography (CT) images immediately after the initial
aortic dissection surgery showed mild �exion of the graft, and there were no signs of hemolytic anemia at
that time. However, we suggest that this mild �exion may have been one of the reasons for the relatively
early onset of hemolytic anemia at 6 months after surgery.

In this case, we speculate that kinking of the aortic graft may be related to a relatively long graft length.
Sabzi et al. determined, by applying pressure to both ventricles during surgery, the appropriate
anastomotic position and optimal graft length (6). Takami et al. reported that the Gelseal™ graft
increased by approximately 26% compared with the package size when used in ascending aorta surgery
(7). Mattens et al. reported that the diameter of the Gelseal™ graft increased by 31.4% at 2 years after
implantation in the descending thoracic aorta (8). Similar to these results, Etz et al. reported Dacron graft
dilation in the ascending and descending aorta, which showed a slight difference in the dilation rate (9).
Hori et al. reported that Triplex showed the greatest increase in diameter among Hemashield, J-Graft, and
Triplex after implantation compared to the package size within 43 months of surgery. In addition to
reports of cases of �exion due to elongation of the grafts (2, 9–12), Zierer et al. reported enlargement of
the residual aorta after the repair of acute type A aortic dissection, and this is suggested to be one of the
reasons for kinked grafts (13). However, the increas of the aortic graft length was not observed in our
case, though it was not electrocardiogram synchronized (Fig. 5a and b). Postoperative changes in the
surrounding tissues such as the cardiac position and the aortic arch may have affected the kinking of the
graft. In cases of hemolytic anemia after the use of a graft, it is necessary to consider kinking of the graft
as a possible cause.

Conclusion
We encountered a case of severe hemolytic anemia due to severe kinking of the graft six months after
aortic dissection surgery. The kinking was resolved by reoperation, and the postoperative course was
good. The graft length should be carefully determined during the �rst surgery for aortic dissection.

Abbreviations
LDH: Lactate dehydrogenase
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Hb: Hemoglobin

BUN: Blood urea nitrogen

TTE: Transesophageal echocardiography

CT: Computed tomography

Declarations
Ethics approval and consent to participate

Not applicable.

Consent for publication

The patient has provided permission to publish the features of his case, and his identity has been
protected.

Availability of data and materials

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Funding

The authors declare that they received no �nancial support for the publication of this case.

Authors' contributions

TK prepared the manuscript under the supervision of AT and TW. TK, TW, KY, NK, KY, AT performed the
operations and perioperative management. All authors read and approved the �nal manuscript.

Acknowledgements

We would like to thank Editage (http://www.editage.com) for English language editing.

Authors' information

TW: wataru0812_drt@gunma-u.ac.jp

KY: knsysnb@gmail.com

KN: n.konno@gunma-u.ac.jp



Page 6/8

KY: k.yusuke@gunma-u.ac.jp

AT: tomonobuabe@gunma-u.ac.jp

References
1. Shingu Y, Aoki H, Ebuoka N, Eya K, Takigami K, Oba J, Chiba K, Takashi F. A surgical case for

hemolytic anemia after ascending and total arch replacement. Ann Thorac Cardiovasc Surg.
2005;11:416–8.

2. Davison MA, Norton DM, Popoff AM, Seder CW, March RJ.Hemolysis following wrap aortoplasty for
type A aortic dissection repair: case report and review of the literature. Vasc Med. 2018; 23:400–6.

3. Stanger O, Hammerer M, Datz L. Severe non-valve-related hemolytic anemia following aortic root
replacement. Interact Cardiovasc Thorac Surg. 2010;11:832–4.

4. Lu PC, Lai HC, Liu JS. A reevaluation and discussion on the threshold limit for hemolysis in a
turbulent shear �ow. J Biomech. 2001;34;1361–4.

5. Sallam AM, Hwang NHC. Human red blood cell hemolysis in a turbulent shear �ow: contribution of
Reynolds shear stresses. Biorheology. 1984;21:783–97.

�. Sabzi, F, Ghasemi, F, Asadmobini, A. Hemolytic anemia caused by kinking of Dacron grafts implanted
in repair of after aortic dissection. Ethiop J Health Sci. 2016;26:497–502.

7. Takami Y, Tajima K, Kato W, Fujii K, Hibino M, Munakata H, et al. Long-term size follow-up of knitted
Dacron grafts (Gelseal™) used in the ascending aorta. Interact Cardiovasc Thorac Surg. 2012;14:
529–31.

�. Mattens E, Engels P, Hamerlijnck R, et al. Gelseal versus Gelweave Dacron prosthetic grafts in the
descending thoracic aorta: a two-year computed tomography scan follow-up study. Cardiovasc Surg.
1999;7:432–5.

9. Etz CD, Homann T, Silovitz D, Bodian CA, Luehr M, Di Luozzo G, et al. Vascular graft replacement of
the ascending and descending aorta: do Dacron grafts grow? Ann Thorac Surg. 2007;84:1206–12.

10. Hori D, Kusadokoro S, Shimizu T, Kimura N, Yamaguchi A. Prosthetic graft dilation at the aortic arch
in the era of hybrid aortic surgery. Ann Vasc. 2020;13:163–9.

11. Lam BK, Cosgrove DM, Bhudia SK, Gillinov AM. Hemolysis after mitral valve repair: mechanisms and
treatment. Ann Thorac Surg. 2004;77:191–5.

12. Yoganathan AP, Woo YR, Sung HW. Turbulent shear stress measurements in the vicinity of aortic
heart valve prostheses. J Biomech. 1986;19:433–42.

13. Zierer A, Voeller RK, Hill KE, Kouchoukos NT, Damiano RJ, Moon MR. Aortic enlargement and late
reoperation after repair of acute type A aortic dissection. Ann Thorac Surg. 2007;84:479–86.

Table
Table 1 Summary of laboratory data
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  1 month after
initial surgery

5 months after
initial surgery

6 months after
initial surgery

1 day before
redo surgery

8 days
after 
 redo
surgery

3
months
after 
 redo
surgery

Hb
(g/dL)

11.4 9.5 4.7 8.6 9 13.3

LDH
(U/L)

249 1960 3898 3071 820 210

T-Bil
(mg/dL)

0.6 2.5 4.6 3.8 1.1 0.4

BUN
(mg/dL)

15 17.8 18.7 13 15 19.7

Cre
(mg/dL)

0.81 1.01 1.61 1.38 1.05 0.81

Hemolytic anemia resolved completely and the serum LDH and bilirubin levels normalized. Kidney injury
has resolved. BUN, blood urea nitrogen; Cre, creatinine; Hb, hemoglobin; LDH, lactate dehydrogenase; T-Bil,
total bilirubin.

Figures

Figure 1

Chest CT scan after initial surgery. a) saggital view. b) 3D-CT.

Figure 2

Chest CT scan before redo surgery showed severe kinking of the graft (arrow) approximately 35 mm from
the proximal anastomosis. a) saggital view. b) 3D-CT.

Figure 3

Intraoperative inspection. a) Slightly distal to the valve level, the graft showed a sharp, crinkled oblique
fold. b) The proximal and distal sides of the kinked graft were resected diagonally (arrow). c) Graft-graft
anastomosis of approximately 1 cm in length was performed.
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Figure 4

Chest CT scan 5 days after redo surgery showed no obstruction in the ascending aorta (arrow).

Figure 5

The lengths of the grafts. a) after initial surgery. b) after redo surgery.


